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Sekvenovani

Rozhodujici metoda pro stanoveni
nukleotidovych sekvenci

» Konecna faze procesu individualizace jednotlivych
izolatu

» Metoda je pro vetsinu mikrobiologickych aplikaci
priliS presna



Metody sekvenovani nukleovych
kyselin

Chemicka metoda sekvenovani
(Maxamovo-Gilbertovo sekvencovani)

Enzymova metoda sekvenovani
(Sangerovo sekvenovani)

Pyrosekvenovani



Chemicka metoda sekvenovani
(Maxamovo-Gilbertovo sekvenovani)

Podstatou je specifické stépeni molekuly ssDNA po
modifikaci jednotlivych bazi chemickymi Cinidly s
naslednou elektroforetickou detekci
v denaturujicim polyakrylamidovém gelu.

Chemicka Ccinidla jsou specificka pro modifikaci
urcitych bazi:

G — DMS
A+G — piperidin
C+T — hydrazin

C — hydrazin + NaCl



Chemicka metoda sekvenovani

Priprava
ssSDNA a znaceni

|

Modifikace
bazi

|

Stépeni
SSDNA

|

Odecteni
vysledku




Chemicka metoda sekvenovani

5°- GATCAGG - 3°

Priprava
ssDNA a znaceni

3°- CTAGTCC - 5°

|

Modifikace
bazi

|

Stépeni
SSDNA

|

Odecteni
vysledku

VAR

Asymetricka PCR Vyuziti vazby

biotinylovaného primeru

C

32p - GATCAGG - 3°
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Chemicka metoda sekvenovani

Priprava
ssDNA a znaceni

|

Modifikace
bazi

|

Stépeni
SSDNA

|

Odecteni
vysledku

32p - GATCAGG - 3°

DMS  piperidin hydrazin Hydrazin
+ NaCl



Chemicka metoda sekvenovani
32p - GATCAGG - 3°

Priprava
SSDNA a znaceni

|

Modifikace
bazi DMS piperidin hydrazin Hydrazin
l + NaCl
Stépeni Stépeni piperidinem pfi vysoké teploté
SSDNA 0 0 s Q
U U U -|U
J 5 5 5 5
> > > >
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Odecteni O § 0 O
vysledku Q) = =
Y o g & X
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Realny vysledek chemicke metody
sekvenovani
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*Institute of Biotechnology, Graiciuno 8, Vilnius, LT-02241,
Lithuania; fInstitute for Cell and Molecular Biosciences,
University of Newcastle, Newcastle upon Tyne NE2 4HH,
- United Kingdom; and iDepartment of Biochemistry, School of
Medical Sciences, University of Bristol, University Walk,
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Ukol

Z vyse uvedeného zaznamu odectete
vyslednou nukleotidovou sekvenci

Vysledek bude tedy asi tento

CTg ggC TgC TgA ACC AgC CCA gCA « ’

gCC Cag Tg ™

Y




dideoxyterminatory

NH, NH,
NP ddNTP \
2] .40
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Dideoxyterminatory

5 PPP

B
5 PPP /go 5 PPP



Prubéh sekvenovani

1. denaturace (92-96°C)

FMTTTTTTT T T T T T T T T T T T T I T T I TTI Tl
LLl i1 dsDNA

2. annealing (45-72°C)

3. extenze (72°C)



Prubéh sekvenovani

1. denaturace (92-96°C)

FTTT T T T T T T T I T T I T T I T T I T T I I I I 1
AREEEEE NN NN dsDNA

2. annealing (45-72°C)

3. extenze (72°C)



Zarazovani ddTTP

5 PPP

TTTT1ITTGCAAATCGGTGTAAACGG
TT 1T TTGCAAATCGGTG
TTTT1TITITGCAAATCGG
TTTTITIGCAAA

ATGCTACGTTTAGCCACATTTGCCATATGAACCT




Zarazovani dalsich ddNTP

TTITT1TITGCAAATCGGTGTA
TTTTTTGCAAA
TTTT1ITIGCAA
TTTT1TIGCA

ATGCTACGTTTAGCCACATTTGCCATATGAACCT
LLLLLLL L L L L L L L L L L L L L L L)

TTTTITIGCAAATCGGTGTAAAC
TTTTTIGCAAATCC
TTTTTTGCAAATC

TTTTI1IGC

ATGCTACGTTTAGCCACATTTGCCATATGAACCT
LLLLLLL L L L L L L L L L L L L L L L)



