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Genomien koko
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Kuinka monta geenia tarvitaan?

 Archaeoglobus fulgidus | ACREE
Methanococcus jannaschii - 166 ; ey Bult et al. (1996)
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Genome

-2-3 % of the human genome
is coding for proteins and
rest is non coding

-non coding consists of is
introns, intergenic regions

-but 5% of the human
genome is under purifying
selection by analysis of the
sequence

-what is this 2-3% which is
not coding for proteins?

-small RNAs (miRNA, siRNA,
long noncoding RNAs,
regulatory sequences

-long RNA might not be
conserved by sequence still
having function?
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Amino acid side groups

{A} Nen-polar R groups

(C) Negatively charged R groups (D) Positively charged R groups




Genomitutkimuksen historian lyhyt oppimaara

1865 Mendel genetiikan perusteet

1953 Watson and Crick kaksoiskierre

1966 Nirenberg, Khorana, Holley geneettinen koodi
1977 Maxam ja Gilbert sekd Sanger sekvensointi
1982 Genebank perustettiin

1990 Ihmisen genomiprojekti aloitettiin

1996 Hiivan genomisekvenssi valmistui

1998 C. elegans sekvenssi valmistui

1997 E. coli sekvenssi valmistui

2000 D. melanogaster

2001 Thmisen genomin draft versio




2002 Hiiren genomi

2003 Thmisen genomiprojekti loppui

2004 Thmisen genomin valmisversio, rotta, kana

2005 Koira, simpanssi, ensimmainen GWAS, HapMap 1

2006 ensimmainen koko genomiin perustuva testi,
merisiili, mehilainen, NCBI genotyyppi ja fenotyyppi
tictokanta

2007 Han kiinalainen genomi, ensimmainen
henkilokohtainen genomi (Venter), ENCODE pilotti,
Wellcome trust case. vs control tutkimus, thmisen
geneettinen variaatio, reesusapina

2008 Glioblastooman geneettinen tutkimus, syopagenomi
AML), nokkaeldin, Yoruba (Afrikka) genomi, NGS
genomi (Watson),




2009 Korealaisen genomi, thmisen metylaatiokartta,
naudan genomi, MGC mammalian gene collection,

2010 Nuffield council Bioetiikka julkaisu
henkilokohtaisesta terveydenhuollosta, Miller syndrome
geeni paikannettu eksonisekvensointia kayttaen, 1000
genomia projektin pilottiosuus valmis, Neanderthal
genomi, modENCODE julkaisu, yli 1000 hiiren KO
kantaa, UK Biobank 500 000 osallistujaa, 5000 GWAS
tutkimusta julkaistu, Eteld-Afrikkalaisia thmisen
genomeita

Nature , 2011:470;204

1000 genome project, Denisovan, Encode, jne..
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natare Vol 437]15 September 2005|doi:10.1038/ nature03959

ARTICLES

Genome sequencing in microfabricated
high-density picolitre reactors

Marcel Margulies.]”, Michael Eghﬂlm]”, William E. Altman’, Said F‘V[‘[iyfa]r Joel S. Bader', Lisa A. Bemben’,

Jan Berka', Michael S. Braverman', Yi-Ju Chen', Zhoutao Chen’, Scott B. Dewell', Lei Du’, Joseph M. Fierro',
Xavier V. Gomes', Brian C. Godwin', Wen He', Scott Helgesen', Chun He Ho', Gerard P. Irzyk',

Szilveszter C. Jando', Maria L. 1. Ji"tlen::u.uar]r Thomas P. Jarvie', Kshama B. Jiragel, Jong-Bum Kim',

James R. Knight', Janna R. Lanza', John H. Leamon’, Steven M. Lefkowitz', Ming Lei', Jing Li', Kenton L. Lohman’,
Hong Lu', Vinod B. Makhijani], Keith E. McDade', Michael P. McKenna', Eugene W. Myersg,

Elizabeth Nickerson', John R. Nobile', Ramona Plant', Bernard P. Puc', Michael T. Ronan’, George T. Roth’,
Gary J. Sarkis', Jan Fredrik Simons', John W. Simpson’, Maithreyan Srinivasan', Karrie R. Tartaro’,

Alexander Tomasz®, Kari A. ‘u'c:gt], Greg A. Volkmer', Shally H. Wang], Yong Wang], Michael P. Weiner®,
Pengguang Yu', Richard F. Begley' & Jonathan M. Rothberg'
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(Genome Sequencer

(http://WWW.454.com/,http://v?ww.roche.com)
(Margulies, et al. Nature 2005,437, 376)

