Next generation sequencing
Applications

The colored slides are modified from Johan den Dunnen.
The rest is modified from Anna Esteve Codina.



Sequencing of the human genome
Public Consortium

Many years of hard work

BAC based approaches towards WGS

Amplification in bacterial culture

More than 20,000 BAC clones

Each containing about 100kb fragment

Together provided a tiling path through each human chromosome
Isolation, select pieces about 2-3 kb

Subcloned into plasmid vectors, amplification, isolation
recreate contigs

Refinement, gap closure, sequence quality improvement
(less 1 error/ 40,000 bases)






Platforms
* Roche/454 FLX: 2004
* [l[lumina Solexa Genome Analyzer: 2006
* Applied Biosystems SOLiD™ System: 2007
* Helicos Heliscope™ : 2010
* Pacific Biosciencies SMRT: launching 2010




454 vs Solexa

Homopolymers (AAAAA..)

Read length: 400 bp

Number of reads: 400.000

Per-base cost greater

Novo assembly, metagenomics

Read length: 40 bp

Number of reads: millions

Per-base cost cheaper

Ideal for application requiring short reads: ncRNA



Applications

Ancient DNA

DNA mixtures from diverse ecosystems, metagenomics
Resequencing previously published reference strains
|dentification of all mutations in an organism

Errors in published literature

Expand the number of available genomes

Comparative studies

Deciphering cell’s transcripts at sequence level without knowledge
of the genome sequence

Sequencing extremely large genomes, crop plants

Detection of cancer specific alleles avoiding traditional cloning
ChlP-seq: interactions protein-DNA

Epigenomics

Detecting ncRNA

Genetic human variation : SNP, CNV (diseases)



Elucidating DNA-protein interactions through chromoatin
immunoprecipitation sequencing

 Key part in regulating gene
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* Recently genome-wide ChlIP-
based studies of DNA-protein
interactions

* Readout of ChiP-derived DNA
sequences onto NGS platforms
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soluble chromatin
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* Insights into transcription
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Ancient Genomes Resurrected

* Degraded state of the sample = mitDNA sequencing
* Nuclear genomes of ancient remains: cave bear, mommoth, Neanderthal (10° bp )
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Problems: contamination modern humans and coisolation bacterial DNA



De novo genomes

Vol 456/20 November 2008 doi:10.1038/nature07446 namre

Sequencing the nuclear genome of the extinct woolly
mammoth
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A Draft Sequence of the
Neandertal Genome
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Discovering noncoding RNAs

NncRNA presence in genome difficult to predict by
computational methods with high certainty because the

evolutionary diversity

Detecting expression level changes that correlate with
changes in environmental factors, with disease onset and
progression, complex disease set or severity

Enhance the annotation of sequenced genomes (impact of

mutations more interpretable)
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Metagenomics

Characterizing the biodiversity found on Earth

The growing number of sequenced genomes enables us to interpret partial
sequences obtained by direct sampling of specific environmental niches.

Examples: ocean, acid mine site, soil, coral reefs, human microbiome which may
vary according to the health status of the individual

THE METAGENOMICS PROCESS

DETERMINE WHAT THE GENES ARE
(Sequence-based metagenomics)
Identify genes and metabolic pathways
Compare to other communities
and more...

Extract all DNA from
microbial community in

sampled environment
DETERMINE WHAT THE GENES DO

(Function-based metagenomics)
Screen to identify functions of interest, such as
vitamin or antibiotic production
Find the genes that code for functions of interest
and more...




Metagenomics.

microbiome
994 21 MAY 2010 VOL 328 SCIENCE ( biological diversity )

A Catalog of Reference Genomes
from the Human Microbiome

The Human Microbiome Jumpstart Reference Strains Consortium*t

Cell Host & Microbe Cell Host & Microbe 3, 213-223, April 2008 ©@2008 Elsevier Inc.

Diet-Induced Obesity Is Linked
to Marked but Reversible Alterations
in the Mouse Distal Gut Microbiome

Peter J. Turnbaugh,! Fredrik Backhed,® Lucinda Fulton,? and Jeffrey |. Gordon'*




Epigenomic variation

* Enable of genome-wide patterns of
methylation and how this patterns
change through the course of an
organism’s development.

* Enhanced potential to combine the
results of different experiments,
correlative analyses of genome-wide
methylation, histone binding patterns
and gene expression, for example.




More about epigenetics...

* Epigenetics: beyond the sequence. "The major problem, | think, is chromatin. What
determines whether a given piece of DNA along the chromosome is functioning, since
it's covered with the histones? What is happening at the level of methylation and
epigenetics? You can inherit something beyond the DNA sequence. That's where the
real excitement of genetics is now." (James D. Watson). Chromatin is defined as the
dynamic complex of DNA and histone proteins that makes up chromosomes.

* Epigenetics is defined as the chemical modification of DNA that affects gene expression
but does not involve changes to the underlying DNA sequence. As the emphasis in
biology is switching away from genetic sequence and towards the mechanisms by which
gene activity is controlled, epigenetics is becoming increasingly popular.

