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Informace je ulozena v DNA

Informace ulozena jako sekvence bazi A, C, G, T
V kazdé lidské burnce je ~ 3 miliardy bazi = ~ 3 metry = ~ 6.6 pikogram

Sekvence DNA je v kazdé bunce stejna CELL NUCLEUS
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Vytvoreni rlizné dlouhych fragmenti DNA
Dideoxy-NTPs — ukoncCeni polymerace
Gel - kapilarni elektroforéza

Znacené primery nebo ddNTPs
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https://www.youtube.com/watch?v=FvHRio1yyhQ
https://www.youtube.com/watch?v=e2G5zx-OJIw

PCR amplifikace jednotlivych DNA fragmentl a sekvenovani

nebo

Sekvenovani jednotlivych DNA fragment(

= Single molecule sequencing

1
Cycle 1
Cycle 2 C
Cycle 3 A A
Cycle 4 J
Cycle 5 C
G

e LT

Cycle x

Sekvence je Ctena pfi syntéze noveho fetézce

Technologie a pristroje pfizplUsobeny paralelizaci
Stovky miliont jednotlivych PCR reakci a sekvenaci najednou
(bézné prodavané kapilarni sekvenatory jsou max. 96-kapilarni)
VétSinou kratSi sekvence — desitky bazi

(kapilarni — bézné az 1000 bazi)
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Sekvenovani DNA

Single nucleotide polymorphisms

GITGEGTGCEGHEG GGGIRGG GEG GG
ITATAEGIGEGIGEGEGTIETEAETTEGGGIGCARARAGEGEARGGE
ITATARGIGEGTGEGEGTIETEAETTEGGGIGGABAGGEGEAEGGE
m-G-G-GIG.G.G—GGG.GG—GIG-GG.
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Sequencing by synthesis

Polymeraza

Sestavovani nového fetézce z jednotlivych nukleotid(

Cleave Image

Sequencing by binding

Probes

Sequencing by ligation A
2

Ligé.za. "."E".ﬂ"‘-"| H__ N'ui.J

Matching
probe binds to

Sestavovani nového fetézce z oligonukleotid( i s~ senamcDNA

to anchor

Anchor

i

Adaptor

Genomic DNA

Non-enzymatic sequencing
Nanopory, elektronova mikroskopie

Primé c¢teni sekvence



Masivne paralelni sekvenovani Technologie Roche/454

Pyrosekvenovani

Single-stranded
DA template

CDD camera

Signal detection

ATﬁ.CTG Mucleatide sequence



https://www.youtube.com/watch?v=bFNjxKHP8Jc

Masivné paralelni sekvenovani .
Technologie lon

Emulzni PCR

DNA sample adapter ligation A-B adapter selection single stranded 454
sequencing library

v

emulsion PCR

=

X

7

parallel sequencing after bead enrichment
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Masivné paralelni sekvenovani Technologie lon Torrent

— ——

Micro-machined wells

Nucleotide———"
incorporates Hydrogen ion
into DNA is released

lon-sensitive layer

Proprietary lon sensor —————=

Two bases Z Two hydrogen ions
are incorporated / pre: re;’;dasgd No hydrogen
- ion released



https://www.youtube.com/watch?v=ZL7DXFPz8rU&t

Masivné paralelni sekvenovani Technologie lon Torrent

lon Torrent PGM lon Proton lon S5

Kapacita 2GB/béh Kapacita 10+GB/b&h Kapacita 10+GB/b&h



Masivné paralelni sekvenovani Technologie Genapsys

emPCR + SBS R
Nativni nukleotidy v cyklech po jednom e
Zmeény impedance

I CEITEC



Technologie Ultima

emPCR + SBS

Nativni + fluorescencné znacené nukleotidy v cyklech po jednom
Opticka (fluorescencni) detekce
Znovupouzitelny substrat

Rotaéni design $100/genom

--------------------

CEITEC



Masivné paralelni sekvenovani . .
Technologie lllumina

Bridge amplifikace

b lllumina/Solexa
Solid-phase amplification
One DMA maolecule per cluster

Cluster
o '\1 growth
Sample preparation |

DMA (5 ug)

and

Template
dMNTPs
polymerase

%

Bridge amplification
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Masivné paralelni sekvenovani . .
Technologie Illumina

a lllumina,/Solexa — Reversible terminators
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Sekvenovani s
reverzibilnimi terminatory corporte

ll four
nucleotides,
each label
with a
different dye

Wash, four-
colour imaging -

= T
Cleave dye 2 et
i
and terminating Y

groups, wash




Masivné paralelni sekvenovani . .
Technologie lllumina

Patterned flowcell + exclusive amplification

EHICEITEC


https://www.youtube.com/watch?v=fCd6B5HRaZ8
https://www.youtube.com/watch?v=DJQn-qA6tTw

Masivné paralelni sekvenovani . .
Technologie Illumina

Sekvenovani s reverzibilnimi terminatory
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Technologie Illumina

