GENOMIKA

genomszekvenadlasi stratégidk

ELTE TTK Genetikai Tanszék



A genetikai informdciotartalom megismerése

I. negyed: sejten beliili funkciok, kromoszomak
(Miescher, Flemming, Mendel, Sutton, Morgan, stb.)

IT. negyed: az oroklodés és a sejtmiikodés molekuldris
alapjai (DNS kettds hélix)

III. negyed: az 6roklédés és a sejtmiikodés bioldgiai
mechanizmusai (transzkripcid, transzlacio, enzimek)

IV. negyed: géntérképezés, gén- és genom
szekvendlds, bioinformatika (6enomika tudomdnyag)

Az él6 egyedtdl a miniatdren at a holisztikdig

Genom szekvendldsi projektek: Genomika és Proteomika



A human genom szekvendlds els6 eredményei

els6 gerinces genom, eukromatikus régié ~ 96 %-os fedettség

nagymértéki variabilitas a kiilonb6z6 régick, genetikai elemek
és jellegek eloszldsdban (pl. HOX gén klaszter)

~ 30-40.000 gén, komplexitds és alternativ splicing

komplex proteom, domén 6sszeszerelés

horizontdlis géntranszfer, transposable elemek inaktivdcid ja
kromoszéma szegmentdlis duplikdciok

meiotikus mutdcios rdata férfiakban és nékben
rekombindcids rdta eloszlds a kromoszéma karokon

t6bb mint 1 milli6 SNP, genome-wide linkage mapping



Human Genom Projekt
- elozmények

Elsé kezdeményezés: 1980-as évek eleje
orvosbioldgiai megkozelités, infrastruktirdlis beruhdzds
Folyamatban [évé genom szekvendlasi projektek
A-fag, SV40, humdn mitokondridlis genom

* Genetikai és fizikai térképezések

Botstein et al., 1980; Olson et al. és Sulston et al., 1986;
DNS-szekvendldsi technoldgia és bioinformatika
shotgun sequencing, automated sequencing, ESTs, STSs,
NRC Report 1988, US DOE, NIH,

genetikai és fizikai térkép, parallel projektek modell
organizmusokon, technoldgiai fejlesztések, bioetika
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Human Genom Projekt
- célok

A teljes emberi kromoszomdlis DNS szekvencia

meghatdrozdsa

Szekvencia adatbazisok kialakitdsa
(bioinformatika)

Az emberi genom 0sszes génjének azonositdsa
és leirasa (Uj gének, géntipusok meghatdrozdsa)
DNS-szekvenalasi technoldgia és

adatfeldolgozds fejlesztése



- Celera Genomics:

Human Genom Projekt
- résztvevok és modszerek

HUGO: Human Genome Organization

US DOE és NIH, UK MRC és WTSI, CEPH , FMDA, Japadn,
Eurdpai K6zosség (éleszté genom), Németorszdg, Kina

1990-1995: genetikai és fizikai térképezés

betegség gének, fizikai pontok fixdldsa, modell szervezetek
large-scale sequencing: két fdzisd ,shotqun” szekvendlas
2001: draft genom szekvencia, 2003: teljes genom szekvencia

Applied Biosystems., TIGR (C. Venter)
1998-2001: ,whole genome shotgun”
ABI PRISM 3700 DNA Analyzer

Technology speeds science. ABl sequencers
at Venter Insitute, 2007.



Human Genom Projekt
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5 - CTAACTCEACTGARACATTTETCATECATCGATC -3
3 EATTCAGCTEACTTCTARACACTACGTAGCTAZ-5"
3" -ACTACETAGCTAS-5"

Sequencing primer

1

3’ - EATTCAGCTEACTTECTARACACTACETAGCTAG-5"
3" - @CTEACTTETAMMCASTACITASCTAR-5"
-G 3" - EACTTETAAACAGTACGTAGCTAG-51
3" -@TAAACAGTACGTAGCTAG-5

3 L ATTCACCTGACTTGTAAACACTACSTAGCTAG -5
314 e AQCTGACTTETAAACACTACATAGCTAR -5

3" - RCTTGTAMACAGTACGTAGCTAG -5 1

3" -ARMCAGTACGTAGCTAG-5"

