Genomika

Hogyan vadltoztak az elképzelések a genom
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dj generdcids genom szekvendldsok (NGS)
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Human genom: ... valahol a csirke és a sz6l6
kozott?"
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Elsé becslések a genom méretérél és a gének szamardl

1964: F. Vogel (Heidelberg)

-Hemoglobin a és p ldnc
-leegyszerisitett feltevések
-Haploid genom: 3 x 10 bp

-Gének szama: 6,7 millio !

1990: NIH/DOE report on Human Genome Project
- becslés: 100 000 gén, az atlagos gén méret (30 000 bp) alapjan

2001, Human Genome Project: csokkend génszdm, novekvé bizonytalansag




A génfogalom fejlodése: mit neveziink ma egy génnek?

A Gén fogalmadnak jelentds dtalakuldsa az elmdlt szdaz esztendében:
protein/RNS kdédolds, intron/exon fogalom, szabdlyozé funkciok, stb.

Gén - 1950-es évektdl
- a kddoldsi szabdlyok felismerése
- a DNS azon szakasza, amely egy transzkriptum
(MRNS, rRNS, snRNS, 1RNS, ...) atirdsdért felelés genetikai
informdciot tartalmazza

ORF - open reading frame (nyitott leolvasdsi keret)
- 1990-es évektdl (genomika korszaka)
- gének annotdldsa: bioinformatikai modszerekkel
prediktdlnak transzkriptumok datirdsat végzé DNS
szakaszokat (konzervdlt szekvencia motivumok alapjan)

Egy gén a genetikai dllomdnyunk jél korilhatdrolt szakasza, mely mRNS-ként
atirodik és egy v. tobb fehérjét kddol. (pl. alternativ splicing: izoformadk)



Human Genom Project (HUGO)

Elsé kezdeményezés: 1980-as évek eleje

orvosbioldgiai megkozelités, infrastruktirdlis beruhdzasok
Folyamatban Iévé genom szekvendldsi projektek

A-fdg, SV40, human mitokondridlis genom

+ Genetikai és fizikai térképezések

Botstein et al., 1980; 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.



3. Screen library with existing markers
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C. Screen library with new markers

oo D0 Do ODeE O 00 o O % ®OCoOoOe [ s]
§ I ETH NN 1| T T | Ll 1 L I Ll Ll Ll | L L
T T TITITe L T T 1 I I T I I
' ——— . *]
(-

— - —

-—a—a
—a--00-8
>——00— -
:— ="
—— gt Tt 4
—me—e» — - —
——— —.-—
d, Determine tiling path
o0 L] sr 8 ] DO ODeld O oo O O ® 3OO o o
! H | 111 ] 1L I - Ll ] | [l 0 | 1
LI LRI LI Te Ty I LI I I ] LR I L)
[ o ]
Oaee——O




Genom projektek idoskalan - a ,hdoskor”
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Human Genom Projekt
- résztvevok és modszerek

HUGO: Human Genome Organization

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

1990-1995: genetikai és fizikai térképezés

betegség gének, fizikai pontok fixdldsa, modell szervezetek
large-scale sequencing: két fazisu .shotgun” szekvendlds
2001: draft genom szekvencia, 2003: teljes genom szekvencia

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

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



.Shotgun” genom szekvenadlasi stratégiak

Whole genome shotgun Hierarchical shotgun
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Figure 9.11. 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



Genom szekvenciavaz osszeallitasa

Fingerprint clone contig
Pick clones for sequencing
B — — —

A

- _=__:=
Sequenced-clone contig — B —_—

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

l Sequenced clone B

Initial sequence coniti
Merge data =4 B

Merged sequence contig

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

J, o Sequence-contig scaffold

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



Teljes genom 6sszeszerelés
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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
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Human Genom Projekt
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Figure 2. The trend of human gene number counts together with human genome-related milestones. Individual estimates of the human
gene count are shown as blue diamonds. The range of estimates at different times is shown by the two vertical blue dotted lines. Note how this

range has narrowed in recent years.
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Hol tartunk most?

