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First generation
sequencing

Sanger sequencing

S

Maxam-Gilbert sequencing

Sekvenacni knihovna
= soubor fragmentl DNA opatfenych na koncich specifickymi sekvencemi — adaptory.
Adaptory slouzi ke specifické interakci se sekvenacni platformou.



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

DNA

Replication DNA

A
1
. Reverse
Transcription Transcription

RNA (

Replication

Translation




a) Priprava NGS knihoven z DNA %

Mechanical Shearing or

Enzymatic Fragmentation ‘I. Frdgmentdce DNA




a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

Pro¢ fragmentovat DNA?

- V zd&vislosti na pouzité chemii umoznuji platformy llumina sekvenovat amplikony v délce 200-800nt
- Fragmentace DNA na uniformni délku je kliCova pro dosazeni maximalni kvality sekvenace

- napr. pro celogenomoveé sekvenovdani 350 bp fragmenty, pro Sequence Capture (pomoci
hybridizacnich sond) idediné 200 bp.

1. Fragmentace DNA

Mechanickd vs Enzymatickd Fragmentace DNA

Focused acoustic shearing

==

- Historical *gold standard"
- Simple control of fragment size
- Same protocol regardless of

GC content or input amount

+ Significant upfront instrument cost
+ Significant disposables

cost and waste generation
(tubes/plates)

- Time-consuming
» Challenging to scale
- Inflexible reaction volumes

 Prone to DNA damage

Enzymatic fragmentation

- Scalable

« Flexible reaction volumes
- Ease of use

« Minimized DNA damage

- Prone to sequence bias
+ May be sensitive to contami-

nants in the
DNA sample

« Significant

optimization may
be required

« Transposases can

have very specific
input requirements

gDNA sonication

0 2 5 914 20 min




a) Priprava NGS knihoven z DNA %
b) Priprava TGS knihoven z DNA

» . ¢ Mechanical Shearing or
c) Priprava NGS knihoven z RNA Enzymatic Fragmentation

= 1. Fragmentace DNA

¢ End Repair/A-Tailing
‘T\—Tal ggiversal
Ligation
5'\ ¥ Universal i ° )
3. . Oiwepiesd 2. ligace adaptoru
—




a) Priprava NGS knihoven z DNA

2. Ligace adaptorv

i) Enzymatickd oprava koncu fragmentované DNA (aby byla bez presahu). (End-repair)
i) Pro lllumina jsou pak tyto tupé konce DNA opatfeny AMP na 3" konci. (A-Tailing)*
iii) Ligace adaptoru (s komplementdrnimi dT presahy)

Fragmentation

dsDNA

4

— Adenylation

End repair and A-tailing

*A tailing chrdani pred

kovalentnim spojovdnim DNA Ligation pRls S
fragmentU a tim vzniku

sekvenacnich artefakty

X ‘\119
T‘is‘;,_)




a) Priprava NGS knihoven z DNA

2. Ligace adaptorv

Single index a " XD

Unique dual index Crs @ " XD
xGen UDLUMI adapter « - S -

- Flow cell binding sequence: Platform-specific sequences for library binding to instrument

Sequencing primer sites: Binding sites for general sequencing primers
Sample indexes: Short sequences specific to a given sample library

Molecular index/barcode: Short sequence used to uniquely tag each molecule in a given sample library

- Insert: Target DNA or RNA fragment from a given sample library

Pozn. V zdvislosti na pouzitém protokolu jsou adaptory Casto kompletovdny ve vice krocich. Nejprve
jsou na DNA ligovdany “univerzdini* adaptory (v obrdzku SP1 a SP2) a az v ndsledném kroku jsou k témto
univerzalnim castem pripojeny (pomoci PCR) dalsi Casti (napr. indexy, barcody a sekvence pro
klastrovani na Flowcell - P5, P7.)



a) Priprava NGS knihoven z DNA %
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

¢ Mechanical Shearing or

Enzymatic Fragmentation

1. Fragmentace DNA

¢ End Repair/A-Tailing
A AT g — 3
A ——
SI'\
— 5 Universal
¥ Adaptor
Ligation
5'\ e Universal [
[]
Adaptor-ligated .
. ., Adaptorligated 2. Ligace adaptoru
ry gm
[ T Incorporation of
s E— P7-end Sequence
5'\ i.v 5
e —
—_—
5 ‘_—: \5.
3 &
)
= 5 —
> =
= ;{ 5 2
= r—
(]
%. ,I Incorporation of P5-end Sequence 3. PCR enriChment
S| to Produce Sequenceable Fragment
]
\ P oo s
“ 5
\‘_ g — e o -
¢ Final Amplified &
- R M— ¥ Secquenceable
Library Fragments
Legend
% Starting DNA 5' e P5-end PCR Primer
-
\_T 3' Universal Adaptor 5! == P7-end PCR Primer