A - KACASTACETAGCTAG-5"

3 NCAGTACGTAGCTAG=-5"

L A —p

3" -TTCAGCTGACTTGTAAACASTACGTAGCTAG -5
3 TCAGCTEACTTGTAAACAGTACGTAGCTAG-5"
3" - PGACTTGTAAACAGTACGTASCTAG-5"

3 - PTTCTAAAMCAGTACOTAGCTAG-5"

A _PCTAAACACTACCTAGCTAS -5

3" TAARCAGCTACGTASCTAG-51

- T —»
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3" -CTEACTTGTAAACASTACETAGCTAS-5"
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BigDye Terminator DNA Sequencing

DNA template 3" -TAAATGATTCC-5"'
5’—O-OA-.C.>......>3’

Primer
anneals

AT@ Extension produces a series of
ATT @ ddNTP terminated products
ATTT @ each one base different in

lenath
ATTTA® g

ATTTAC@® Each daNTP is labeled
ATTTACT @ with a different color

ATTTACTAO® fluorescent dye
ATTTACTAAO

ATTTACTAAGO
ATTTACTAAGGO

ATTTACTAAGG

/U 4 Sequence is read by noting peak

color in electropherogram
WW\ (possessing single base resolution)

Figure 10.5, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



(A)
16189T Good quality sequence

(B) Poor quality sequence
|- s mmmoes (two length variants out of phase)

S ‘}-"-IQ' %" ‘L.e-" A gl o b A e A .1'-.-:-"- REAA

HV1 C-stretch

©) Primer strategies typically used with C-stretch containing samples

C-stretch C-stretch
m—p - oo > —_— oo »
— - oo em e e > — e o ee e e >
e P— P p—
D G e <+—
Use of internal primers Double reactions from the same strand

Figure 10.7, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press
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Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press



DNS szekvendlas: Technologia és Bioinformatika

\

Capillary filled with
polymer solution

Laser

Detection
window

- 5-20 kV +
(cathode) (anode)

Outlet
Inlet
Buffer Buffer
Q

SIS

Data

Acquisition
Sample tray

Sample tray moves automatically beneath
the cathode end of the capillary to
deliver each sample in succession

Figure 10.9, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press






.Shotgun” genom szekvendlasi stratégiak

1. .chromosome walking"

2. Whole genome shotgun 3. Hierarchical shotgun

Random ‘ ‘ ‘
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Figure 2.11. Assembling genomic data using the hierarchical and whole genome shot-
gun approaches. Adapted from Waterston, Lander and Sulston (2002), with permission

RJ Reece: Analysis of Genes and Genomes, 2004



Hierarchical Shoteun Sequencimg Method

4

ﬂﬁé\‘\_l?l BAC Library
~ e

" —

Create Contie Map

sequence Each Contig
— with Shoteun Approach

— U=
T \‘if{: Wwﬂemes

GCATTTCGAGTTACC TG GACAACCAG TS GCTTGATTGECCARTAATAGTATAT
CCAGTGGTHC TSAGGACGCAAGAGGCTTGH

GCATTTCGAGTTACC T GACAACCAG TG G TAC THAGGACGCAAGAGGC TTGATTG G CCAATAATAGTATAT

Generate Finished Sequence



Genom szekvenciavaz osszeallitasa

d | Al
-'E:" 87 EE'I %— N 3
M G g B3 end-to-end Bl . Bl
A B alignment : OK -
V E e, , B2
- =
gt g ¥ ey
alignment in
middle only : not OK £
d
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International Human Genome Sequencing Consortium: Initial sequencing and analysis of the human genome,
Nature 409, 860 (2001)



Whole Genome Shotgun Sequencing Method

-"1._

e Genonue DA

-—*_i 'H_\_—_,rjﬁ sequence Each Fragment
e __FJ{,(Z(_{ e with Shoteun Approach
GCATTTCGAG TTACCTGGACAARCCAG TS GCTTGATTGGCCAATAARTAGTATAT