2001, Human Genome Consortium: 30 000 - 40 000 protein kédolé gén

Celera Consortium: 26 500 ,erés” + 12 000 ,gyenge" bizonyiték
2004, Human Genome Consortium: 20 000 - 25 000 gén

- kevesebb mint az Arabidopsis — szervezeti komplexitds?
2010, Ensembl: 22 619 / NCBT: 22 333 protein kddolé gén

CCDS: 18 173 (http://www.ncbi.nlm.nih.gov/CCDS/CcdsBrowse.cgi)

fals pozitivak: retrotranszpozonok, pszeudogének, ..orphan” DNS

2016.09.12.: CCDS: 18 892 genes>1CCDS ID: 7576



Uj gének és gén Gtrendezddések

+ C6H analizisek: rokon fajok kozott kb. azonos génszam

» de novo gén keletkezés: génduplikdcio és specializacio
génszdm eltérések egyének kozott: segmental duplications
* large-scale copy number polymorphisms (CNVs)

* emberi ,pdangenom"”: vdltozatok rasszok, csoportok kozott.

(Li R, et al., 2010, Nat Biotechnol, 28:57-63)

* kb. 40 Mb (j szekvencia, + 1,3 %

de novo eredet: l:lj human gének? (Knowles and McLysaght, 2009)



Copy Number Variation (CNV)

Kopia-szdm varidbilitds
A diploid szervezetek alapesetben minden génbdl két masolatot
hordoznak (homoldg parok). Az emberi genom vizsgadlata sordn
felismerték, hogy hosszu (dlt. tébb Kb vagy Mb) DNS szakaszok
eléfordulhatnak ketténél tobb példanyban is. Ezeket copy-number

variation (CNV)-nak nevezték el. Az egyes egyének kozott a CNV
mintdzat kiilonbozd lehet.

Kb. 300 emberen végzett vizsgdlatban 1447 CNV-t mutatd genomikus
szakaszt azonositottak, ez kb. a genom 12%-dt fedi le.

Sikeriilt néhdny CNV-t betegségekkel kapcsolatba hozni. Pl. a
prosztata rdk betegség az U6T2B17 gén kdpia szam vdltozataival
hoztdk kapcsolatba. Vagy a HIV fert6zéssel szembeni ellendllé
képesség a CCL3L1 gén tobb mint két példanyaval kapcsolatos.
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Az ember 20. kromoszémdjdan kimutatott CNV-k helyzete és kiterjedése




Emerging novel gene sequences

Table 1. Novel human protein-coding genes and supporting evidence.

Presence of enabler in

Length Longest Expression support Primate shared Other major other human complete ~ HapMap
Gene name Ensembl ID (codons) chimp ORF* and tissue® disablers* sequence differences genome sequences* SNPs
CLLUT ENSG00000205056 121 42 EST/cDNA: Blood (AJ845165, 1-bp indel® Macaque: 4- and 1-bp Sequence available and
AJ845166); UniGene: Blood, indels enabler conserved inall 1 syn,;
embryonic tissue, eye, lymph, 1 nonsyn.
lymph node, muscle, pharynx,
tonsil (Hs.339918)
C220rf45  ENSG00000178803 159 87 (25 amino acids  EST/cDNA: Kidney, other Premature Chimp: 1-bp indel; Reverse strand is available
align with human  (AX747284, AK091970, stop codon Macaque: lacks ATG and conserved in Venter 1 nonsyn.
sequence) DA635985); ArrayExpress: start codon; 4-bp indel
Sperm, lung (E-GEOD-6872,
E-GEOD-3020)
DNAHT00S ENSG00000204626 ~ 163 90 (75 amino acids  EST/cDNA: Hippocampus 10-bp indel Chimp: 2- and 1-bp indels;  Reverse strand is available
align with human ~ (AK127211); UniGene: Blood, Macaque: lacks ATG start  and conserved in Venter, 1 syn,;
sequence) embryonic tissue, eye, lymph, codon; 13-, 8-, 1-, and Watson and HuAA 1 nonsyn.

lymph node, muscle, pharynx,
tonsil (Hs.339918)

1-bp indels

“Length in codons of longest in-frame (alignable) ORF starting from any ATG in the region.
*Type of data/database is listed followed by tissue information with database identifiers in parentheses. Underlined accession numbers are full-length, spliced cDNA.