3 Index with Index



a) Priprava NGS knihoven z DNA

3. PCR enrichment

= namnozeni fragmentd DNA opatfenych adaptory*

-V ramci tohoto kroku se obvykle univrezdini adaptory opatiuji specifickymi sekvencemi (napf. indexy pfip. barcody)

Index - krdtkd sekvence specifickd pro celou knihovnu, diky indexdm Ize na jeden sekvenacni kit (Flow-cell) poolovat vice
knihoven a posléze sekvenacni data rozdélit na zakladé sekvence indexu.

Barcode - kratkd ,,ndhodnd* sekvence, slouzici k odliseni jednotlivych amplikonU. Napr. v pfipadé identickych sekvenci Ize pak
odlisit, zda se jednd o duplicity téZe molekuly zmnozené v PCR (= stejny Barcode) ¢i zda se jednd o pUvodem rdzné molekuly.
Diky fomu je mozné v sekvenacnich datech spolehlivé odlisit mezi skutecnou mutaci i chybou polymerdzy pri PCR.

Starting Library prep PCR Error correction
molecules with UMI amplification ) and quantification
True variants
(S E— )
[ T E— )
e ™
[ E—] # L ] [ O R ] . > ]
e eow
[ E— ]
[ ) E— ]
Random errors
r
[ S
» . ] [ R

*Mira amplifikace (pocet PCR cyklU) zavisi na metodé a mnozstvi vstupnino materidlu. PCR enrichment je zdrojem chybovosti o
zkresleni vysledku sekvenace, aviak v pripadé velmi malého inputu (DNA) (typicky u single cell analyz nebo CHIP-seq) je nutnosti.
Naopak Ize pripravovat i tzv. PCR-free knihovny, kde je pocet cykll omezen pouze na syntézu adaptord a nebo jsou adaptory
reseny pouze ligacné.



a) Priprava NGS knihoven z DNA %
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

¢ Mechanical Shearing or

Enzymatic Fragmentation

1. Fragmentace DNA

¢ End Repair/A-Tailing
ET AT g — 3
A ——
SI'\
— 5 Universal
¥ Adaptor
Ligation
5'\ ¥ Usiversall g 2 L. d 1_ r )
Adaptor-ligate .
EY TN Library Fragments ngce a qp orv
[ T Incorporation of
s E— P7-end Sequence
5'\ i.v 5
e —
—_—
g .
3 &
)
= 5 —
> =
=, ;{ 5 —
= r—
(]
= ,I Incorporation of P5-end Sequence .
S = to Produce Sequenceable Fragment 3. PCR eanChment
\ P s
“ 5
R .
¢ Final Amplified &
- R M— ¥ Secquenceable

Library Fragments

Legend 4. Clean-up a quality check

% Starting DNA 5‘”_ P5-end PCR Primer

5
\_T 3 Universal Adaptor 5 >y — P‘?—end PCR Primer
3 Index with Index




a) Priprava NGS knihoven z DNA

4. Clean-up a kontrola kvality

Clean-up = Purifikace DNA od viech ,,neporddki* z PCR master mixu (primery/adaptory +
chemikdlie), selekce fragmentl pozadované délky (size-selection).

Na magnetickych kulickdch Elektroforeticky (napr. Pippin prep)
(SPRIselect)

Shear 1ug = 100ul
Collection Chamber Each lane has

Impermeable Membrane switchable electrodes

PRSPV, Lt DNA size ladder

sample 4 -

sample 3 o

[ shane 1/ /L ask\
I _//' /.v" , ‘ A\ sample 2 - l N
5= RS L dAne Y e 0.4 o= >
== \

sample 1 -

5] = T T e = A
35 100 150 200 300 400 500 600 1000 2000 10380 [bp
L J




a) Priprava NGS knihoven z DNA

4. Clean-up a kontrola kvality

Kontrola kvality knihovny = zméreni koncentrace knihovny a velikostniho slozeni knihovny pomoci kapilarni
elektroforézy (napr. na pristrojich Pippin prep/ Bioanalyzer/ TapeStation)