* Genome Sequencer GS20;FLX; Titanium
— 454 Life Science, Roche

» Parallel Sequencing

— Shotgun sequencing
* No plasmid libraries
» Linkers ligated to fragments
e Emulsion PCR
* Picotiter plate, 3 400 000 wells
— Pyrosequencing
» Detection with sensitive CCD camera
* Read length 800+ bp
e Run time ca. 23h

« Raw sequence ca. 400-800 Mb/run

k3



DNA Library Preparation and Titration emPCR Sequencing

4.5 hours 10.5 hours 8 hours 5.5 hours

Anneal sstDNA Emulsify beads and Clonal amplification Break microreactors,
to an excess of PCR reagents in oceurs inside enrich for DNA-
DNA Capture water-in-oil microreactors positive beads
Beads microreactors

sstDNA library Clonally-amplified sstDNA attached to bead

(millions of copies per bead)

e



DNA Library Preparation and Titration emPCR Sequencing

ﬁgh——-—

4.5 hours 10.5 hours 8 hours 5.5 hours

8 Well diameter: average of 44 pm

a1 A single clonally amplified sstDNA
bead is deposited per well

= 200,000 reads obtained in parallel
on large-format PicoTiterPlate device

Amplified sstDNA library beads Quality reads




1. Raw data is
series of

2. Each well's data
extracted,
quantized and
normalized

3. Read data
converted into

“flowgrams”




[1lumina/Solexa Genome Analyzer (www.illumina.com ; Bentley, DR Curr

Opinion Genet Dev 2006, 16,545-552 )

« Clonal Single Molecule Array technology
— Sequencing-by-synthesis technology

— Reversible terminator-based sequencing
* removable fluorescence

— Flow cell with > 300 million clusters
— 1-8 samples / run

— 3 laser system (660, 635, and 532 nm)

— Read length 75 - 150 bp, up to 1000 Gb / run
* Run time 3 — 10 days,

Cluter Station

itk
II!lenE

Flow cell
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I1lumina/Solexa

E  Sample preparation
— 100ng-1png
— Attaching to Flow cell

— Bridging
— PCR
E Elongation

B Denaturation

E Clonal amplification




[1lumina/Solexa sequencing

Sequencing

- First bases Sequencing
Second
- Fluorescent
_ bases

reversible detected after
terminators removal of

-  Detection label and
with laser blocking
and CCD
camera
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Metagenomiikka
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Aiemmin
- tuntemattomat
Fylogeneettiset el
mikrosirut 7 mikrobit
Mitk lajit? 165-1RNA- \ ik
kloonikirjasto |~ 2 \
7/ _
: - DNA/RNA/ Tietokanta Mikrobiyhteistn
Potilas |=+| Ndyte |- proteiinit rakenne ja toiminta
3 ™ [Metagenomiikka = :
" irjasto / \ / -
: Geneettinen Yhteison genotyypit| -
potentiaali Metatrans- -
; kriptomiikka .
Proteomiikka :
L--------------IIIIIIIIIIIIIIIIIIIIIIIIII .Bhgnm;i&_.f;m@.ia|-----------------E

KUVA 2. Esimerkkeja metagenomiikan avulla saavutettavista tuloksista. Saatuja tietoja voidaan hyddyntaa
diagnostiikassa ja hoidossa. Lisdksi voidaan kayttaa yksittaisten geenien pohjalta toimivia mikrobientunnistus-
menetelmid (kuvan yldosa) ja yhteisdn toiminnallista potentiaalia tutkivia menetelmid, kuten kuvan alaosas-
sa kuvattua proteomiikkaa (esim. Verberkmoes ym. 2009) ja metatranskriptomiikkaa (esim. Urich ym. 2008).
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Metagenomics using

Structure of 16S

ribosomal RNA
short subunit

16S
ITS

There are two kind
of regions those
are conservation
area and variable
area.
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Background

« Allergy study is part of the Karelia project
— started 1972

— Atopy, allergy and asthma component was added to the
project 1997

« We got into this project in 2010 because of the growing interest
iIn the human microbiome/ microbial diversity in connection with
allergy and disease in general

Environmental biodiversity, human microbiota,
and allergy are interrelated

llkka Hanski®!, Leena von Hertzen®, Nanna Fyhrquist®, Kaisa Koskinen®, Kaisa Torppa?, Tiina Laatikainen®, Piia Karisola®,
Petri Auvinen?, Lars Paulin®, Mika J. Mikeld®, Erkki Vartiainen®, Timo U. Kosunen®, Harri Alenius®, and Tari Haahtela™’

8334-8339 | PMAS | May22 2012 | wvol. 109 | o 21 wiww. prnas. orgfogifdoi/ 101073/ pras. 1205624109




Objectives

1) Does the environmental biodiversity influence the composition
of the skin microbial community?