“Shared disablers are sequence differences shared by chimp, gorilla, orangutan, gibbon, and macaque that eliminate the capacity to produce a protein similar to the human protein.
dIndependently sequenced whole genomes: Venter, Watson, HuAA, HuBB, HuCC, HuDD, and HuFF. All data are listed where available.

“Not shared with orangutan.

Knowles D G, McLysaght A Genome Res. 2009;19:1752-1759



Sequence changes in the origin of CLLU1 from noncoding DNA. (A) Region of conserved
synteny between human and chimp chromosomes 12.
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TABLE 3.1 Approximate fractional composition
of the human genome

TYPE OF DNA FRACTION
Coding exons 0.008
Internal introns 0.308

5 Untranslated reeions
o

Exons 0.045

Introns 0.002
3" Untranslated regions

Exons 0.006

Introns 0.001
Intergenic DNA 0.683
Conserved noncoding DNA 0.016
Pseudogenes 0.007
Mobile genetic elements (.446

A

Note: Derived from various references given in the text. Intergenic DNA is all DNA except
coding exons and internal introns. The fractions do not sum to onc¢ because mobile cle-

ments, pscudogenes, and transcription factor binding sites reside in introns, UTRs, and /or
intergeIuC DNA. The Origins of Genome Architecture, Lynch, 2006



TABLE 3.2

Haploid genome size, number of protein-coding genes, and average

number of nucleotides per gene for some well-characterized

eukaryotic genomes

Unicellular species
Encephalitozoon cuniculi

Saccharomyces cerevisiae

Schizoesaccharomyces ponibe

Cyanidioschyzon merolae
Cryptococcus neoformans
Plasmodium falciparium
Entamoeba histolytica
Leishmania major
Thalassiosira pseudonarna
Trypanosoma spp.
Oligocellular species
Ustilago maydis

Aspergillus nidulans

Dictyostelium discoideu
Neurospora crassa

Land plants

Arabidopsis thaliana

Oryza sativa

Lotus japonicus

Animals
Caenorhabditis elegans

Drosophila melanogaster
Ciona intestinalis
Anopheles gambiae

Fugu rubripes

Bombyx mori
Gallus gallus
Mus musculus

Homo sapiens

GENOME GENE
S1ZE (MB) NUMBER
2.90 1997
12.05 6213
13.80 4824
16.52 5331
19.05 6572
22.85 5268
23.75 9938
33.60 8600
34.50 11242
39.20 10000
19.68 6572
30.07 9541
34.00 9000
38.64 10082
125.00 25498
466.00 60256
472.00 26000
100.26 21200
137.00 16000
156.00 16000
278.00 13683
365.00 38000
428.70 18510
1050.00 21500
2500.00 24000
2900.00 24000

KILOBASES/GENE
NON-
TOTAL CODING CODING

1.45 1.01 0.44
1.94 1.44 0.50
2.86 1.43 1.43
3.10 1.55 1.55
2.89 1.62 2
4.34 2.29 2.05
2.39 1.14 1.25
3.91 % b 1.76
3.07 0.99 2.08
S0 1.96 1.96
2.99 1.84 155
3315 ALy 1.58
3.78 2.45 1.33
3.83 1.44 2.39
4.90 1.80 3.10
7.73 1.18 6.55
18.15 1.35 16.80
4.73 1.25 3.48
8.56 1.66 6.90
9.75 0.95 8.80
20.32 1.64 18.68
9.61 0.93 8.68
23.16 1.66 21.50
48.84 1.44 47.40
83.33 1.30 82.03
96.67 1.33 95.36

Source: Lynch 2006a.
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Genom méret vs. intergénikus DNS
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Genom méret és szervezeti komplexitds

- The C-value Paradox: haploid genome size/cell

* Prokariéta: 350-8000 gén, 0.5 - 9 Mb genom

» Multicelluldris Eukariota: > 13.000 gén, > 100 Mb genom

* Noncoding DNA expanzié (intronok, mobilis elemek, pseudogének)
» Organizmus mérete vs. sejttipusok szdma - pozitiv korreldcié

» Génszam / genom méret vs. multicellularitds / szervezeti komplexitas

Van korreldcio? Nem a genom mérettél v. génszamtol fiigg, hanem ahogy a

gének mikodnek (transzkripcios szabdlyozds, alternativ splicing, stb.)