V idedlnim pripadé... Reqlita...
[FU] & a) Preamplifikovand knihovna...tvorba tzv. PCR
7 bubble na histogramu
- = Overamplified “bubble”
] & \ K [FU]— F’rlmary product == Primary product
4004 %@ \. @ e s . ~ s
O\ \\ O&- 60 — c) Prilis dlouhé amplikony — nedostatecnd
300 Secondary artifact
t. @ ( @ a0~ ;\ w4 f[:rf_gmen’roce
ok ' 20 oo J -
100 n I h OV \r]\ ‘ﬂ( 0 _m..,_j )_/ = ;.‘l‘\ JJ '\ @ \M %MA e iL_
i o Bh o ||||| N I I I O 2
150 300 500 10380 [bp]
35 100 I 200 300 4(;0 I 6[;0I : 20I00I I1C|3|80 [bp] 100
b) Primer and Primer dimer (=Adapter dimer) kontaminace o S
Ful4 3‘5I 160 ' 21;0 330 450 I660I ' 20'00I Iméso [bp]
» niH
N # 53“ i 5
\~ u'H 8
40 P j \\ Adapter Dimers
20 i ﬂ #
&

TT T T 7T T T T T T T T T T 1
35 100 200 300 400 600 2000 10380 [bp] #



b) Priprava TGS knihoven z DNA
NGS

Input = fragmentovand DNA

TGS sekvenace

umoznuji dlouhd &teni a detekCi  pacsio sequel system
nekterych epigenetickych modifikaci

DNA. (Nanopore rekord — 2 272 580 badzi).

Nanopore sequencing family

Input = vysokomolekuldarni DNA

Duplex DNA

PO, o /-
A

<

=

o

°

c

@

-

c

=3

o “
A-overhangs

Adapter Bridge

A. lllumina Sequencing

ligation Amplification

PacBio Sequencing

Hairpin adapters

<
=
Q
3
o
a
. Nanopore

Hairpin adapters

ﬂ

Transposase
adapters

SMRTbell template

tmmobilized polymerasj

Zero-mode waveguide

Sequencing

j lomc Current

Motor Protein

. Nanopore

Fluorescent g
nucleotides * &

209
® \..'

Sequencing by V4 M °
synthesis

Cyclel Cycle2 Cycle3

HE s

Sequence reads
Laser
4>

g ......

g A’ Pulse] * [“C’pulse

£ |
Time P

©
» @® Light pulse

Replication/nucleotide incorporation

; H Sequence reads

lonic Current blockades



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

- -

PacBio Sequel System

Start with high-quality

double stranded DNA

Prepare S’TVI &ell blhmfl

el [alals?

Agt
bind

neal primers an
DNA pnlymerase

o
&
b
(o)
&
§
b(\
Q/

&

i

Light Intensity

-y,

e molecyle-of.,
ﬁﬁnobnszed in e
each ZMW, _

9”"

Circularized DNA
is sequenced in
repeated passes

As anchored
polymerases
incorporate

!!!!! ‘ “gbﬁﬁ%ﬁj@@nerase reads

| | are trimmed of adapters
v : ! : : to yield subreads

! | ! Consensus and
e, : e p | methylation status are
e . L e | called from subreads
- > i ' Directly detect DNA
! ' modifications during
! ] seqguencing

’ ‘

Time

Nucleotide incorporation kinetics
are measured in real time

Detekce epigenetickych modifikaci DNA...

§ "—"ﬁ‘-:"“#,- :.'#&
ﬁ;‘Z ........................
S u,?
T LT T T T T T www
(4
Z111 !—'{1‘
gQ T T T T T T T T T T f‘{'
{TTEETY - L.{ﬁ‘
p -
N = L-‘{‘l:
—
HiFi read

(99.9% accuracy)



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

Nanopore sequencing family

==

C. Nanopore Sequencing

Hairpin adapters
ﬂ

Sequence reads
A C G A

Duplex DNA

lonic Current
B P e P T
™ .
- "“Qﬁ
e
Motor Protein | B
Transposase

adapters “s Nanopore

lonic Current blockades

.- Modified base Modified

“ Unmodified
! }\ .’n\ I"\/\ /' }
WS/ "y
v 'VI \]\l‘ ‘l"l .‘V' {.{ l',’\

Position in reference

Unmodified base

Current

Detekce epigenetickych modifikaci DNA...



DNA-seq knihovny - casté aplikace

i) Whole genome sequenceing, de novo assembly.

Drive...

