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Kuinka solut kehittyivät?               Kolmenlaisia soluja
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Innovaatiojärjestelmät
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Solujen kohtalot
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Genomien koko
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Kuinka monta geeniä tarvitaan?
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Ihmisen kromosomit                          Kolibakteerin kromosomi
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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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Eukaryoottien geenien 
ilmentyminen
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THE CODE
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Amino acid side groups



Genomitutkimuksen historian lyhyt oppimäärä

• 1865 Mendel genetiikan perusteet
• 1953 Watson and Crick kaksoiskierre
• 1966 Nirenberg, Khorana, Holley geneettinen koodi
• 1977 Maxam ja Gilbert sekä 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 Ihmisen genomin draft versio
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• 2002 Hiiren genomi
• 2003 Ihmisen genomiprojekti loppui
• 2004 Ihmisen genomin valmisversio, rotta, kana
• 2005 Koira, simpanssi, ensimmäinen GWAS, HapMap 1
• 2006  ensimmäinen koko genomiin perustuva testi, 

merisiili, mehiläinen,  NCBI genotyyppi ja fenotyyppi 
tietokanta

• 2007 Han kiinalainen genomi, ensimmäinen 
henkilökohtainen genomi (Venter), ENCODE pilotti,  
Wellcome trust case. vs control tutkimus, ihmisen 
geneettinen variaatio, reesusapina

• 2008 Glioblastooman geneettinen tutkimus, syöpägenomi
AML), nokkaeläin, Yoruba (Afrikka) genomi, NGS 
genomi (Watson),
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• 2009 Korealaisen genomi, ihmisen metylaatiokartta, 
naudan genomi, MGC mammalian gene collection, 

• 2010 Nuffield council Bioetiikka julkaisu 
henkilökohtaisesta terveydenhuollosta, Miller syndrome
geeni paikannettu eksonisekvensointia käyttäen, 1000 
genomia projektin pilottiosuus valmis, Neadenrthal
genomi, modENCODE julkaisu, yli 1000 hiiren KO 
kantaa, UK Biobank 500 000 osallistujaa, 5000 GWAS 
tutkimusta julkaistu, Etelä-Afrikkalaisia ihimsen
genomeita

• Nature , 2011:470;204
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Genome Sequencer
(http://www.454.com/,http://www.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
• Emulsion PCR
• Picotiter plate, 3 400 000 wells

– Pyrosequencing 
• Detection with sensitive CCD camera
• Read length 400+ bp
• Run time ca. 10h 
• Raw sequence ca. 400-600 Mb/run
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454



Illumina/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 > 10 million clusters
– 1–8 samples / run

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

– Read length 35 - 100 bp, up to 30 Gb / run
• Run time 3 – 10 days, 

Cluster Station

Flow cell



Illumina/Solexa

SampleSample preparationpreparation
– 100ng–1 g

– Attaching to Flow cell
– Bridging

– PCR
Elongation

Denaturation
Clonal amplification



Illumina/Solexa sequencing

Sequencing
- First bases
- Fluorescent

reversible
terminators

- Detection
with laser
and CCD
camera

Sequencing
- Second 

bases 
detected after 
removal of 
label and 
blocking



SOLiD 4, Applied Biosystems
(http://www.appliedbiosystems.com)

• Sequencing by Ligation
– emPCR
– Attaching to glass slides
– Labelled probes

• Four colours
• 2 base encoding system

– Repeated ligation steps
– Detection with 4 Mpixel 

camera
– Read lenght 35-50 bp
– 1-2 slides / run
– 30 Gb / run/slide
– 500x10 6 reads/slide
– Run time 3.5 -14 days

SOLiD

Shendure, J.  et. al., Science 2005,
309, 1728-1732  



Fragment Library

Fragment sample
Randomly or Targeted

(e.g. sonication mechanical 
enzymatic digestion)

Ligate P1 and P2

+

Complex sample
e.g. genomic DNA TAG 
library PCR fragments 

Enriched DNA ChIP-seq etc.

P1 adapter TAG #1 (~200bp) P2 adapter
1µm
bead

F3: 50bp F5: 25bp 
(Paired-End)



The F3 SOLiD chemistry

• Properties of the F3 Probes

3’

T  CT  C n n n z z z 

Fluorescent dye

Cleavage site

3’ Ligation site 

1024 Octamer Probes (45)
4 Dyes 4 dinucleotides 256 probes per dye

Each dimer is encoded by a color
N= Degenerate bases Z= Universal bases

FAM    CY3    TXR    CY5

2nd base

1st
ba

se



SOLiD Chemistry System 4-color ligation
Step 2: the ligation reaction process

ligase
3’                                         p5’

universal seq primer 

Template Sequence 5’ 3’P1 Adapter

1µm
bead

1µm
bead

universal seq primer 
p5’

5’

3’ 5’

3’ 5’

3’ 5’

T A n n n z z z

T C n n n z z z A T n n n z z z

G G n n n z z z



ligase

SOLiD Chemistry System 4-color ligation 
Step 2: the ligation reaction process

ligase
3’                                         p5’

universal seq primer 

Template Sequence 5’ 3’P1 Adapter

1µm
bead

universal seq primer 

1µm
bead

p5’
T AT A

3’ 5’

3’ 5’

3’ 5’

5’
T A n n n z z z

T C n n n z z z A T n n n z z z

G G n n n z z z
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Metagenomiikka



to characterise the bacterial communities of the northern 
Baltic Sea by 454 sequencing
to determine the horizontal and vertical distribution and 
diversity of the bacterial communities
to determine how the bacterial community structure is 
regulated by environmental factors such as depth 
(pressure), oxygen concentration, pH, salinity, temperature, 
and nutrient concentrations

30

Aims of the study
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Patchiness

All the samples were different: 
from 1390 different OTUs only 
11 were present in all samples  
less than 1% of observed OTUs 
present in all samples  
substantial patchiness in 
distribution of the bacterial 
communities in the study area

Samples taken from same 
depth but different sites were 
more similar than samples from 
different depth but same location
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Mitä voidaan analysoida genominlaajuisesti?

• Genomi- ja metagenomi-sekvensointi
• RNA sekvensointi (mRNA, miRNA, lncRNA etc)
• RNA rakenneanalyysit
• Epigeneettiset muutokset (metylaatio, histonit, ei-histoni

proteiinit
• Rakenteellisetmuutokset (SNP)
• Genomien variaatiot (pan genomi) 
• Tuman proteiinien ja DNA:n suuremmat organisaatiot
• Evoluutio
• Systeemibiologia
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• Kiitokset mielenkiinnosta
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