Genom szekvenadlds: Technologia és Bioinformatika
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Table 9.1. Curated genome sequencing projects
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Z~ NCBI Genomic Biology
Search All Databases (Entrez)
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show T 1
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human genome resources are interaction of genotype and phenotype




Genom szekvenadlds: Technologia és Bioinformatika

dj algoritmusok és statisztikai eljardsok az
adatbazisokban rejlé informacidk, viszonyok,
kapcsoltsdgok feltdardsdra

DNS és aminosav szekvencia-analizis, szekvencia-

homoldgidk, protein domének és szerkezeti vdltozatok
a kiilénboz6 tipusd és eredeti informdciok
menedzselése, azadatok kutatdsa és hozzaférhetdsége
(annotdlt genom szekvencia adatbdzisok)



Sanger-szekvendlas
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BigDye Terminator DNA Sequencing

DNA template 3’ -TAAATGATTCC-5'
5’—o-op:©oooooo>3’

Primer
anneals

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

lenath
ATTTA® €ng

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

ATTTACTA O fluorescent dye
ATTTACTAAO

ATTTACTAAGO
ATTTACTAAGGO

ATTTACTAE AGG
270 2

Sequence is read by noting peak

color in electropherogram
%NW (possessing single base resolution)
b = -

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
Inl
Bu?‘fe;r' Buffer
E12D
[eXoXeo)Xeo)
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



Dispens=

S S ~ BRCA1 és BRCA2 gén resequencing

‘—G;A:"%Tmﬁ- v S;Z‘ZEZ - mutdcidk diagnosztikai céld azonositdsa
gy BRCA1 és BRCA2: 23 és 27 exon (80Kb)
%%?ﬁ%ﬁ%“ﬁ%’c Nincs el6 screening: SSCP, DGGE, dHPLC, stb.
; , Egy minta - egy assay koncepcié
~ msapare T Gyors, pontos, teljes lefedettséget ad

5 S ‘ Nincs kereszt kontamindcid

=1 E BRCA1 és BRCA2: 34 és 47 amplikon
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Piroszekvendlas:
chemiluminescent detection of pyrophosphate

Enzimek: Vegyiiletek:

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

Luciferdz DNS Templat

Apirdz Primer

dNTP-k egymds utdn adva

Polymerase
(NA),_ + Nucleotide > (NA)_,, + PPi
ATP sulfurylase
PPi + APS > ATP + SO42'
o Luciferase
ATP + Luciferin + O, » AMP + PPi + Oxyluciferin + CO, + Light

Ronaghi M (2001) Genom Res



Piroszekvenalas
dATP dCTP dGTP

!

dTTP

. Template:

. Templateq § I )

5 Primer 5
PP,
S ATP
Luciferase Luciferase Luciferase
hv
J

| , /

=
S
E
=0
3
' | - S ACTT TGAA
A C G T
Added dNTP
Pyrogram —  , Sequenceof ———» Sequence of
synthesised DNA template DNA

Ahmadian A (2006) Clin Chim Acta



A 4G T 2G C T 4G 2T G C A G2T ' G

-
0.5 pmol

3 3
J 2 min
——

A G T C A G TOCAGTUOCAGTT CAGTTGCAGTC A G

Ronaghi M (2001) Genom Res



Minta elokészités genomszekvenadldshoz

P ./
- s P Add
o~ .- S S T Adapters /—\.’
I\,_ k; . H"r"au/r s r{“l‘\ j'f_dl, 0 *
1 e Oy /\_/
- | rd ) L
] O VR
{ ")'L..-'/r" ]
r'" ™
§
i
Select for fragments
With an ‘A" and ‘2" adapter

Sequence & «
solid surface

Analysis

Attachment to ‘ ) \_,

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



Klonalis amplifikacio

Emulsion PCR

Mikroreaktorok
Viz-olaj emulziéban

Tobb millié képidja egy fragmentumnak

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

Each bubble in 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 betéltés

3,4*10° lyuk
Pikoliteres szekvendld 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

- o~ Signal image

10, §
b P B EYSFFIBERBERERE R

: ADITCGGCGCATGCTAAAGTCA
TN A

}S’ Sulfurylase
DNA Capture Bead b
containing millions of
copies of a single
clonal fragment Light + oxy luciferin

