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 régiok, genetikai elemek és
jellegek eloszldsdban (pl. HOX klaszter - ,repeat poor")

~ 30-40.000 gén, komplexitds és alternativ splicing

komplex proteom, vertebrata-specifikus domén osszeszerelés
horizontdlis géntranszfer, transposable elemek inaktivdcidja
kromoszdéma szegmentdlis duplikdaciok (pericentromer, subtelomer)
meiotikus mutdcids rdta férfiakban és nékben

rekombindcids rata eloszlds a kromoszéma karokon

tébb mint 1 milli6 SNP, genome-wide linkage mapping
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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



Universal Landmark

Sequence Tagged Site (STS) 1989

Replaces cloned DNA probe mapping landmarks with PCR assays.

Each STS is uniquely described by a pair of oligonucleotides, a product size, and
PCR reaction conditions. Can be stored and distributed electronically.

Enables merging of mapping data obtained from many labs using many different methods
into a single consensus map of landmarks along a chromosome.

Eliminates the need for huge collections of cloned probe segments upon which
prior maps depended.



Meiotic Breaks — Genetic Linkage Maps
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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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Sanger-szekvendlds

Base O Base

H
H
OH OH OH H
Ribonucleosida Deoxyribonucleosida Dideoxyribonucleosids
triphosphats triphosphata triphosphate
iMTIF (M TF] fddM TR

Molecular cell biology, Lodish



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 —»

3" -CAGCTGACTTGTAAACACGTACGTAGCTAG -5
3" -CTEACTTGTAAACASTACETAGCTAS-5"
3" -CTTGTAAACAGTACETAGCTAG-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

271 2 Seguence is read by noting peak

color in electropherogram
W/NWM (possessing single base resolution)
M =

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



DNS szekvendlas: Technologia és Bioinformatika

N\

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
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(A)
16189T Good quality sequence

(B) Poor quality sequence
|m- 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 m e m > m— e o e e e e >
e P— e —
D G B <+—
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



.Shotgun” genom szekvendlasi stratégiak

1. .chromosome walking"

2. Whole genome shotgun 3. Hierarchical shotgun

Random ‘ ‘ ‘
reads o :
Lo owmr sm wwy sm wwy oaw oy FERY o wel le owe
| Pagf% Bagn Dagmn Dot Dogfn Doy B | Iy | I, | |-\,‘..Il.| |'u"'\-|
s e Dt T Dy Ty 1ot 41 R4 g I By
s il e B %
|_'_'|"_ U R LT L L Y b l"l _|__| l_l__..] |_|__

Ldod = L] 1]
Sk — M

| | Genoms | |
assembly

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

Fingerprint clone contig
Pick clones for sequencing

E —— —— —

A

Sequenced-clone contig —— B —

—,

Sequenced-clone-contig scaffold
Sequence to at least draft coverage

l Sequenced clona B

Initial seguance Conti
Merge data =q E

Merged seguence contig

Crder and orient with mRNA, paired end reads, other information

Sequence-contig scaffold

International Human Genome Sequencing Consortium: Initial sequencing and analysis of the human genome,
Nature 409, 860 (2001)



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
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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

" 'H_\:,f:_\-%f Sequence Each Fragment
e —H{’(C(‘é_ e, with Shotgun Approach

GCATTTCGAGTTACC TG GACARCCAG TG GCTTGATTGGCCARTARTAGTATAT

COAGTEGTACTGAGGACGEARGAGGCTTGA

Allen Contiguous Sequences
GCATTTCGAGTTACC THGACARCCAG TSG THC TGAGGACGCARGAGGE TTGA TG GECAATAATAG TATAT

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
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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
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Kromoszoma térképezés

Kbp
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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



Humadn Genom Projekt
- eredmények

+ Tervezett 15 év helyett 2003-ban fejez6dott be

- 2001: draft szekvencia publikdldasa (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, az adatok kutatdsa és hozzdférhetdsége
(annotdlt genom szekvencia adatbdzisok)
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gene's sequence. On a real microarray, each spot is about 100 wm in diameter,
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predicted exon on chromosome 22
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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 Sequencing -

Massively Parallel Sequencing of clonally
amplified (or single) DNA molecules

-Process millions of sequence reads in parallel
-Library preparation

-Specific adaptor oligos

-Little volume DNA template

-Produce shorter read lengths (35-400 bp)
-100 Mb to several Gb nucleotid sequence



Piroszekvenalas:
chemiluminescent detection of pyrophosphate

Enzimek: Vegyuletek:

Klenow fragment Adenozin-foszfoszulfat (APS)
ATP szulfurilaz D-luciferin

Luciferaz Templat

Apiraz Primer

dNTP-k egymas utan adva

Polymerase
(NA),_ + Nucleotide > (NA)n . +PPi
ATP sulfurylase
PPi + APS > ATP + 5042'
o Luciferase
ATP + Luciferin + O, » AMP + PPi + Oxyluciferin + CO, + Light

Ronaghi M (2001) Genom Res



Piroszekvenalas
dCTP

Light signal intensity

A

ﬂ~-— ACTT TGAA
T

C G
Added dNTP

Pyrogram ——» Sequence of
synthesised DNA

—» Sequence of
template DNA

Ahmadian A (2006) Clin Chim Acta



A 4G T 2G C T 4G 2T G C A GIT ' G

A G T C A G TUCAOGTTCAUGTTC AGTTCAGTC A G

Ronaghi M (2001) Genom Res



Roche/454 sequencing technology

2005. 454 Life Sciences cég fejlesztette (GS 20)
Mycoplasma genitalia 580 kb genom, 99.96% pontossdg

2007. Roche Applied Science (6S FLX sorozat)

Genome: Sequencer FLX




Minta eldkészités
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Select for fragments
With an ‘A" and ‘&' adapter

Attachment to ‘ « \__

Sequence & -
Analysis

solid surface

DNS fragmentumok torése (néhany 100 bp)
End-repair
Adapterek ligdlas



Roche/454 sequencing technology
Klonadlis amplifikacio

Emulsion PCR

Mikroreaktorok
Viz-olaj emulziéban

o '\.-"- \ F\ -

Tobb millié képidja egy fragmentumnak

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

Each bubble 1n the emulsion will potentially contain a different fragment.

NHGRI Current Topics in Genome Analysis 2010 February 9, 2010
Week 5: Next-Generation Sequencing Technologies Elliott Margulies, Ph.D



Roche/454 sequencing technology

Picotiter well plate betdltés

3,4*106 lyuk
Pikoliteres szekvendlé reakciok

Instead of 96 reads/run, there are hundreds of thousands.
Packing beads and enzyme beads

Ansorge (2009) New biotechnology



Roche/454 sequencing technology

Szekvencia meghatdrozds piroszekvendldssal

g Signal image

Sulfurylase

DNA Capture Bead o

containing millions of
copies of a single

clonal fragment Light + oxy luciferin

Ansorge (2009) New biotechnology



Next Generation Sequencing - Roche 454 platform

Roche (454) GSFLX Workflow:
Library construction

Emulsion PCRH

PTP loading

f—?:‘—I
ILE

{ q
? }5
DMA capture bead

comdaming millions
of copies of a single
clonally amplified
Iragmnl

-

A
APS
Anneabed
FP,  primer
ATP
\_/_*_Lﬂ:ilerin

Light + Oxy Luciferin

fed
Sulfurylass
Luciferase

Pyrosequencing reaction

TRENDS in Genetics




Illumina/Solexa sequencing
Minta el6készités

A) DNS fragmentdlasa (néhany 100 bp)
B) Végek javitdsa, A tdlnydlo vég kialakitasa
C) Adaptor ligdldsa (T tdlnydlé vég)

Ansorge (2009) New biotechnology



lllumina/Solexa sequencing
Klonalis amplifikacio

E
8

g
g

Adaptor modified DNA strand hybridized to
oligonucleotide anchor

=

'
o6
4

Ciuster generéted by
bridge amplification

Denature,
cleave
r—l

Klon clusterek
1000 képia

50x106 clusters

PCR reakcié kihorgonyzott
primerekkel
Bridge amplifikdcio

[HETOOOGHGO0K

Sequencing of forward
strands

Voelkerding (2009) Clin Chem



lllumina/Solexa sequencing

Szekvencia meghatarozas szintézis soran

"POL\; g
@

| Fluor
'© Incorporation 3 cleavage
 — —_—
Block
removal 1. Reagensek hozzaadasa
2. Nukleotid beépulése
Template 3. quas _
strand 4. Szignal detekcio
5.

Sequencing by reversible dye terminators Fluorofor és a block eltavolitasa

Fluoreszcensen jeldlt reverzibilis terminatorok
Mind a 4 nukleotidot egyszerre adjak a reakcidba

Voelkerding (2009) Clin Chem



lllumina/Solexa sequencing

A fluoreszcens szignal észlelése

Voelkerding (2009) Clin Chem



SOLID: Sequencing by Oligo Ligation and Detection

- Kémiai hasitds, amplifikdlds és ligdlds

Genomi DNS
e ——
Konyvtdar gydrtds
Randomly shear DNA v
el
End polishing, Zz
Ligate adapters Limited PCR amplifies
/ only correct libraries
/
/-
=0~ ,
F . N .E;:.
/ T ' " \
I".
\" b Beads covalently

attached to slide

Komplementer adapterek



Applied Biosystems - SOLiD

Szekvencia meghatarozas ligalassal!