CCAGTGGETAC TGAGGACGCARGAGGC TTGA

Allgn Contiguous Sequences
GCATTTCGAGTTACC TGGACARCCAG TEG TAC THAGGACGCARGAGGC TTGA TG G CCAATAARTAGTATAT

Generate Finished Sequence



Teljes genom dsszeszerelés

STS
Mapped T — USRI R . | S———— A L i e
waflfolds: R " S——— e — T —
Etﬂrﬂ ds =i | ﬂ-di;?— e I —r— .a—lﬁ;— .
Scaffold: ‘ | 1
Read pair (mates) (zap (mean & std. dev. Known)

Contie: —— S— Consensus

".._:-- — T i ;

/ e _%-_ —__ Rcads(ofscveral haplotypes)
-1__ =)
500-600 bp
® SNPs

= BAC Fragments

Fig. 3. Anatomy of whole-genome assembly. Overlapping shredded bactig fragments (red lines) and
internally derived reads from five different individuals (black lines) are combined to produce a
contig and a consensus sequence (green line}. Contigs are connected into scaffolds (red) by using

mate pair information. Scaffolds are then mapped to the genome (gray line) with STS (blue star)
physical map information.

JC Venter, et al.: The Sequence of the Human Genome, Science 291, 1304 (2001)



STS genom térképezés

A B

Clone 1:

Clone 2

Figure 9.5. Aligning clones by STS mapping. Each clone contains several STSs. Clone
B, C and D). Clone 2 also contains STSs C and D. Therefore clones 1 and

[ L i |"' I CEH B e £ | |||I =
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FIGURE 1.3 » Relationships of chromosames to genome sequencing markers. “ha

¥ chromasoms is apout 183 Mo in length. In this diagram, shere ars 16 overlapping BAC slones
that sprar tha antire angll e realty, 1408 8ADs ware raadded 10 span the X chomosore
Arrows (top) mark 5T5s scetered througout Te choomasoms and on ovarlappirg BaCs.



Kromoszoma térképezés

Kbp
cM Mb 0 1
P EcoRl J
0— —0 z
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Figure 9.3. The different types of cytological, genetic and physical map of a chromo-
some. Genetic map distances are based on crossover frequencies and are measured in
centiMorgans (cM), while physical distances are meusurza in megabase pairs (Mbp) or
kilobase pairs (kbp)

RJ Reece: Analysis of Genes and Genomes, 2004



Szekvencia térképek dsszehasonlitdsa

89Mbp 90Mbp 91Mbp 92Mbp 93Mbp 94Mbp 95Mbp 96Mbp  9.7Mbp

5.1 "\.Thp 5.2 "‘-.H1|1 5.3 "'..1h]'u 5.4 "'-.H'||1 5.5 "\.Thp 5.6 "l.”'l|'|- 5.7 "'..'Ih;'n 58 "-.H'||1
JC Venter, et al.: The Sequence of the Human Genome, Science 291, 1304 (2001)
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Human Genom Projekt
- eredmények

+ Tervezett 15 év helyett 2003-ban fejez6dott be
- 2000-2001: draft szekvencia publikdlasa (Science, Nature)

+ Tobb személy genomjabdl nyert DNS szekvencia

- személyi DNS mintdk és sejtvonalak

* Megengedett hibardta 1 / 10.000 (99,99 % pontossdg)
+ 4-5 X lefedettség, gapek lezdrdsa (heterokromatin)

+ Folytatédé genom projektek, annotdcio, adatmegosztds:

- pl. Ensemble, Human Genome Diversity Project, stb.



Genom szekvendlas: Technoldgia és Bioin
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Genomic Biology
Search All Databases (Entrez)

Organism (type) Web site(s)

Browse your Genome

Click on the Chromosorme to ‘ Human
show =

Genes [+

Escherichia coli (bacterium)
Bacillus subtilis (bacterium)

Saccharomyces cerevisiae (yeast)

www.genome.wisc.edu
genolist.pasteur.fr/SubtiList

Genome

Resources

123456758
genome-www.stanford.edu/Saccharomyces

A challenge facing researchers today is that of piecing together and anakyzing the

plethora of data currently being generated through the Human Genome Project

and scores of smaller projects. NCBI's Web site serves an an integrated,

one-stop, genomic information infrastructure for biomedical researchers from

around the world so that they may use these data in their research efforts. More

SONRIBUISE

Caenorhabditis elegans (nematode www.wormbase.org

w02 xY

worm)

niacens | | ETE O —— : : e
Searchor] S .y Drosophila melanogaster (fruit fly) flybase.bio.indiana.edu

from  Homo sapiens Iu

A new database of genes and
associated information is now
available for searching in Entrez.