Human Genome Project (HGP)

- 14. 4. 2003, kompletni (~92%) genomové assembly
- Vice jak 20 insituci v projektu HGP

- priblizné celkové ndklady $2.7 mid. USD

Cost per Human Genome

$100,000,000
$10,000,000
Moore’s Law
$1,000,000

$100,000

$10,000

N| I H National Human Geno
Research Institute
S QOV/Seque"d"QCOStS .-ll-l
$100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

!

—

l Insert of choics

Genomesasszmbly

Genomic DNA

BAC library is  gsneratsd by
fragmentation of genomic DNA
into100—-200 Kb sizad fragments

Contig map of BACs ars creatad by
ramoving ovarlapping saquancas

2.5 Kb fragments of DNAars
craatad bwv shotzun cloning

Vactor carrving the insart of choics



DNA-seq knihovny - casté aplikace

i) Whole genome sequenceing, de novo assembly.

Dnes: ultra-kvalitni “T2T" assembly

Genome
— G SE— ——'__—_ _—__'—_——’__—_ Paired-end reads
_— __ = P e it S W o
i) Primdrni assemby a
dlouhych readt — — v —
(ONT' PCICBiO) 1 ! | | —rg — e
el " — Alignment of reads
e o o= toEonties
(b)
_:_: _;_: Orienting and
" = = Ordering contigs
T e = based on alignments
P S
(c)

Nové sekvenacni projekty napr.: hitps://portal.darwintreeoflife.org/tree



https://portal.darwintreeoflife.org/tree

Nucleus

DNA-seq knihovny - casté aplikace

ii) CHIP-seq (Chromatin imunoprecipitation sequencing)

= Metoda umoznujici identifikaci DNA vazebnych mist

(v

celogenomovém meéritku) konkrétnino DNA vazebného proteinu.
(napf. TranskripCni faktory, chromatin remodeluijici proteiny, a jiné)

1217 bp

T T T T
595079 1K99508.03K 99505.15K 9950528K

nrsf / chipl 862 {All Aligned Reads)

99508,

nrsf / Peaks detected by PICS (Region List)

Genes / Gene Annotations (Genes)

chrg

7, % 2 P Py P PO P e 9 P Py o 2
o e"":f o e"@e‘fj‘fz ," ,‘fe_, %f‘b % %“:ﬂe{;?zj’v_j{ee‘% e‘-’zeﬁe. e"?"-’;-f%{j"(t_f’@,e“e:’ibe’(r

4

v
2 5 .,,,c’)}
Qo ~ L, paia>® Az -
L, 2 [ 1>
=S < § &

e
= L

A. Crosslink and fractionate chromatin™

D> :||>.| =1}
D D] DDl
B. ChliIP: Enriched DNA binding sites*
@ .
G
C. End repair and phosphorylate
@
G
r L
@ N
A
G
D. A-tailing
PS5
=
Rd1 SP T P} A
Index + A
" Rd2 SP (P P
P7
\ps P7
Rd1 SP Rd2 SP
‘/Index
Index ,"Rdz sp Rd1 SP
P7 PS5
E. Ligate index adapter
PS5 Rd1 SP DMNA Insert Index
5' — e
-
Rd2 SP” Pr’

F. Denature and amplify to produce final product for sequencing



iii) Sequence capture sequencing

Random DNA fragments

DNA-seq knihovny - casté aplikace
= metoda umoznuijici efektivni nabohaceni

Adapter ligated fragments

W N

1

Genomic DNA
| !
| ( / 1 H*!\LLU 2 l
—\ -\~ \
\ A | '\ .
e AV 1\ Vol
ol
\ 3

Eluted beads and probes

@
@- Q

/b
I/ 5

Captured target region
library (exons)

N ;s\,_r__ ,
.]]\\ 4

Target regions
hybridized to probes

Target regions bound
to streptavidin beads

sekvenci DNA (které nds zajimaiji) pomoci
znacenych hybridizacnich sond a jejich

sekvenaci.
- Casté vyuziti napr. v DNA diagnhostice, kdy se
zkoumaiji pripadné mutace v kdduijicich
sekvencich DNA pomoci sond vychytavajici
exony specfickych gentU (Exome sequenceing).