Vysledek sekvenovani




Nasleduje rozdéleni fragmentu




Nasleduje rozdéleni fragmentu
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Sekvenovani - zaznam




Kapilarni gelova elektroforeza

» rozdeli produkty sekvenovani podle velikosti
» detekuje fluorofory laserem



Ukol

Na zakladé vysledku sekvenovani
zarad'te izolaty  bakterii  celedi
Pasteurellaceae

Pouzijte vyukovy material



Pyrosekvenovani

» Metoda popsana Mostafa Ronaghi et al. v roce 1990
» Urcena pro kratké useky DNA, SNP a useky metylované

Polymerase

3% =m=mmn ACCTTGAGTACCATCTAGGA

5? wmmmnn TGGAACTCA

PP, i \ dATP
.

ATP su r'lfu"y'rase l / > (d)@P

ATP

\ e /“ W ;._;.
L uciferase - g

Apyrase

(d)AMP

> 4 enzymy
» velmi presna

> reakce se zahy
»zahlti*



Prubéh pyrosekvenovani

Palymerase

} - ACCTTGAGTACCATCTAGGA
| > e TGGAACTCA

> (d)ADP
Apyrase

e (d)AMP
Luciferase h ;:/

\
A

(DNA), + dXTP > (DNA), ,, + PP,

DNA polymeraza



Prubéh pyrosekvenovani

Palymerase

3% =mmmes ACCTTGAGTACCATCTAGGA
5° =mmmnn TGGAACTCA

ATP sulfuniase » (d)ADP

Apyrase
(d)AMP

M,
Luciferase = hv

PP+ APS > ATP + SO,

ATP sulfurylaza



Prubéh pyrosekvenovani

Palymerase

3% =mmmes ACCTTGAGTACCATCTAGGA
5° =mmmnn TGGAACTCA

> (d)ADP
Apyrase

(d)AMP

ATP + luciferin + O, > AMP + PP, + oxyluciferin + CO, +
svétlo

luciferaza



Prubéh pyrosekvenovani

Palymerase

3% =mmmes ACCTTGAGTACCATCTAGGA
5° ===m-- TGGAACTCA

PP, / -
ATP sulfur/iase » (d)ADP
e Apyrase I
o | (d)AMP
: md —
Luciferase = hv o
p S
dXTP -2 dXMP

apyraza



Parametry pyrosekvenovani

» zadné znacené primery ani znacené nukleotidy

> zadna elektroforéz

Falymerase

> Principem je uvoln 3 - ACCTTGAGTACCATCTAGGA
a emise viditelnéhc 3w TGGAl‘&TCA
» Mnozstvi uvolnéné FP
mnOZStV| ZabUdOVE ATP sulfurnyiase » (d)ADP
Apyrase l
» Namisto standard . f (d)AMP
2°-deoxyadenosin- W St

;_T A

ktery neni substrat

Y

Rychlost sekvenovani = 1 baze za minutu
Délka stanovené sekvence = 100 nukleotidu

Y



Pyrosekvenovani - zaznam

nudeolde sequence
G C - A e cC T
¥
G C T A, S C T
T~
nuclectide added

Intenzita signalu odpovida poc¢tu zaélenénych nukleotidu



Sekvenovani pomoci hybridizace

> Neprima metoda vyuzivajici DNA cCipu

» Vysledek odecten konfokalnim mikroskopem

» Sekvence tena dedukci
A | Q
y <
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T cC T T A

A G G A A
C A

T G A C C

G c C A A G

T A C G C
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Otazka

Kdyby byly na ¢ipu naneseny 20 mery,
Kolik policek by musel obsahovat Cip
oro sekvenovani 1 Mb?

