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• Genomics Platforms and sequencing services at NGI, SciLifeLab

• History and current status of technologies for sequencing

• NGS applications and technologies

• NGS challanges and sample requirements

• Data analysis pipelines, R&D and strategic projects

Today we will talk about



Service areas of
SciLifeLab

Across all service areas: dedicated staff scientists that 
can offer support throughout the experimental 
process – from study design to data handling



SciLifeLab Genomics



What is NGI?

NGI provides access to technology for 
massively parallel/next generation DNA 
sequencing, genotyping and associated 
bioinformatics support
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NGS technologies at NGI



Short read NGS
High troughput, low cost per base

3x NovaSeq X Plus – New!
5 x Illumina NovaSeq
4 x Illumina MiSeq
1 x Illumina NextSeq
1 x Illumina iSeq
1 x Thermo Fisher IonS5

Long read NGS
Very long reads, lower troughput

1 x PacBio Revio – New!
1 x PacBio Sequel IIe
1 x Oxford Nanopore-PromethION

Sequencing instruments at NGI



First genome: virus f X 174 - 5 368 bp (1977)

First organism: Haemophilus influenzae - 1.5 Mb (1995)

First eukaryote: Saccharomyces cerevisiae - 12.4 Mb (1996)

First multicellular organism: Cenorhabditis elegans - 100 Mb (1998-2002)

First plant: Arabidopsis thaliana - 157 Mb (2000)

First human genome- 3Gb (2003)

History and current status of sequencing



Human genome project (HUGO, 2003)
Sanger Sequencing
2.7 Billion USD

Craig Venter’s Genome
Sanger Sequencing
70 Million USD 

James Watson’s Genome
454 pyro sequencing (Roche)
2 Million USD 
Yesterday’s genome
NovaSeq 6000 (Illumina)
~1 000 USD

Today’s genome
NovaSeq X (Illumina)
~600 USD

An interessting comparison



15 years of Illumina sequencing at NGI
2007: Installation of Illumina GA 2023: Arrival of NovaSeq X Plus



Workflow, Illumina sequencing



Short reads, Illumina sequencing
36-300 bp, paired end sequcning

150 Mb-16 Tb per run
12 hours - 3 days

Whole genome sequencing, any size
Whole genome sequencing, human

Exome
Transcriptomes

Target genes and panels
Amplicons (up to 500 bp)

ChIP-sequencing
Methylome

RAD-sequencing
Metagenomes and metatrascriptomes

Ultra-low input samples



• A sequencing library is a pool of DNA fragments with
adapters attached to both ends of the fragments

• Approx. 20 protocols for Illumina library prep at NGI

Library preparation 



• The sequencing library is hybridized to a flowcell (”cluster generation”)
• - A flowcell is a slide that is coated with oligos

• Rapid bridge amplification

• Hybidization of sequencing primers

• Sequencing by syntehsis
- fluorophore labeled nucleotides emitting light

Illumina cluster generation & sequencing



Illumina sequencing by synthesis

Youtube: 
https://www.youtube.com/
watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8
https://www.youtube.com/watch?v=fCd6B5HRaZ8


New instrument - NovaSeq X Plus
Flowcell Type 1.5 B 10 B 25 B 
Output per flowcell (paired end150 bp) 500 Gb 3 Tb 8 Tb
Number of human genomes per flowcell ~ 4 ~ 24 ~ 64
Run time (paired end150 bp) 21 h 24 h 48 h



DNA

Concentration: QuantIT
Degradation: Fragment Analyzer/TapeStation

RNA

Concentration + RIN-value: 
Fragment Analyzer/TapeStation

Quality control of RNA/DNA

High quality DNA sample Degraded DNA sample



DNA-sample: 2.5 ng/ul, DIN-value 0

Quality of sample/library will affect sequencing result!

20 ng of DNA, Thurplex Low-input 
library prep, 3 libraries

Amount of data generated: 800 M 
read pairs (aiming for ≥60x coverage)

Result: 12x coverage



• RNA samples, RIN-values between 1-9,6
• Library prep Illumina Ligation Ribo-Zero Plus 

Quality of sample/library will affect sequencing result!