A guide to human genes and inherited
disorders maintained by Johns |
Hopking University and collaborators.

Arabidopsis thaliana (plant)
Muis musculus (mouse)

www.arabidopsis.org

» dbSNP

A database of single nucleotide
polymarphisms (SNPs) and other
nucleotide variations

» dbGaP

The database of Genotypes and
Phenotypes (dbGaP) was developed
to archive and distribute the resuits of
studies that have investigated the
interaction of genotype and phenotype

The NCBI Handbook
BT An online guide to the

www.informatics.jax.org

=] use of NCBI resources,
o %4 Titles of selected
chapters that refer to
human genome resources are

Homo sapiens (human) www.ncbi.nlm.nih.gov/genome/guide/human/




Genom szekvenadlds: Technologia és Bioinformatika

dj algoritmusok és statisztikai eljdrdsok az
adatbdzisokban rejlé informdciok, viszonyok,
kapcsoltsagok feltdrdsadra

DNS és aminosav szekvencia-analizis, szekvencia-

homoldgidk, protein domének és szerkezeti vdltozatok
a kiilénboz6 tipusd és eredeti informadciok
menedzselése, azadatok kutatdsa és hozzdférhetdsége
(annotdlt genom szekvencia adatbdzisok)
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Two 60-mer probes selected for every
predicted exon on chromosome 22
6 predicted exons
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¥ Consistent with predic 1'02—1)‘36;?&@']
Chromosome 22 1BAC 6 predicted 2 probes o of exon 3
BeXONns per exons d) Splice site derived from tiling data.

5" GGGTCCTCCCACCCCAACTCTTCGTTCCCC[AGIGAGGAGATGCTTIG

Splice site Sequence of exon 2
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BRCA1 és BRCA2 gén resequencing

- mutdcidok diagnosztikai céld azonositdsa

BRCA1 és BRCA2: 23 és 27 exon (80Kb)
Nincs el6 screening: SSCP, DGGE, dHPLC, stb.

Egy minta - egy assay koncepcié

Gyors, pontos, teljes lefedettséget ad

Nincs kereszt kontamindcio

BRCA1 és BRCA2: 34 és 47 amplikon
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Next Generation DNA Sequencing: SOLID

- Kémiai hasitds, amplifikdlds és ligdlds
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Komplementer adapterek



Next Generation DNA Sequencing: SOLID

- Kémiai hasitds, amplifikdlds és ligdlds

Ligation and Imaging Exﬂ'{: ‘j?lere&oe hee
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DUAL INTERROGATION OF EACH BASE

Primier Hownd
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Next Generation DNA Sequencing: SOLID

- Kémiai hasitds, amplifikdlds és ligdlds
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Ciklikus ligdlds és primer annealing
Pontossdg: 99.99 %



True Single Molecule DNA Sequencing: Helicos
- PCR amplifikdlds nélkil

Position
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DNS szekvenalas félvezeton: PGM

- hipergyors real-time szekvendlds

Micro-machined wells

lon-sensitive layer

Proprietary lon senser ————=

Nucleotide incorporates
into DNA

Hydrogen ion
is released




DNS szekvenalas félvezeton: PGM

- hipergyors real-time szekvendlds

DNA - lons - Sequence

- Nucleotides flow sequentially over lon
semiconductor chip

- One sensor per well per sequencing reaction
- Direct detection of natural DNA extension

- Millions of sequencing reactions per chip

- Fast cycle time, real time detection

Nincs PCR, fényextinkcio, kamera, stb.

Sensing Layer
Sensor Plate

Helyette pH mérés mikrofluidokban
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