NextSeq
2000

Kapacita 3
genomy/béh
(9/tyden),
360GB/béh

NovaSeq

Kapacita 48 genomU/béh (150/tyden) , 6 TB/b&h

MiSeq

NextSeq 550

Kapacita 1 Kapacita 0,15
genom/béh genomu/béh,
(3/tyden), 15GB/béh
120GB/béh

1Seq

Kapacita 0,01
genomu/béh,
1,2GB/béh

MiniSeq

Kapacita 0,07
genomu/béh,
7,5GB/béh
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Masivneé paralelni sekvenovani .
P Qiagen GeneReader

Uzaviena technologie
emPCR + SBS

DPCEITEC



Masivné paralelni sekvenovani .
P Technologie cPAL

Class lls restriction
endonucleases
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Masivné paralelni sekvenovani

Sekvenovani (hybridizaci a) ligaci

Probes

l c

Matchin
probe bi
DNA ll?ase binds genomic DH&
matching probe
to anchm'

Anchor
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Genomic DNA

Genomic DNA
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Masivné paralelni sekvenovani

Technologie cPAL

EHICEITEC



Masivné paralelni sekvenovani

daDMNA
Ll
\;I"
B5°C Heated
N/
P Oligo DNA Nanoball (DNB)
Circularization
P Ad-inserted
55 DNA,
circle
ssCirDNA
-
t::‘ DNBs
s B
Flcm- call

G

Decorated sites evenly spread on the flow cell,

' Each site contains a single DNE.

DPCEITEC



Masivné paralelni sekvenovani

—— CoolNGS Chemistry in cPAS

Unlabeled Nucleotides and Natural Base

Maore acourale

Read Longer
Incorperated Bind with

Natural Basa unlabeled ) labeled "base- Wash AB excess. Cleave and wash
nucleotides with specific block- Image off blocks and ABs
extension blocks dependent AS:

Brighter Signals

Unlabeled Nucleotides

DPCEITEC



Masivné paralelni sekvenovani .
P Technologie cPAS

DNBSEQ-T7

20G/6Tb

DNBSEQ-G400

3,5G/1,4Tb

e

-l-- M
DNBSEQ-G50

\
$100/genom
300M/60Gb

DNBSEQ-T10

EHICEITEC



Element Biotechnologies

Rolling circle amplification
Sequencing by synthesis/binding

Avidites

Ampilification

Sequencirﬁ chefmistry
’ / /’

Aned Lo/
Ay /

-

- o —

m https://www.elementbiosciences.com/products/aviti ACEITEC




Masivné paralelni sekvenovani . .
Singular Genomics

Clonal amplification - ???
SBS s reverzibilnimi terminatory

15:21:36

EHICEITEC



Masivné paralelni sekvenovani
Technologie SMRT

(Single Molecule Real Time)

With an active polymerase immobilized at the bottom of
each ZMW, nucleotides diffuse into the ZMW chamber.
In order to detect incorporation events and identify the
base, each of the four nucleotides A, C, Gand T are
labeled with a different fluorescent color. Since only the
bottom 30nm of the ZMW is illuminated, only those
nucleotides near the bottom fluoresce.

— BFE eIl S
U‘ N éy B s oy
E — g cosbruction

ey by

e r RAocaiH b keben
LnTizha FippdrdALie P iapdn E
s i sima selectizn Seglep EC luygel
i |: POTESIER
Erviihigd gy
I O ... . B NN N . - | ] ]
P b raram :
wpddesd wpas |
Jid g 1
"\" bl 1
i
o — . ——
_ .
' E-.-:-r..aul-l- :
k iyt 't A et el s i e B B e i i il
Puir Bl efpipia Fpl:FlI-‘.- itan .;_r.-g.p..-.;.ri-.-.
" " CEITEC

(5 F


http://www.pacb.com/smrt-science
https://www.youtube.com/watch?v=v8p4ph2MAvI

Masivné paralelni sekvenovani
P Oxford Nanopore

'Strand sequencing' is a technique that passes
intact DNA polymers through a protein
nanopore, sequencing in real-time as the DNA
translocates the pore.

\-

L - Fa il et

DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

S
DNA DOUBLE ki
HELIX \/n]l i r\-

© Aflow of ions through
the pore creates a current
Each base blocks the
flow to a ditferent degree,
altering the current.

© One protein
unzips the
DNA helix into
two strands.

O Asecond

SmidglON it
membrane

MinION

an *adapter”

GridiION dhis
PromethlON

© The adapter molecule
keeps bases in place long
enough for them to be
identified electronically.

EHICEITEC


https://www.nanoporetech.com/
https://www.youtube.com/watch?v=hs0FdiTHMbc
https://www.youtube.com/watch?v=GUb1TZvMWsw

Nanopore Sequencing Technologies

A) Oxford Nanopore Technologies B) Genia Technology C) Stratos Genomics

Current (pA)

Current (pA)
Current {pa)

A

AA

GCATTCGAAGCT AGCAATTCGG TACCACGAACTA

AANANY AANA

Semiconductivity based measuremets of current flow changes are translated into DNA
sequence information

Fluorescent In Situ Sequencing ReadCoor

CEITEC



Dékuji za pozornost

AP CEITEC

Stredoevropsky technologicky institut
c/o Masarykova univerzita
Zerotinovo nam. 9

601 77 Brno, Ceska republika

www.ceitec.cz | info@ceitec.cz
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