Ansorge (2009) New biotechnology



Roche/454 sequencing technology

2005. 454 Life Sciences cég fejlesztette ki
Mycoplasma genitalia - 580 069 bp

2007. Roche Applied Science megvette a céget:
GS FLX series, Junior,...
3,4 x 106 well picotiter plate




Illumina/Solexa sequencing
Minta elokeésziteés

A) DNS fragmentdldsa (néhdny 100 bp)
B) Végek javitdsa, A tdlnydld vég kialakitdsa
C) Adaptor ligaldsa (T tdlnydlé vég)

Ansorge (2009) New biotechnology



lllumina/Solexa sequencing
Klonalis amplifikaciod

PCR reakcio kihorgonyzott
primerekkel
Bridge amplifikacio
Adaptor modified DNA strand hybridized to Cluster generated by
oligonucleotide anchor bridge amplification
Denature, ‘ |
cleave g ‘-

i:;lr. [: e

Sequencing of forward

Klon clusterek atoandi

1000 kopia

50x10¢ clusters
Voelkerding (2009) Clin Chem



lllumina/Solexa sequencing

Szekvencia meghatarozas szintézis soran

T
.@ g ©
2 c
G
P o °
Fluor ©
‘CC) Incorporation cleavage
= —_— —_—
Block
removal 1. Reagensek hozzaadasa
2. Nukleotid beépulése
Template 3. Mosas
strand 4. Szignal detekcio
o.

Sequencing by reversible dye terminators Fluorofor €s a block eltavolitasa

Fluoreszcensen jelolt reverzibilis terminatorok
Mind a 4 nukleotidot egyszerre adjak a reakcioba

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 ——
Konyvtdr gydrtds
Randomly shear DNA v
el
End polishing, Zz
Ligate adapters Limited PCR amplifies
/ only correct libraries
/
/-
e
.
' ' \ E::"
/7 T ) b
" Beads covalently

attached to slide

Komplementer adapterek



Applied Biosystems - SOLiD

Szekvencia meghatarozas ligalassal!

Color-Space Coding

Proba
Second base
Interrogation Probes ACCT Octamer
O 2 préba specifikus bazis

,TTTTTTTT, @ broba speciiiu

TTnnnzzz® @ o 3 degeneralt bazis
SLLIRR L G ¥ 3 univerzalis

TTITTIT, T Fluoreszcens jelold

s ...,..ms-o_/Q

ATnnnzzz

4

Cleavage Site

Primer hibidizalasa az adapterhez

Emulsion Bead Ligase “oar s
& .0 Termostabil ligaz
i y Primer n W Prébak: mind a 16 féle kombinacio
Lot L ALA
A P1 Adapter TA 3 ngalas
Template 4
cleavage o MOSGS o
4 = Jel detektalasa
" Primern ATnnn 2 b .
*TTTTTTITTITITTTTTTITTTTITPS Hasitas — 3 nukleotid
B P1 Adapter TA 3

Tompiate Voelkerding (2009) Clin Chem



Applied Biosystems - SOLID

Ligase
¥ Primer n AT TTnnnzzz °
C . P1 Adapter TA AA 3

Template

Primer n AT 1 T GT TT CA GC

S R R EERRRRRERRRRRARNNRNR RSN RN RN RN ERRRRRRRRRRS

. 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 . P1 Adapter TA AA ¥
Template
Primer n AT TR GT T CA GC

D .||I|||||!||I|||,|H|.||||||||||||||||||||||||||||||||||||
P1 Adapter TA AA CA AA GT CG 3

- Template
% Primer n-1 Ali\nnnG'Ernnnzzz o
E .]!lllllll[[lllllllllIIIIIIllIIIIIIIIIIIIIllIIIlIIIIIlII ,
P1 Adapter {3 CA 3
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

nn

Universal primer

_— 4

“ o’
n 122 4 nnnaGzzrz
221

nnn

nnnATzZ?