Results on next page…



QC-reults RNA-seq
Uneven amounts of data (17-100 M reads per sample)
A lot of duplicates
High rRNA content
High adapter content

Continued…Quality of sample/library will affect sequencing
result



Other challenges – duplicates, duplicates, duplicates….

Present on all 
Illumina 
Platforms

On non-patterned
flowcells (MiSeq, 
HiSeq 2500 etc.)

Patterned flowcells
only (NextSeq, 
NovaSeq 6000/X 

PCR duplicates
Duplicate
molecules arising
from amplification
in library prep

Sister duplicates
Complement strands 
of the same libary
form independent 
clusters

Optical
duplicates
A single cluster 
falsley called as 
two by RTA

Clustering
duplicates*
Duplicates in nearby
wells, a library
occupies two nearby
wells during cluster 
generation
”Optical duplicates”



Some of the applications offered
Templates:

DNA, RNA, cells, 
serum or plasma

• De novo sequencing 
(PacBio, ONT)

• Re-sequencing (PCR-Free, 
low input)

Whole Genome 
Sequencing

(WGS)

• mRNA-Seq (poly-A selection)
• Total RNA-seq (ribosomal 

depletion)
• miRNA & small RNAs
• Full-length transcriptomes

• Exome
• Gene panels
• Amplicons (including bacterial 

16S for metagenomics)
• RAD-seq

• Chromatin (HiC, ATAC-Seq)
• WGBS
• ChIP Sequencing

• User-made libraries 
• High throughput
• Fast turn around time

• 10x Genomics
• Dolomite Nadia 
• Single-cell WGBS

• 10x Genomics Visium • Olink Explore 
1536/3072/5300

Transcriptome 
Sequencing

Targeted 
re-sequencing

Epigenetics

Ready-made 
libraries

Single-cell 
applications

Spatial 
transcriptomics

Proteomics 
with NGS 
readout



Protein analysis, Olink Explore with NGS 
readout

• Highly multiplex protein biomarker analysis:
• Olink Explore 384-5300 protein assays available

• Cardio-metabolic
• Inflammation
• Neurology
• Oncology

• Stats
• >25 000 samples analyzed since the method

was set up in the spring of 2021

SciLifeLab Explore Lab: NGI in collaboration with the 
Affinity Proteomics Uppsala unit and Olink Proteomics AB



Examples, recent successful projects



Limitations with short reads
• You don’t get complete genome information!



Long-read sequencing

No longer a niche technology!

• Assemble complete genomes

• Find all genetic variants

• Detect epigenetic modifications

• At a “reasonable” cost



PacBio Sequencing

PacBio RSII PacBio Sequel
(Sequel I & II)



PacBio Sequencing

CLR sequencing
no longer supported



PacBio – Methylation detection
• Base modifications on native DNA molecules can be detected! 



A decade of PacBio sequencing at NGI
2013: Installation of PacBio RSII 2023: Arrival of PacBio Revio



The PacBio Revio System 

• Up to 90Gb data from one SMRT cell

• Read lengths: 15-20kb

• >QV20 quality (>99% read accuracy)

• Can run 1,300 human genomes/year!

• We installed PacBio Revio in March 2023



Revio – results for our first 16 runs



Revio – results for our first 16 runs



Size selection method makes a difference! 

Human 2_1 Human 2_2 Human 2_3

Human 1_1 Human 1_2 Human 1_3 Human 1_4

Gel-based size selection

Bead-based size selection



Oxford Nanopore sequencing

Base modification info is retained



Oxford Nanopore sequencing

Instrument Run time /FC Output / FC Nr of pores Max read length

Flongle 16 hrs 1 Gb 126 1 Mb

MinION 24 hrs 2-15 Gb 512 1 Mb

GridION 24 hrs 2-15 Gb 512 1 Mb

PromethION 72 hrs 10 – 150 Gb 3 000 2 Mb



ONT - Portability



ONT - Speed



ONT target sequencing - adaptive sampling

DNA analyzed and 
sequenced in real time ROI found

Sequencing 
continues

ROI not found

DNA fragment is 
ejected

Pore completes 
sequencing

(Then available for 
new fragment)

Pore is available for 
new DNA fragment

(Here with ROI)



ONT direct RNA sequencing

ONT can sequence native RNA molecules!