Whole-genome

Targeted panel Whole-exome
sequencing sequencing sequencing
40-400 genes 22,000 genes All genes, translocations
and non-coding DNA

—
et

I

= /e
A -

\\._//

High coverage
— Intermediate coverage
— b Lower coverage

Slower (a few Slower (several
weeks), good weeks), all
mutations tested
but lower accuracy

Rapid (a few days),

high accuracy but

small number of
mutations tested

accuracy, many
mutations tested



DNA-seq knihovny - casté aplikace
iv) Hi-C (Chromosome conformation capture high-throughput sequencing)

= metoda vyuzivand k analyze prostorového
A cossiinkandisolate B digest and biotin fllin C ligation and DNA isolation usporaddani chromatinu. Pomoci této metody se
kvantifikuji interakce genomickych lokusy, které
mohou byt jinak od sebe velmi vzddlené na linedrni
DNA (Ci jinych chromozomech). Tyto interakce
mohou odrdzet néjakou biologickou funkci (napr.
promoter-enhancer).

GRNA e?s\P‘
AN T R'/V,qp” \&P?\\
Pulldown, adaptor ligati A
D biotin removal and size fractionation E uanzzge;;ﬁ]ﬁ;r:g;;on '.. 3 o) «®
6’) B N ‘Enhancer ’,
« o Sl E
o - <
e +/ — £ = 1 il C“‘O‘\“ 0P o0 {eG\°‘s : m
1eane” Y
- 5 C— o NS 4 .
\ ! pedi@©’ oo
oy Promoter
L S . ¥\
3 \

- e“e‘a_ \'\0“ R\

(9 GO _oti® «\Q.



DNA-seq knihovny - casté aplikace

iv) Hi-C (Chromosome conformation capture high-throughput sequencing)

Draft assembly End-to-end assembly

Lnk1 Lnk2 Lnk3 U chr 1 chr2 chr3

ANV E03200 2400 IORCONE OB 0O DO AR DGO 004 ot o

Misassembly g
n correction B

merging

L i«

...Optiomisation of T2T assemblies



DNA-seq knihovny - casté aplikace

v) NGS metody analyzy pristupnosti chromationu
a DNase-seq b FAIRE-seq ¢ MNase-seq d ATAC-seq

Cell Lysis and

MNuclear Isolation Cell Lysis

Crosslinking Crosslinking T sition

and Cell Lysis and Cell Lysis/” , §
e o

f
1 Chromatin MNase *
Sheared by

2022 0. 0.0
) e S
\ {‘ €« -2 G @M —’i’—.L
DNA Isolation and Accessible
Gel Extraction
e i DNA Isolation l DNA
: I|ll B A0, oen
- P Protected DNA —
- = Isolated | S
l A_J J
Library Library Library
Preplratlun\l’mmﬂon \ /Preplratlon Preparation
€ mm f e | TN

3§ e &=

@ o teges




DNA-seq knihovny - casté aplikace

v) NGS metody analyzy pristupnosti chromationu

a DNase-seq b FAIRE-seq ¢ MNase-seq

L 3 " Cell Lysis and
" X_Nuclear Isolation

gy 200
DNase
Digestion

DNA Isolation and \

Gel Extraction

3l
|

Library
Preparation



DNA-seq knihovny - casté aplikace

v) NGS metody analyzy pristupnosti chromationu  Formaldehyde-Assisted Isolation of Regulatory Elements
' b FAIRE-seq

"\, Crosslinking
~ \_ and Cell Lysis

Chromatin
Sheared by
Sonication

F P

Accessible
DNA Isolation

Library
Preparation



v) NGS metody analyzy pristupnosti chromationu

ab

Nase-seq

DNA-seq knihovny - casté aplikace

b FAII

RE-seq

¢ MNase-seq

4
Crosslinking
and Cell Lysis

MNase l
Digestion

200

22,0

Protected DNA
Isolated

A_A I

l

Library
Preparation

d ATAC-seqg



DNA-seq knihovny - casté aplikace

v) NGS metody analyzy pristupnosti chromationu

d ATAC-seq

Cell Lysis and .-
Transposition

l_‘l
.0 0
G 0

DNA
Isolation

Library
Preparation



DNA-seq knihovny - casté aplikace

ATAC-seq N Ty ®

-identifies accessible DNA regions o L N o
Oy probing open chromatin with | Dapopes T B i
hyperactive mutant Th - R RS RS RS RS A RS R RS
Transposase that inserts
. . tagmentation \ ) A J
Seq U e n CI n g O d O pTerS InTO O pe n Inactive chromatin Active c::omatin
regions of the genome =
e oo VW VWV VW VWV VW VW VWV
DNA purification, ) W VW Y VW VWV 455 VWA
amplification and \WWMW WM MW MW WM
library preparation VWY \WA\Y4 YWY WY VWY

DNA sequencing
and genome
mapping




DNA-seq knihovny - casté aplikace

vi) DNA-seg methody analyzy chemickych modifikaci DNA

Bisulfite-seq .
R TR C R TR C G

+ Bisulfite —

— 00000 —

A4

Genomic DNA V0060060 Ligate adpaters
Bisulfite conversion

...alternativné pomoci NanoPore i PacBio.