Epigenetic processes are essential for packaging and interpreting the genome, are
fundamental to normal development and are increasingly recognized as being involved
in human disease. Epigenetic mechanisms include, among other things, histone
modification, positioning of histone variants, nucleosome remodelling, DNA
methylation, small and non-coding RNAs. (Nature, 7 Aug 2008).



Gene expression profiling

Nueleic Acids Research, 2008, 1-12

Deep sequencing-based expression analysis
shows major advances in robustness,
resolution and inter-lab portability over five
microarray platforms

Peter A. C. 't Hoen"*, Yavuz Ariyurek', Helene H. Thygesen', Ermno Vreugdenhil®,
Rolf H. A. M. Vossen', Renée X. de Menezes', Judith M. Boer’,
Gert-Jan B. van Ommen' and Johan T. den Dunnen’

"The Center for Human and Clinical Genetics and the Leiden Genome Technology Center, Leiden University
Medical Center and “The Department of Medical Pharmacology from the Leiden/Amsterdam Center for Drug
Research, Leiden, The Netherlands




2 transgenic mice 2 different labs
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( Individual genomes )

Craig Venter

James Watson

ANONYMOUS:
Yoruban male
Yoruban ftrio
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Scientists crack women's DNA code
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it seems. Dutch scientists said they have mapped
the full genetic sequence of an individual
woman's DNA for the first time.

I-_v.!E': archers at Leiden University Medical Centre said

l 1ad sequenced the genome of ane of their
rchers, geneticist Marjolein Kriek, and plan to
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GO()SI \ [marjOIein krlek ) } [Zoeken J Geavanceerd zoeken
wy STV internet O pagina's in het Nederlands O pagina's uit Nederland —

Het internet Resultate@ 1 - 10 van circa 131.000 vgor marjolein kriek (0,31 seconc
472 resultaten opgeslagen op uw computer - Verbergen - Info

@ lllumina Barcelona GIvO.ppt - sequence technology) Marjolein Kriek PhD, clinical
GJvO_Kgenome.ppt - company {sequence technology) Marjelein Kriek PhD, clinical

Eerste genenkaart vrouvy ontcijferd - Binnenland - de Volkskrant

27 mei 2008 ... Het dna is van Marjolein Kriek {34), klinisch geneticus in opleiding aan het
LUMC. Zij is de derde mens van wie het complete erfelijk ...
www.volkskrant.nl/.../Eerste_genenkaart_vrouw_ontcijferd - In cache - Vergelijkbaar

L] 1234566789310 Volgende
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Moorderlicht Radio en T%: MNoorderlicht nieunws

28 mei 2003 ... Marjolein Kriek vertelt in Moorderlicht Radio (27 mei 2003) hoe het is om
jg ... Marjolein Kriek is te gast bij Moorderlicht Mieuws. ...

noorderlicht vpro.nlfafleveringen/39422270¢ - In cache - “ergelijkbaar

Cr. Marjelein Kriek, First YWoman to Have Her DNA Sequence Determined - [ Wertaal deze pagina |
31 Dec 2008 ... Celebrating two firsts in May, Dutch clinical geneticist Dr. Marjolein Kriek,
34, of Leiden University Medical Centre (LUMC) in the ...

woewy findingdulcinea. comd. /marjolein-kriek. html - In cache - Yergelijkbaar

First female genome is sequenced — Dr Marjolein Kriek! | Genetics ... - [ Wertaal deze pagina |
The DMA is that of Dutch scientist Dr Marjolein Kriek, a clinical geneticist at LUMC. "I

anyone could properly consider the ramifications of knowing his or ...

wiowe. blisstree. com/.. fMirst-female-genome-is-sequenced-dr-marjolein-kriek/ -

In cache - Yergelijkbaar

ErAbd MNews Explorer: Marjolein Kriek

YWarld news clustered, updated every day. Explore the news, following stories by time, place
ar persan.

emm.newsexplorer. eu/MewsExplorerfentities/nl/A870529 html - Yergelijkbaar

Marjolein Kriek - MextEio - [ vertaal deze pagina |

Search Term: Marjelein Kriek (author). Print page. Author. See also "M Kriek" - Authar -
Related Caontent - Studies - Clinical Trials - Literature - Mews ...

waewy. nexthio comdbyd. /Marjelein%20Kriek - In cache - Wergelijkbaar
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ATLAS OF THE HUMAN JOURNEY
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PrEaranceand requency of genetic markers
in modern peoples, we create a picture o
when and where ancient humans moved
around the world. These great migrations
eventually led the descendants of a small
group of Africans to occupy even the farthest
reaches of the Earth.
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My Lord, they
have discovered
the human
genome!

Pamn hackers)
| will have to
change the

" 7| password now.