LN
e o anan RRRNRRRRRRRRRRNAL
"5 P1Adapter Template sequence <
Round Ligation cycle
1 2 3 4 5
Universal Saq Primar
1 i'E,'p tl”smo 14,15 19,20 24,25
2 . : L1 1!}
Reset Y Universal Seq Primer n-1 | | X/ .I
2 3 34 'iSJrQ_I 13,14 18,28 23,24
|
|
Reset Y Universal Seq Primer n-2 '| ,l "
3 2,3 780 f2his 1798 2223
' ]
Reset Y Universal Seq Primer n-3 ,l \
4 ; I 1,2 67 1142l 1617 2122
Resst Y Universal Seq Primer n-4
5 » FITETInm 0,1 56 1011 1516 2021

(b) Principles of two base encoding

Reference ACGGTCGTCGTGTGCGT

oo ommm 0 Em ) mmm
2base probes N NN BN SENN DN SNND BEEN S

s $333383333832388 v

s 8833388338883 o
s S33388358333383
et 3333338228382223
s S83388 338383333

1 color change
= error

Incorrect color
change » error

1 bp deletion

> ACGCTCCTCGTGTGCGT

» ACGGTCG CCAGTGTGCGT

»ACGGTCGTCGTGTGCET

» ACGGTCGTCGTGTGCGT

™ ACGGTC | TCGTGTGCGT

TRENDS in Genetics




Table 1. Comparing metrics and pertformance of next-generation DNA sequencers

Platform

Roche(454) lumina SOLID
Sequencing chemistry Pyrosequencing Polymerase-based sequencing- Ligation-based

by-synthesis sequencing

Amplification approach Emulsion PCR Bridge amplification Emuision PCR
Paired ends/separation Yesi3 kb yesf200 bp Yesi3 kb
Mbirun 100 Mo 1300 Mb 3000 Mb
Timekun (paired ends) 7h 4 days S days
Read length 250 bp 32-40 bp 3Sbp
Cost per run (total $3439 $8950 $17 447
direct™
Cost per Mb $584.39 $597 $5.81

a Total direct costs include the reagents and consumables, the labor, instrument amaortization cost and the dise storage space required for
data storage/access,



DNS szekvenadlas félvezeton: Ion Torrent

- hipergyors real-time szekvendlds

Micro-machined wells

= 77/'/4' ; < Z \
S = .3 - »J-;»" \‘ < <
lon-sensitive layer —— > : 5 & N o
Proprietary lon sensor —————= ) /ff‘ 5 :
K e
,,"
» >

Nucleotide incorporates
into DNA

Hydrogen ion
is released



DNS szekvenalas féelvezeton: PGM

- hipergyors real-time szekvendlds

dNTP 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, fényextinkcid, kamera, stb.
Sensing Layer

Sensor Plate Helyette pH mérés mikrofluidokban

Drain Source  To column ;'
Silicon Substrate receiver ||1||‘ |]| \“ |_h| l|||| L| ||| |M




DNS szekvenadlas félvezeton:

Ion Torrent

c
4
3
@
@2
i+
ALl I || |
0 :
4 0 20 Flow
3
o
@2
o ;3 o
' x UL ||| IRl
5 10 1520 25 30 35 40 45 50 1 ? 4 7 0
Time (s) F
ow 90
Table 1 | Vibrio fisheri, E. coli, Rhodopseuomanas palustris and Homo sapiens
V. fisheri R. palustris E. coli E. colf E. coli H. sapiens
GC content 38% 65% 51% 51% 51% 41%
Genome size 42 Mb 5.5 Mb 4.7 Mb 4.7Mb 4.7 Mb 29Gb
Number of runs x ion chip size 1x1.2M 1 x12M 1x12M 1x61M 1x11M 1601 x12M
267 x6.1M
28 x11.1M
Fold coverage 6.2-fold 6.9-fold 11.3-fold 36.2-fold 58.4-fold 10.6-fold
Coverage 96.80% 99.649%, 99.99% 100.00% 100.00% 99.21%
Reads =21 bases 261313 444,750 507,198 1,852931 2,594,031 366,623,578
Reads =50 bases 233,049 399,360 487,420 1,698852 2,343,880 306,042,650
Reads =100 bases 156,391 160,726 400,743 1,012918 1,779,237 139,624,090
Mapped bases 26.0Mb 37.8Mb 47.6Mb 169.6 Mb 2739Mb 30.2Gb

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