• No bias due to cDNA conversion

• Allows to study RNA modifications

• Higher error rate 

• Lower throughput



DNA extraction for long-read sequencing



HMW-DNA Extraction – Options at NGI

Commercial Kits Phenol/Chloroform

Cells/Blood
1x106 - 5x106

Tissue
25-100 mg

Insects/Mollusc/Crustaceans
25-200 mg

Fungi
100-600 mg

Plants
1-3 g

MONARCH
High input quality required

Few special protocols

Top choice for high quality
samples with low amount of 

contaminants

NANOBIND
Lower input quality tolerated

Many special protocols
Suplemental buffers for insects

Top choice for most non-standard 
samples except for low input and 

high polysaccharide samples

SDS Lysis
High polyphenol

High recovery for low input

Top choice for samples high 
in polyphenols without

polysaccharides

CTAB Lysis
High polysaccharide

Also handles polyphenols

Top choice for plants, fungi, 
and other samples high in 

polysaccharides



We extract what we get!

Which would you expect to have less contaminants?

VS

Sequencing of the last supper?

VS

HMW-DNA Extraction – Contaminants



• Keep cells intact to preserve HMW-DNA

• Dissect pre-freezing to avoid thaw cycles

• Freeze as fast and cold as possible to minimize cell rupture

Flash-frozen
No thawing

Flash-frozen
Thawed once

• Ethanol disrupts cells

• Avoid if possible

• Still best option for ambient 

storage (sample dependent)

Flash-frozen
EtOH

Flash-frozen
No EtOH

HMW-DNA Extraction - Fragmentation



q Plan ahead and divide according to what you plan to do

q Choose tissue high in DNA and low in contaminants when possible

q Freeze as fast and cold as possible to minimize fragmentation

q All samples are different – Investigate what are best options for your samples!

DNA?

RNA?

Hi-C?

HMW-DNA Extraction – Best Options



NGI Data Handling and Analysis Pipelines



NGI Data Handling

Miarka

SciLifeLab
Data Delivery
System (DDS)



Data delivery via DDS

• DDS is a system for delivery of data from SciLifeLab platforms 

• Cloud-based solution

• Command line and web interface

• Can handle also sensitive data

• Instruction video available on Youtube! 



Quality control
• Every project has some level of quality control checks

• Technical run performance
• Read length distribution
• Sequencing quality

• Analysis pipelines give application-specific QC

• Reporting done using MultiQC (Illumina projects)



Multi QC example



Analysis pipelines

• Initial data analysis for major applications:

• Mapping: Align sequences to a reference genome 

• SNV calling: Detect genetic variants 

• RNA-seq: Quantify gene expression

• De novo assembly: Generate new reference genomes

• and more…

• Analysis requirements: Automated, reliable, easy to run, reproducible



nf-core: a popular pipeline system

• A community effort to collect a curated set of Nextflow analysis pipelines

• GitHub organisation to collect pipelines in one place

• No institute-specific branding 

• Strict set of guideline requirements

Phil Ewels (previously NGI Sthlm)



Example pipeline - Sarek



Trend: On-instrument analysis
More and more analyses being done on instrument GPUs

Illumina NovaSeqX
Mapping and variant calling (Dragen) Onboard generation of HiFi reads

PacBio Revio

è Can speed up and streamline the analysis 
process



NGI Strategic Projects



NGI Strategic Projects
For some projects, NGI allocates additional resources for development

• New applications where we see the need to develop a pipeline

• Construction of reference datasets and resources

• Strategic collaborative projects

Three examples to follow:
1: Swedish human reference dataset
2: Long-read sequencing in Rare Disease
3: Earth Biogenome project



Example I: The SweGen project
• A whole-genome resource for researchers and clinical labs

From SweGen release party on Oct 19th 2016 



SweGen: 1000 Swedish Whole Genomes 

• What can the SweGen dataset be used for?