Unmodified base o Modified base Modified
w Unmodified

’ Iy

. . s
Position in reference
L3

Current

—s Amplify and
Sequence

33

%, A single molecule of
. DNAisimmobilizedin
i each ZMW

LightIntensity

Time

Nucleotide incorporation kinetics
are measured in real time

As anchored
polymerases
incorporate
labeled bases,
light is emitted

:* Directly detect DNA
' modifications during

sequencing



a) Priprava NGS knihoven z DNA
b) Pfiprava TGS knihoven z DNA e e G wasen

c) Priprava NGS knihoven z RNA SN A
1. Kontrola kvality RNA
2. RNA enrichment \'.5'/’--\ .

| Clean Up/Size Selection

st RNA Fragmentation and Random Priming l
3. Frqgmen!ace a 1 5’ . 3 PCR Enrichment
strand synteza T p— B p7
i e AARAR 5

[ — 1

First Strand cDNA Synthesis

M
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o
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a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

1. Kontirola kvality RNA

Integrita RNA — elektroforeticky (napr. na pristrojich TapeStation, Bioanalyzer),
kvalita vstupni RNA je kvantifikovana pomoci Cisla RIN (RNA integrity number)

Koncentrace RNA - nejpresnéji pomoci fluorometru (napf. Qubit) Ize také mérit na
TapeStation, Bioanalyzer, Nanodrop

RIN:

87 88 84 15 64 50 45

3.7 38 26 25 23

S G W —— p—

>

Incubation time {increasing degradation of RNA)

FU

i S———

Intact RNA:
RIN 10

18S
288

‘f\

18S
288

Partially degraded RNA:
RIN &

A

_J// ﬂM

RIN 3

Strongly degraded RNA.

" 24 n b » a4 “w 4 0 A (=)

Timea {seconds)

RIN

Algortimus prifazujici k elektroforeogramu
celkové RNA cCislo od 1(nejvice
degradovand) do 10 (nejméné
degradovand). Technicky se vyhodnocuje
mnozstvi signdlu pod silnymi peaky rRNA
(18S, 28S) s vUci ostatni mu signdlu pod
grafem.

Pozn. V pripadé savcich RNA se jednd o
velmi reproducibilni postup vyhodnoceni
kvality RNA. V pripadé rostlinnych a fady
jinych RNA mUze byt RIN nespolehlivy (jiné
délky rRNA, inteferujici chloroplastové rRNA
apod..).



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

rRNA

Example transcriptome

2. RNA enrichment

- rRNA predstavuije vice jak 80% veskterych transkriptu...
tzn. musime se ji zbavit jinak nebudeme sekvenovat nic jiného nez rRNA.

rRNA deplece

Total RNA
—_——— —_— —_ —_—
—_— fam— —_ Total RNA contains greater
— than 80% rRNA (red).
- _
_ [— s [RNA
Binding of ssDNA Probes
e [——} e —_—
—_— —_— = (— Singlmranded DMNA probes
= === __ o ssona | hwbridize specifically to rRNA
[ = probes )
= .
rRNA Degradation by Ribonuclease H (RNase H) Enzyme
= |=0 sedEsg RNase H
s | e PSS oo | Rase Haegrates e
wop Do Ol | 40101260 BNA (A
e Lo { =
n— ———
= = Ty
Probe Degradation by DNase | Enzyme & Clean Up
—_ [— Dl'iasf ! DNase | degrades
(o= the DNA probes.
—_—

RNA-depleted RNA

—

— Non-rRNA species
(blue) are enriched.
—_——

Poly-A enrichment

5 3
¥ AAAAA
] 3 TITTT . 2
3 2 D
AAAAA (T 7
5 3 TITTT .

Na rozdil od mRNA (RNAPII franskripty),
rRNA (RNAPI/RNAPIIl transkripty) netvori
polyA na 3" konci.



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

3. Fragmentace a 1st strand syntéza

Fragmentace — nejcastéji teplem (94°C) z pritomnosti Mg+ iontd. Délka

fragmentU je kontrolovédna délkou inkubace.