After Human
Genome Project

:

Basic tools exist to
characterize

the biology

behind human

| diseases




VARIATIONS IN OUR GENOMES

Chiomiosoime

Genes brom
1 naborence
genome




Genomic
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Exome sequencing

The American Journal of Human Genetics 87, 146=153, |uly 9, 2010

REPORT

Terminal Osseous Dysplasia Is Caused by a
Single Recurrent Mutation in the FLNA Gene

Yu Sun,!!! Rowida Almomani,'!! Emmelien Aten,! Jacopo Celli,! Jaap van der Heijden,!
Hanka Venselaar,? Stephen P. Robertson,? Anna Baroncini,* Brunella Franco,36 Lina Basel-Vanagaite,”
Emiko Horii,® Ricardo Drut,? Yavuz Arivurek, 'Y Johan T. den Dunnen,!!" and Martijn H. Breuning!.*
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Exome sequencing

SCIENCE VOL 329 2 JULY 2010 — 75

Sequencing of 50 Human Exomes
Reveals Adaptation to High Altitude

Xin Yi,%2* Yu Liang,>** Emilia Huerta-Sanchez,?* Xin Jin,>** Zha Xi Ping Cuo,>** John E. Pool,*®*
Xun Xu,' Hui Jiang,® Nicolas Vinckenbosch,? Thorfinn Sand Korneliussen,” Hancheng Zheng,™*
Tao Liu,* Weiming He,"® Kui Li,** Ruibang Luo,™* Xifang Nie," Honglong Wu,“® Meiru Zhao,*
Hongzhi Cao,*? Jing Zou,* Ying Shan,** Shuzheng Li,* Qi Yang,* Asan,>? Peixiang Ni,! Geng Tian 2
Junming Iu,l Xiao Liu,* Tao ]iang,’*"" Renhua Wu,! Guangyu Zhou,* Meifang Tang,’ ]un]'ie Qin,}
Tong Wang,* 5|1m]|an Feng," Guohong Li,* Huasang, Jiangbai Luosang,® Wei Wang," Fang Chen,*
Yading Wang, Xiaoguang Zheng,™? Ihuu Li, Ihuuma Bianba,*° Ge ?ang,m Xinping ‘.|".‘amg|,11
Shuhm Tang, Guuyn Gau = "ﬂ:ng Chen,” Ihen Luo,? Lamu Gusang, Zheng Ca
= " luiging Liang} I-Imsung Iheng, Yebo Huang,*
n,*” Yingrui Li,' Yong Zhang,* Xiuging Zhang,
- Rasmus Nielsen,j':""’[ Jun Wang,>"1 Jian Wan
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electronic detection protons
1-colour cycle sequencing

ion torrent
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What's next ?

® single molecule sequencing

—Helicos
—short reads

—Pacific Biosciences
—long reads

® new features

—longer reads
—faster

—no label
—cheaper
—real-time imaging




Advantages SMS

( single molecule sequencing )

® saves work (= time & cost)
—'no’ sample preparation

® no amplification (PCR)

—no PCR errors (< sequence error)
—fewer contamination issues

—d nalys e every thin g (unPCR-able /unclonable)
—analysis low quality DNA

® absolute quantification




Helicos

® HeliScope Helicos

single molecule
sequencing

1 Gb / hour




Primary buri alS©Eveline Altena

Forensisch Laboratorium woor DMA Onderzoek




Yield human DNA™""

/X Helicos

Sample Extract Concentration % Reads of
Number Volume (ng/p) Human Origin

ess than 1%
ess than 1%
6.6%

determine gender

bone structure 3/5
PCR 3/5
Helicos 5/5




Applications ke==

® archeology

—ancient samples
— more data then expected

® forensics

—mixed samples
—low quality / damaged DNA

archived material
—FFPE
—museum
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Pacific Biosciences

— SCIENCE VOL 323 2 JANUARY 2009 133 —— ab BlOSClENCES“‘

Real-Time DNA Sequencing from
Single Polymerase Molecules

John Eid,* Adrian Fehr,* Jeremy Gray,* Khai Luong,* John Lyle,* Geoff Otto,* Paul Peluso,*
David Rank,* Primo Baybayan, Brad Bettman, Arkadiusz Bibillo, Keith Bjornson,

Bidhan Chaudhuri, Frederick Christians, Ronald Cicero, Sonya Clark, Ravindra Dalal,

Alex deWinter, John Dixon, Mathieu Foquet, Alfred Gaertner, Paul Hardenbol, Cheryl Heiner,
Kevin Hester, David Holden, Gregory Kearns, Xiangxu Kong, Ronald Kuse, Yves Lacroix,
Steven Lin, Paul Lundquist, Congcong Ma, Patrick Marks, Mark Maxham, Devon Murphy,
Insil Park, Thang Pham, Michael Phillips, Joy Roy, Robert Sebra, Gene Shen, Jon Sorenson,
Austin Tomaney, Kevin Travers, Mark Trulson, John Vieceli, Jeffrey Wegener, Dawn Wu,
Alicia Yang, Denis Zaccarin, Peter Zhao, Frank Zhong, Jonas Korlach,t Stephen Turnert
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Performance

A human genome sequence

© 2000
—€ 1,000,000,000 in ~10 years

® 2008
—€ 50 - 100,000 in ~4 months

® 2010
—€5-10,000 in ~2 weeks

® ..2015
—€ 1,000 in ~1 day

®...2020

—€ 10 in ~1 hour to minutes