• Look up genetic variant frequencies

• Use as matched controls 

• Study population genetics

• Study human evolutionary history

High demand for the data from many different groups:

è Make the data available as quickly and openly as possible!



Selecting 1000 individuals based on PCA

Finland

Northern 
Sweden

Southern-
Central 
Sweden

England and 
Scotland

Italy

Spain

PCA of European samples from 
the 1000 Genomes Project and 
10,000 Swedish samples



Whole Genome Sequencing

• 30X Illumina WGS generated for all 1,000 individuals

• Sequencing done both at NGI Sthlm and NGI Uppsala

• All 1,000 samples completed in September 2016



Data analysis pipeline
• NGI pipeline developed for mapping and variant calling

• About 100Gb data generated, and 2 million CPU hours used…

• This pipeline has become standard for all WGS projects at NGI



Making data available

• Aggregated frequencies available from: swefreq.nbis.se

• Possible to access individual genotype data through Uppmax/Bianca



SweGen: a resource for collaboration
• Over 100 publications have made use of the SweGen dataset

• … but also, SweGen is used in clinical routine diagnostics



What will happen next?

“Genome of Europe” is a new EU initiative within the 1+MG project

- We will aim to generate a long-read reference dataset for Sweden!



A PacBio Revio pilot for rare disease

Project plan:

• 15-20 clinical cases 

• from 6 Swedish hospital regions

• DNA extracted by regular methods

• Complex SVs suspected

• Other genomics data available (short 

reads, arrays etc)

Each sample sequenced on one SMRTcell!



Amount of HiFi Revio data
ID Nr reads Total yield 

(Gb)
Avg read 

length
01 6,710,753 82.59 12,307
02 6,639,606 89.91 14,896
03 6,830,887 85.82 12,564
04 5,785,024 65.99 11,233
05 7,409,630 70.89 9,568
06 7,454,136 62.19 8,343
07 6,934,803 98.93 14,265
08 6,402,650 78.61 12,278
09 6,400,855 78.63 12,284
10 6,622,021 100.0 15,105
11 5,479,327 96.66 17,642
12 5,743,921 106.3 18,506
13 6,359,980 62.64 9,850
14 6,455,409 85.76 13,285



Amount of HiFi Revio data
ID Nr reads Total yield 

(Gb)
Avg read 

length
01 6,710,753 82.59 12,307
02 6,639,606 89.91 14,896
03 6,830,887 85.82 12,564
04 5,785,024 65.99 11,233
05 7,409,630 70.89 9,568
06 7,454,136 62.19 8,343
07 6,934,803 98.93 14,265
08 6,402,650 78.61 12,278
09 6,400,855 78.63 12,284
10 6,622,021 100.0 15,105
11 5,479,327 96.66 17,642
12 5,743,921 106.3 18,506
13 6,359,980 62.64 9,850
14 6,455,409 85.76 13,285

High quality 
HMW DNA 
samples. Size 
selected on gel



Pipeline for human Revio data

Felix Lenner
github.com/fellen31/skierfe



Results: Variant calling
ID

SNVs (DeepVariant) SVs > 50bp (Sniffles2)
SNPs Insertions Deletions Insertions Deletions INV/DUP/BND