2) Is allergy related to environmental biodiversity in the
surroundings of homes?

3) Is allergy related to the composition of the skin microbial
community?

4) |s there a connection between IL-10 expression and skin
microbiota?




IL-10 cytokine
expression

Flowering

plants » |Gammaproteo-

bacteria




10002003
Huran EZenome Projact

200420

S-2020

Bayomd 2020

Charting a course for genomic medicine
from base pairs to bedside

Eric D). Green', Mark 5. Guyer' & Natonal Human Genome Research Instinse®
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Figure 1 | Evolutionary conservation maps. Comparison among the human,
mouse, rat and dog genomes helps identify functional elements in the genome.
The figure shows the density of protein-coding sequences (red) and the most
highly conserved non-coding sequences (blue) along chromosome 3. Highly
conserved non-coding sequences are enriched in gene-poor regions, each of
which contained a gene involved in early development (such as SA TB1, shown).

Images courtesy of iStock Photo.

Initial impact of the sequencing of the

—human genome

Eric 5. Lander’
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Figure 2 | Chromatin state maps. The genomic sites of chromatin
modifications or protein binding can be mapped, using chromatin
immunoprecipitation (ChIP) and massively parallel sequencing. The figure
highlights chromatin marks associated with the active promoters (green) and
actively transcribed regions (blue), in a region on chromosome 22. The four
features shown correspond to two active protein-coding (dark grey), one
inactive protein-coding (light grey) and one long intergenic non-coding RN A
(maroon). Image courtesy of B. Wong (ClearScience ).

Initial impact of the sequencing of the
human genome

Eric 5. Lander!
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Figure 3 | Disease association maps. Geneticists can now test the association
between a common disease and millions of individual genetic variants. The
figure shows a ‘Manhattan plot’ from a study of Crohn’s disease, a form of
inflammatory bowel disease. For each variant across the genome, the height
reflects its correlation with disease (measure by log,o(significance)). The
Manhattan plot reveals 71 “skyscrapers’, corresponding to regions associated
with Crohn's disease. Image courtesy of B. Wong (ClearScience).

Table 1 | GWAS for common diseases and traits

Fhenotype Mumber of GWAS loci Proportion of heritability
explained (% )*

Type 1 diabetes 41 ~60

Fetal haemoglobin levels 3 ~50

Macular degeneration 3 ~50

Type 2 diabetes 359 20-25

Crohn's disease 71 20-25

LDL and HDL levels 95 20-25

Height 180 ~12

HOL, high-density lipoprotein; LDL, low-density lipoprotein

*Fraction of heritability explained is calculated by dividing the phenctypic variance explained by
variants at loci identified by GWAS by the total heritability as inferred fromepidemiclogical parameters.
(See Supplementary Bibliography)

Initial impact of the sequencing of the

human genome

Eric 5. Lander’



Figure 4 | Cancer genome maps. Whole-genome sequencing has provided
powertul new views of cancers. The left panel shows an image of colon cancer
(Wellcome Trust). The right panel shows the genome of a colon cancer sample
(Broad Institute), induding interchromosomal translocations (purple),
intrachromosomal translocations (green) and amplifications and deletions (red
and blue, on the inner ring). Individual nudeotide mutations are not shown.

Initial impact of the sequencing of the

- human genome

Eric S. Lander A Sequencing and Genomics Laboratory,
g Institute ot Biotechnology, University of Helsinki



Fig. &. Four possible scenanos of genetic mixture
involving Neandertals. Scenario 1 represents gene
flow into Neandertal from other archaic hominins,
here colledivaly referred to as Homo erectis. This
would manifest itelf as ssgments of the Neanderal
genome with unexpectadly high divergence from
present-day humans. Scenario 2 represents gene
flow between late Neandertals and early modern
humans in Europe andior western Asia. We see no
evidence of this because Neandertak are equally
distantly related to all non-Africans, However, such
gene flow may have taken place without leaving
traces in the present-day gene pool Scenario 3
represent gene flow between Neandertals and the
ancestors of all non-Africans. This is the most par-
simonious explanation of our abservation. Althowgh
we detect gene flow only from Neandertals into
moden humans, gene flow in the reverse direction
may also have coourred Scenanio 4 represents old
substrudure in Africa that persisted from the onigin
of Meandertals until the ancestors of non-Africans
left Africa. This scenarnio is also mmpatible with the
arrent data.