Color-Space Coding

Second base PrOba
Interrogation thes A G T OC’[ameI’
TrrrrTrr” A 2 proba specifikus bazis
I '| V4|
YTTannzzz c 3 3 degeneralt bazis
b' TTTTTT .-.K G2 3 univerzalis
TITEIN _/. ’ Fluoreszcens jel6l6
l‘l nnze 2 T

ATHI‘II‘IIZZ

Cleavage Site . o
Primer hibidizalasa az adapterhez
Emulsion Bead Ligase T s
& 0 Termostabil ligaz
l s Primer n W Probak: mind a 16 féle kombinacio
A S ”LIIIl]IIIl]IIIIII.IIIIIIIIIIIIIIIIl3, ngélés
Template 4
cleavage o ; Mosas L,
- = Jel detektalasa
; Primer n ATnnn : o, .
*TTTTTTIT T I I T T TP Hasitds — 3 nukleotid
B IR NN NN EENNNESNENNENENREEENE Ny
P1 Adapter TA 3

Template Voelkerding (2009) Clin Chem



Applied Biosystems - SOLID

Ligase
5 Primer n AT TTnnnzzz o
C AR RN R RN N RN NN EEENEEN NN NEEEEENEEEEN
' P1 Adapter TA AA 3
Template
5 Primer n AT TE GT 3 CA GC
D NERRIREE RN RN RN NN NN NN ENEEEENEEENENEE NN NEN )
' P1 Adapter TA AA CA AA GT CG 3
: : Template
Ujabb préba ligalasa

7-szer zajlik le ez a ciklus

Voelkerding (2009) Clin Chem



Applied Biosystems - SOLID

Ligase
” Primer n AT TTnnnzzz o
C AR RN R RN N RN NN EEENEEN NN NEEEEENEEEEN
' P1 Adapter TA AA 3
Template
Primer n AT i GT TT CA GC

v

3
TUTTTTTTITT T I I I eI T I I I T I I IrrrrTT
D .H!llIIIHI.IIIII]lllII[lIIlIIIIIIlIIIIIIIIIIIIIHIIIlII

P1 Adapter TA AA CA AA GT CG 3
Template

; Primer n-1 AAnnnGTnnnzzz ()

3
E .IiliiIII!IIIilIIIIIiIIIIIIIIIIIIIIIIIIIIIIlIIIIIIII[III

3I

P1 Adapter TT CA
T T Template
Denaturalas Second interrogation of base
Uj kor inditasa n-1 adapter primerrel Minden nukleotidra 2* kérdez ra
5 kor

Voelkerding (2009) Clin Chem



(a) Solid sequencing process
{;.

nnn R nnnEGezr
| ¥ {h. ¥ ﬂ
Urniversal primer g mm L

iy o anan R ERRRNRRRRRRRIRN
Sbwed " e P1 Adapter Template sequence ¥
Round Ligation cyche
1 2 3 4 5
Univarsal Saq Primear
’ = FTTTITTm @b BHO 14,15 1920 24,25
- P i | | |
Resat Y Universal Seq Primer n-1 | = \
) 3 Syd | iax:ze_u 13,14 18,29 23,24
|

Resst ¥ Universal Seq Primer n-2 |

3 = ITITm 23 78l W3 17 2229
Universal Seq Primer n-3 b

1
s MTTTm 12 67 11}

¥ Univarsal Sag Primar n-4

1
FReset 7 |

2 16,17 21,22

Reset

ol

01 B8 1011 15,16 20.21

oh

(b) Principles of two base encoding

Aeference ACGGETCGEGTCGEGTGTGCGET

oo Em | s
2 bage probes | NN NN S N N N

Sequence 1 éééééééééé Wild type = ACGETCCTCOTGTGEGT
Sequance 2 é’é%éééééé %;l:;d‘nanga = ACGGTED COGTETACAT
Sequence 3 %é%éééééééé 1colorchange ™ ACGGTOGTOGTGTECGT