01 4.341M 411.9k 412.2k 12,920 9,543 172
02 4.409M 416.9k 426.9k 13,182 9,517 156
03 4.369M 413.1k 423.9k 13,041 9,633 177
04 4.322M 407.9k 396.1k 12,846 9,320 188
05 4.341M 412.4k 405.5k 12,891 9,425 212
06 4.356M 405.4k 414.8k 12,794 9,576 268
07 4.389M 419.9k 423.8k 13,331 9,543 181
08 4.348M 407.4k 419.7k 13,094 9,595 195
09 4.381M 414.7k 408.7k 13,131 9,478 187
10 4.422M 418.1k 427.0k 13,071 9,444 163
11 4.420M 415.3k 422.1k 13,135 9,488 145
12 4.409M 415.1k 427.5k 13,083 9,535 139
13 4.358M 408.4k 397.7k 12,801 9,481 209
14 4.406M 411.8k 421.6k 12,940 9,474 179

Average 4.377M 412.7k 416.3k 13,019 9,504 184

Preliminary result:
~96% of SNVs detected also with short-read WGS



Tandem repeats

Haplotype 1

Haplotype 2

HTT



Tandem repeats

Haplotype 1

Haplotype 2

HTT – with methylation



Methylation – known imprinted region



De novo assembly results

span (Gbp) 3.1

GC (%) 40.84

AT (%) 59.16

longest contig (Mbp) 159

contig count 373

contig N50 length (Mbp) 56

contig N50 count 17

contig N90 length (Mbp) 10

contig N90 count 59

It took just 3.5 h on a 96 core compute node for de novo assembly of a sample with hifiasm!

Ignas Bunikis



De novo assembly mapped to GRCh38

Colour change represents adjacent contigs

Chromosomes 11 and 18 were assembled in single 
contigs

...but GRCh38 is missing ~200Mbp of genetic 
information...

Red segments resolved by T2T Consortium
DOI: 10.1126/science.abp8653

Ignas Bunikis



De novo assembly mapped to T2T

Colour change represents adjacent contigs

T2T-CHM13v2.0GRCh38

Ignas Bunikis



Example of a causative SV breakpoint
Translocation breakpoint

Soft clipped reads, aligning to another chromosome
Jesper Eisfeldt



More informative ways to visualize SVs
Subway plots

for complex SV regions
Circos plots

for large-scale SVs and translocations

Jesper Eisfeldt



Example III: Earth Biogenome Project



EBP – Data management and analysis
• Over the coming years, many new species will be sequenced

• A combination of different instruments and technologies will be used

• We need good strategies for data analysis and management!



Choice of technology
• Make sure sequencing is done using the best technology combination

RNA-seq

PacBio HiFi

Hi-C

Omni-C

BioNan
o

ONT

• This is changing all the time, and lots of different options exist

• The choice will have a big impact on the downstream analysis! 



Genome assembly
• Apply analysis pipelines to generate high-quality genome assemblies

• A challenge for NGI/SciLifeLab is to give best-practice guidelines!

In each step, many different strategies, 
algorithms, implementations & 
parameters can be used!



Genome annotation
• Once the assembly is generated, it needs to be annotated!

• Annotation usually means to find out where genes are located

Annotation using computational 
methods

Annotation using RNA-
sequencing

• We prefer RNA-sequencing, but still annotation can be challenging!



Data deposition
• Important to deposit the final assembly in public repositories! 

• There is a need to develop an interface to international databases  



EBP – A collaborative project

• A lot of challenges ahead of us to establish EBP analyses in Sweden

• … but the good news is that this is a community effort

• There will likely be a lot or opportunities to collaborate!



Internal R&D projects



Research & development at NGI
• We have a joint R&D group for all SciLifeLab genomics facilities

• Aim: to test new applications and possibly offer as service



CRISPR-Cas9 genome editing
We are developing new long-read tools to detect “off-target” mutations 

Höijer et al, Genome Biology 2020; Nature Communications 2022



Long-read single cell sequencing
Single-cell transcriptome

Study isoforms in single cells

Single-cell whole genome

Study structural variation in single-cells
Hård et al, Nature Communications 2023



Many topics that have not been covered…
ChIP-seq analysis RNA-Seq

Single cell RNA-Seq

• Simply too much to talk about in just one lecture…

DNA base
modifications



Long-read Uppsala Meeting 2024!
• October 21-23 2024, more information soon…



Thanks for your attention!