A Draft Sequence of the
Neandertal Genome

Richard E. Green,'*t} Johannes Krause, 't § Adrian W. Briggs,'t§ Tomislav Maricic,'t§

Mo Stenzel, *+§ Martin Kircher,'+§ Nick Patterson,”+§ Meng Li,"t Weiwei Zhai, *f1|

Markus Hsi-Yang Fritz,*t Nancy F. Hansen,*t Eric Y. Durand,*t Anna-Sapfo Malaspinas,®t
Jetfrey D. Jensen,®f Tomas Margues-Bonet,"**t Can Alkan,”t Kay Priifer,' + Matthias Meyer, 't
Hernan A. Burbano, 't Jeffrey M. Good >*1 Rige Schultz,? Ayinuer Aximu-Petri,* Anne Butthof,?
Barbara Hﬁber; Barhara HGffner,! Madlen Siegemund,® Antje Wethmann,® Chad Mushaum,®
Eric 5. Lander,® Carsten Russ,” Nathaniel Novod,” Jason Affourtit,” Michael Egholm,”
Christine Verna,”! Pavao Rudan,'” Dejana Brajkovic,'* Zeliko Kucan,'® Ivan Gusic'®
Viadimir B. Doronichev,* Liubov V. Golovanova,*® Cares Lalueza-Fox, ¥ Marco de la Rasilla**
lavier Fortea,”*q] Antonio Rosas,™ Ralf W. Schmitz,***’ Philip L F. Johnson, 2%t Evan E. Eichler,'t
Daniel Falush, ™% Even Bimey;f C M&E_‘S:T Montgomery Slatkin,*t Rasmus Nidsen®t
Janet Keko, 't Michael Lachmann, 't David Reich >4 Svante Pigbo®*t

Meandertals, the closest evolutionary relatives of present-day humans, tived in large parts of Europe
and western Asia before disappearing 30,000 years ago. We present a draft sequence of the Neandertal
genome composed of more than 4 billion nuclectides from three individuals. Compamsons of the
Neandertal genome o the genomes of fee present-day humans from different parts of the world
identify a number of genomic regions that may have been atfected by positive selection in ancestral
modern humans, including genes involved in metabolism and in monitive and skeletal development.
We show that Neandertals shared maore genetic variants with present-day humans in Burasia than with
present-day humans in sub-Saharan Africa, suggesting that gene flow from Neandertals into the
ancestors of non-Africans occurred before the divergence of Eurasian groups from each other,

— Fig. 1. Samples and sites from which DNA was retrieved. (A} The three bones from Vindija from which -
Meandertal DNA was sequenced. (B} Map showing the four archaeological sites from which bones were
used and their approximate dates (years BP.L



Genetic history of an archaic hominin

group from Denisova Cave in Siberia

Dravid Retch"?*, Richard E. Green™**, Martin Kircher™, Johannes Krause™, Nick Patterson®®, Ede Y, Durand®, Bence Viola®7,
Adran W. Briggs™®, Udo Stenzel, Philip L. F. Johnson®, Tomislay Maricie, Jeffrey M. Good?, Tomas Marques - Bonet"™ 1!,

Can Alkan'®, Qlaomel Fu®"?, Swapan Mallick™”, Heng 1i*, Matthias Mever”, Evan E. Eichler'”, Mark Stoneking®,

Michael Richards™, Sahra Talamo®, Michael V. Shunkov', Anatoli P. Derevianko®™, Tean-Jacques Hublin®, Janet Kelso®,
Montgomery Slatkin® & Svante Paibo®

Using DNA extracted from afinger bone found in Denisova Cavein southern Siberia, we havesequenced the genome of an
armchaic hominin to about 1.9-fold coverage. This individual is from a group that shares a common origin with
Neanderthals. This population was not involved in the putative gene flow from Neanderthals into Enrasians; however,
thedata suggest that it contributed 4-6% ofits genetic material to the genomes of present -day Melanesians. We designate
this hominin population ‘Dentsovans’ and snggest that it may have been widespread in Asia during the Late Pleistocene
epoch. Atooth found inDenisova Cave carries a mitochondrial genome highly similar to that of the finger bone. This tooth
shares no derived morphological features with Neanderthals or modern humans, further indicating that Denisovans

have an evolutionary history distinet from Neanderthals and modern humans. Tima |
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the Neanderthal bones



Miti voidaan analysoida genominlaajuisesti1?

Genomi- ja metagenomi-sekvensointi

RNA sekvensointi (mRNA, miRNA, IncRNA etc)

RNA rakenneanalyysit

Epigeneettiset muutokset (metylaatio, histonit, e1-histoni
proteiinit

Rakenteellisetmuutokset (SNP)

Genomien variaatiot (pan genomi)

Tuman protetinien ja DNA:n suuremmat organisaatiot
Evoluutio

Systeemibiologia




o Kitokset mielenkiinnosta