= gfmar

Sequence 4 %é%ééééééé Incomect color —*™ ACEETCETCGTETECGET

B L DL DT TD ST LT B el pe—

TRENDS i Genatics




Next Generation DNA Sequencing: SOLID
- Kémiai hasitds, amplifikdlds és ligdlds

Accuracy: 99.99 %

Read Position |0[1]2|3|4|5|6| 7| 8|9 |10[11[12{12]14]15|16[17|18|19]20|21|22] 23| 24]25| 26 27 28] 2| 30]
- 4 Uni'.;t_arsal seq primer (n) ele olo] 0 .o
TITITTTTITTYTYY i
g - 32 Uni-.rer}:.;_alﬁeq primer (n-1} ale ele sle . e
AR
- < 5 niversal seq primer (n- A s 1 = S :
& TITIITITITTITINIT
% & 4 Uanu;Mﬂ ‘._ - ae oe LN LIL
g 5 Uniuarﬂgai seq primer (n-4) | als .;. als e
ad
r_ — — - -
3 # Indicates positions of interrogation Ligation Cycle 12 3 2 B & B
3

Takle 2, 4B S0LI0D eycle number descrintions

Cycle number  Universal primer postion  Base posiions identified  Probe set” Posithons interrogated

1 n 45 NMMAANMN-l  510,15,20,25
2 n-1 45 MNMMATMNR-fL  4.914,19,24
3 n-2 45 NMMACNNM-l 38131823
4 n 12 ABNMNANNN-Tl 271217 22
5 n-1 12 ATHNNANNN-TL 16111621

a  * position of cleawage on each Bmer, whereas flindicates the position of the flusrescent group onthe Smer.




Tahle 1. Comparing metrics and performance of nesd-generation DNA sequencers

Flattorm

Rochel454) Whaming SOLID
Sequencing chemistry Pyrosequencing  Polymeraze-bazed sequencing- Ligation-based

by-zynthesis Seguencing

Amplification approach Emuision PCR Bridge amplification Emulsion PCR
Paired endsizeparation  Yes/G3 kb yes200 bp Yesid kb
hbrin 100 Wiy 1300 Mb 3000 kb
Timehun (paired encs) Th 4 days S days
Read langth 250 bp 32-40 bp 35 bp
Cost par run (total 55439 $E950 F17 447
direct™
Cost per Mb $54.39 sa97 581

a  Total direct costs include the reagents and consumables, the labor, instrument amortization cost andthe dis¢ storage space requened for

data storagesaccess,



DNS szekvenalas félvezeton: Ion Torrent

- 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

Drain Source To column -

Silicon Substrate St I'J__LE[MJhLMhLJmHh [“1“[|||“LJJ||H1|JH; MIJI 1 M

e



DNS szekvenalas félvezeton: Ion Torrent

c
4
3 L
(7]
= 1]
gt
m
L L T L
oLl 1 Il Al
4.0 20 Flow 40
3
ol
L]
@2}
o el
| Iif
5 10 1520 25 30 35 40 45 50 1 2 4 7 0
Time {s) 50 70 Flow 30
Table 1 | Vibrio fisheri, E. coli, Rhodopseuomanas palustris and Homo sapiens
V. fisheri R palustris E. coli E. colf E. coll H. saplens
GC content 38% 659, 519, 519 51% 419,
Genome size 4.2 Mb 5.5 Mb 4.7 Mb 4.7 Mb 4.7 Mb 29Ghb
Number of runs x ion chip size 1x1.2M 1 x12M 1 =x12M 1 x61M 1=x11M 1601 x1.2M
267 <6.1M
2Ex11.1M
Fold coverage 6.2-fold 6.9-fold 11.3-fold 36.2-fold 58.4-fold 10.6-fold
Coverage 96,804, 99,64%, 99,994, 100.00%, 100,009, 9921%
Reads =21 bases 261,313 444 750 507,198 1,852931 2,594,031 366623578
Reads =50 bases 233,049 399,360 487,420 1,608,852 2,343,880 306,042,650
Feads =100 bases 156,391 160,726 400,743 1012918 1,779,237 139,624,090
Mapped bases 260Mb 37.8Mb 47.6Mb 169.6 Mb 2739Mb 302 Gb

Coverage shows percentage of genome covered based on one or more reads mapping to each base of the reference genome, Reads align with 98% or greater accuracy

JM Rothberg et al. Nature 475, 348-352 (2011) doi:10.1038/nature10242



https://www.coursera.org/course/genomescience

& Penn

Experimental Genome
Science

John Hogenesch and John Isaac Murray

Each of owr cells confains nearty ikdentcal coples of our genome, which
provddes instructions that abow us to develop and function. This course
serves a5 an infroducton to the main lEboratory and theorebcal aspects
af genomics and i3 dhvided into themes. genomes, genetics, functional
Qendmics, Systems ology, singhe Cell approaches, profeomics, and
applications

Workload: 6-8 hoursfesek
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