Priklad - mRNA a délka fragmentace

[FU] e Ominute |
e 1 minute ‘
25 ® 2 minutes
¢ 3 minutes
® 4 minutes
20 5 minutes ‘
154
104
5 \
0 ‘.,» T s e A R e syt
L Ll 1 1 1 1 [nt]
25 200 500 1000 2000 4000

1st strand syntéza (syntéza komplementdrnino DNA
vidkna k RNA pomoci reverzni tfranskriptdzy a random
primer’ nasedajicich na RNA)

RNA Fragmentation and Random Priming

NN
5 3
_mm— _ﬂlﬁ.l—
First Strand cDNA Synthesis
5" DUBLBLALRL 3

3 5




O) P‘fllpI’CIVCI NGS knihoven z DNA USER (Uracil-Specific Excision Reagent) degraduje
i . vldkno obsahuijici U.
b) Priprava TGS knihoven z DNA

C) P‘I:I'pl'CIVCI NGS knihoven z RNA Zbude pouze ssDNA opatfend adaptéry, ktery md
antisense orientaci k pUvodni RNA.
4. 2" strand syntéza, stranded/unstranded RNA seq library U Excision
"\I 5'_____—-—- 3
= Nahrazeni pUvodniho RNA vidkna vidknem DNA L?EH
|
| Clean Up/Size Selection
. End Repair and dA-Tailing ]
First Strand cONA Synthesis 5 A 3 PCR Enrichment
3 Amlbeslestlastis 5 BC P7

g."‘“‘“‘ g 5 —1 5 e— 5 e— —

3 Asllsllalialls 5 3" Acblatiatiatt 5 |
g —‘;-. 5

Second Strand cDNA Synthesis Adaptor Ligation with optional NEBNext Adaptor f l

5 3
5 i ("\Xf e 5" e—

1 |_:_1 !! |_.'! !-!. 5 : : 4 — 44— u u .. +—_\\/ 3 —— 5"

T G } l
N R ———————a. SN 3
3 _— —

|

. |
U - Uracil 3 —
V pripadé fzv. Directional RNA knihoven je nahrazeni T za U v second-strandu 5 — s
DNA duleZité pro odliseni feté&zcd DNA —Tj. ktery fetézec md y y
stejnou/opacnou orientaci jako puvodni RNA transkript ¥ m—
5 —— ——— 3
3 =

Clean Up



a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

i) Transcriptome assembly

- Lze jak de novo tak mapovanim
genom

RNA-seq knihovny - ¢asté aplikace

RNA-seq reads Genome
na referencni ——
Using multiple aligners to map / \
| J
v

Labeled splice graph

-: - - em Cw = m
Predicted transcripts *

- - L . - [=<]

== - - - @



RNA-seq knihovny - ¢asté aplikace

a) Priprava NGS knihoven z DNA
b) Priprava TGS knihoven z DNA

c) Priprava NGS knihoven z RNA
i) Differential gene expression RNA isolation:

Sample 1

Sample 2

RNA-seq library
preparation:

Read mapping to ————
reference
genome/franscriptome:

Normalizace a kvantifikace genové expresse:
-Normalizace umoznuje porovndavat vzorky mezi sebou.

Metody normalizace:

TPM (Transcripts Per Million) - normalizuje pocCet read namapovanych na dany transkript podle délky transkriptu a
celkového poc¢tu namapovanych readu ve vzorku

ddle: FPKM (Fragments Per Kilobase Million), RPKM (Reads Per Kilobase Million),...




a) Pfiprava NGS knihoven z DNA RNA-seq knihovny - caste aplikace
b) Priprava TGS knihoven z DNA

c) Priprava NGS knihoven z RNA Ve ji
iii) Studium sekunddrni struktury RNA (DMS-MaPseq, SHAPE-seq) jS - Eﬁ W 0 j[
. mgs » DMS (Dimethyl sulfate) — methylates A and C QL fﬂ? N
__,I""’C N L O 3 ribonucleotides at the site of natural hydrogen < ¢ .
g_le .g " bonds upon base-pairing, therefore R = High-throughput “q“mi"gc:gjl:'“:ip:":mlmI
- c:c . modification occurs only at single-stranded . == pmostsaser] §  Pookcotg & sattcal nsysis
—nelf U J E=i=  nucleotides : - ‘I | I | |
o, oTo l Reverse transcription l Reactw.wmas_:pung
% ) SHAPE - modify the backbone of RNA _ ocel comsighio
s == VA e —— ™~ in structurally flexible regions o )
2-O-adduct . Y Structure model of RNA

SHAPE/DMS modification results in fall-off reverse transcriptase during

. . . . 0O 0O 2 =
reverse transcription —i.e. abundance of premature terminated reads HoC. ¥ CHs *‘E‘iys N
indicates modified (single-stranded) positions in such RNA-seq data (obr.1) B
== —
. . T — Mutational profling -
Thermostable group Il intron reverse transcriptase (TGIRT) can go through L,  —m—  WOTGRT
modified bases, but generates errors in modified positions —i.e. SNPs in e
such RNA-seq data indicates single-stranded bases. (obr.2) — | Lorary goneraton
Plants | e

DMS treatment modified DMS-MaPseq in vivo RNA structure profiling



a) Pfiprava NGS knihoven z DNA RNA-seq knihovny - Caste aplikace

b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

v) analysis of tfranslatome (activelly tfranslated RNAs)

1. Ribosome profiling (Ribo-seq) 2. Polysome profiling
~ Ribo-seq RNA-seq ®®
\-—@\Q-\AM NN AAA o :

4 N
‘@’Q\Q‘Q\W —NTNGAAA

1

Ir;lnuclease dige?tign N 2
onosome isolation P %cells |
RNA purification e buffer (v
Q @} @] Fragmentation O Moo ot ((lvo:..;
oo e LG
‘RNA punﬁcatlon Supernatant
— — Ribosome - N
——  toOtprints — —
15% 2
Library construction Library construction i ""RZZ‘Z ”t
| ! ¢ o
Deep sequencing Deep sequencing ( rotomes| 2
‘Data analysis ;Data analysis &

“Free O
mRNAs 60S

80p

405 =

Polysomes

0D 254 nm

vvvvvvvvvvvvvvvvvvvvv
2 4 6 8 301214 16 18 20 22
135 7 9111315171921

4 v
Manual extraction Automated extraction
(Phenol-chloroform) (Magnetic beads)

Quality check
5 I

Targeted analysis Holistic analysis
(RT-PCR) (RNAseq)
mRNA distribution Cell translatome
N Qa0

|

Translated mRNAs

40 % C}
| ‘ ‘ | | | IIlIIIlIIllIIIIIII Compared to Ribosome profiling — total RNA associated with ribosomes

(Polysomes) is extracted and sequenced.

RNA regions bounded by ribosomes are protected
during Mnase digestion, free RNA is cleaved.



a) Pfiprava NGS knihoven z DNA RNA-seq knihovny - Caste aplikace

b) Priprava TGS knihoven z DNA
c) Priprava NGS knihoven z RNA

Ir"'; o)
. - —_— — JRE—
RMA immunoprecipitation (RIP) RMNA-protein complex mmunoprecipitate RNase digestion RMA extraction Rewverse transcription cDNA

vi) RNA imunoprecipitation sequencing (RIP seq) Whpreen o = study of protein-RNA interactions and RNA modifications

A UV-crosslinkin B =
CLIP-se ﬁ for CLIP-seq 9 \ NNV\\/N
includes Cross-linking — _— = T UNANN
covalent joining of RNA e A
Binding Protein (RBP) Multi-mapped reads l FiA gt
and RNA —and assignment by EM N/ N/
subsequent Immunoprecipitation  + e == = N/
imunoprecipitation with 1 based techniques .A u 22(1..-:]9':’: mPA-antibody l;nmug:ﬁ:zﬁnanon Zf
specific anti (CLIP-seq, RIP-seq) b FA-containing RNA
pecific antibody—->RNA- Peak calling using
seq fractional read counts
3 1 .
ute RNA
RIP-seq High-throughput & Permutati
Imunoprecipitation of sequencing and mapping §. ermutation }
RBP and a'souated == == == 35-50bp short reads i Y lHNAsequence
RNA(s) (without cross- e SN . : g
linking) >RNA-se m  SHBCHIAPESE VO O X g 2
g) q . J/ \gemwe elements T s E ,z /\
s 1. /
-  (eme= ] (== %o /_,_,\_,f "
( Discarded by existing Downstream analyses of goo— SU; — s'un:: .
computational pipelines RNA regulatory features

Peaks of sequencing reads
indicate regions of méA



Databaze s dostupnymi DNA/RNA-seq daty

SRA

-~ sequence Read Archive

e N (0
)

https://www.ncbi.nlm.nih.gov/sra/?term=



https://www.ncbi.nlm.nih.gov/sra/?term=

Hands on library preparation:
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A) Velikostni selekce pomoci magenetickych kulicek SPRISELECT i =
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Figure 1 Agilent High Sensitivity DNA chip Electropherogram.
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B) Fragmentace RNA teplem

C) Gelova elektroforéza
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