Pry celkem 1,112 x 106

/—\/\
eNE
v

I‘|.|



Minisekvenovani

» Metoda vyuzivajici technologie DNA cCipu

» Vyuziva se pro stanoveni jednoduchych
nukleotidovych polymorfismu
» Vice variant, metoda je automatizovana, multiplexni

SNP, SNP, SNPy
(AA) (ce) (cc)

qlql Rlel <l<]

a :
[T p /0 ~—
PCR products — C-'
+ DNA polymerase ,‘de Pk _7\,., =<
b

+ ) 3 d

& S— o000,
Transcribed RNA g
everss transcriptase f\/\ C‘C CC

c
\, ¥
e T G—{) G
SNP, - SNP, \’
an \ R __J 4
SNP, \ | H H
0 H
N0 1
Products of primer
axtension in solutio

Nature Reviews | Genetics)




Next generation seguencing
(NGS) methods

(Vysokokapacitni
sekvenovani)



Zakladni pojmy

Read (¢teni) - souvisla DNA sekvence produkovana sekvenacnim
procesem (sekvenatorem)

Coverage (pokryti) - pocet vzajemné se prekryvajicich ¢teni

v dané oblasti genomu (kolikrat je precten prislusny usek nebo
baze)

Konvencni sekvence (consensus sequence) — idealizovana
sekvence, ve které je kazda pozice reprezentovana nejcastéji
nachazenou bazi pri porovnavani vice ruznych sekvenci dané
oblasti

Contig (kontig) — sada prekryvajicich se segmentu DNA (¢teni)
tvoricich souvislou (nepretrzitou) konvencni sekvenci
Assembly (skladani) — zarovnavani a prekryvani DNA sekvenci
(éteni, kontigl) za ucelem rekonstrukce ptuvodni sekvence DNA
molekuly v plné délce

Scaffold — sada propojenych nesouvislych (pretrzitych) sérii
genomovych sekvenci skladajicich se z kontigl oddélenych
mezerami (gaps) znamych délek



Charakteristika NGS

» Moderni, vysokokapacitni (high-throughput)
technologie sekvenovani DNA

» Masivni, paralelni, rychle ...

> Shizujici se cena, ¢as, slozitost protokolu, ¢etnost
chyb ...

» Zvysujici se mnozstvi a kvalita dat, pocet a délka cteni
(kapacita ulozist’ dat), repertoar potrebnych
bioinformatickych metod

> Siroka skala aplikaci



Cim se li$i ,,Next generation sequencing” od
»1hird generation sequencing® (TGC)?

Sekvenovani z jedné molekuly, v realném cCase,

In situ, méneé (bio)chemie
(& J

-V
e . e

Y




Vstupni material pro genomiku
DNA eukaryoticka

» De novo sekvenovani genomu
» Resekvenovani (ChIP-Seq)

» Sekvenovani amplikont (16S)
» Sequence capture

. g ’ jad V
> Detekce modifikace bazi jaderlly genom
» Variace genomové informace SALEAS" genom

—'J':' A = s
J _» mitochondrii

virova

L PTG prokaryoticka
rocacic7 18 chromozém plasmidy




Vstupni material pro transkriptomiku

Celkova

Pouze eukaryota

VSechny organismy

Kéduijici
RNA
4 % of total

» Sekvenovani mRNA

» (Whole Transcriptome Shotgun Seq — WTSS)
> Detekce polymorfismu (SNP)

> Sekvenovani dalSich typu RNA (miRNA)

» Kvantitativni expresni analyza



Proces sekvenovani mRNA

polyA tepelna zpétna
Total MRNA selekceMragmentatace Fragmentova transkripce
RNA odstranéni na mMRNA

rRNA

pfiprava sekv.

i . . knihovn - sekvenace Hrupa
normalizace RN [ e | Y Sekvenadn
cDNA cDNA  knin data
gace adaptoru | el air=Yall
L Y elekce fragmentu

Zavisle na aplikaci

Sekvenovani DNA



=> snizena kvalita sekvenacnich dat

3’- konc

1)

Kvalita RNA

> Kvalita vstupni celkové (total) RNA - RNA integrity number (RIN)
» RIN <7 => nerovhomeérna distribuce ¢teni podél transkriptu (mezi 5’ a

Lt I-IIJF‘- UTH
it t
"t

[nt]

(FU]

10

Coding sequence (COS%)

RIN <7

|
|

‘ Poly-A
st 1 UTH ol

T

speal Jo Jaqunp

Distribuce
délek cteni
u 454
technologie

Zaznam
kvality RNA
Agilent
Bioanalyzer

T
25 200

I
1000

I

4000



Syntéza cDNA

Celkova RNA (ug)

5

MRNA with polyA 3’end

5-—’*mdx

SMARTer Il A
Oligonucleotide

SMARTer II A Oligo:

5-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3’

Modified CDS Primer:

5’-AAGCAGTGGTATCAACGCAGAGTTTTTGTTTTTTTCTTTTTTTTTTVN-3’

YA
g ="

v

Poly A* RNA

polyA 3’

(—
w*_

CDS primer
First-strand

synthesis by
SMARTScribe RT

5\ AnNnNnNnNNANANANAA polyA
{

tailing by
SMARTScribe RT

and extension by

Template switching
SMARTScribe RT

X \VANANANNNNNANN PolVA

Amplify cDNA by LD PCR
with PCR primer (s

Double-stranded cDNA

Single
step



Normalizace cDNA

> Za ucelem zisku vyrovnaného poctu ¢teni vSech transkriptll nezavisle

na mire jejich exprese

[ A A A ]
C—TTTTT

/|—TT1TTT1E3

abundant transcripts
[ RAARA ]

C———— 1T
A A ]

e AL e |

—b—T1TT e

I e L LLLY |
O TTTTC

ds cDNA hybrids generated by
abundant and intermediate
transcripts

CO = =pih AT
O e —TTTTTE

O — — e
—t— T3
—~— TTTTT

degradation of ds cDNA
hybrids

TRIMMER cDNA Normalization Kit (Evrogen)

> Analyza méné cetnych transkriptt (rare transcripts)

ds cDNA
e AMAAA T
l e TTTTTE

——AAACT
|—IT1TTC3
denaturation -
rare transcripts
C———ARA
T
e A A A T
——TTTTTE3
hybridization
I e RLLLLY m
r——— T TTT
[[[r——A A A A A ]
] L | S|
equalized ss DNA fraction

DSN treatment

CO—MAMAC
[T TTTT

O MAAA T
e TTT T

equalized ss DNA fraction

PCR

A AAAA
[ TTTT

—— AL
C——— 71T

AR
/|13

AR
/|13

DSN = duplex-specific nuclease



Soucasne sekvenacni platformy

» Roche/454 (GS FLX+/GS Junior)

» lllumina Genome Analyzer
(HiISeq/MiSeq/NextSeq)

» Life Technologies (3500 Genetic Analyzer, ,
lon Torrent Proton/PGM) \.j:z,,dﬁx—a

» Pacific Biosciences (PACBIO RSII)

» Applied Biosystems (SOLID, 3730x| DNA
Analyzer )




Sekvenovani ligaci

Oligo Ligation Detection (SOLID)

1
yeie

K—LU}J'.H’JH‘ N
ur dift nt 5 label
A ® 2
X A ,. I pEN ‘ A
3 TTNNN 3 AN + 4
o, @, . ®
TANNN* * ¢ GCNNN* * *
Hybridization
1. Secuancing prims a By n M
ACGACGCTCTTCCGATCTAANNNA * * s AANNN* * *
TGCTGCGAGAAGGCTAGATTCAACGAGGJ\GCTTTGC)\CTAGCC'H’CTCGAGCATACG
5 S ot 3
N A 9. 9 A 9 o
ACGACGCTCTTCCGAT, ¢ LAL ’ e ’ - Ligation
5I'I‘GC'I'GCGAGAAGGC’.L' CGAGGAGCTTTGCACTAGCCTTCTCGAGCATACG 5 *
3 A ~ Washing
ACGACGCTCTTCCGATCTAAGTT  ** Dephosphorylation
. TGCTGCGAGAAGGCTAGATTCAACGAGGAGCTTTGCACTAGCCTTCTCGAGCATACG 5 Imaging
ACGACGCTCTTCCGATCTAAGTT
TGCTGCGAGAAGGCTAGAT TCAACGAGGAGCTTTGCACTAGCCTTCTCGAGCATACG Cleavage
s 3
o S
/— Sequencing primer shifts ~N
3 1 s SCILO na prim s
ACGACGCTCTTCCGATCTAAGTTGCTCCTCGAAACGTGATCGG Ligation cycle
A TGCTGCGAGAAGGCTAGATTCAACGAGGAGCTTTGCACTAGCCAACTCGAGCATACG
N ﬂ 3
3 ‘ £ el W3 primer '
ACGACGCTCTTC ATCTAAGTTGCTCCTCGMACGTGATCG Ligation cvdle
TGCTGCGAGAAGGCTAGATTCMCGAGGAGCTTTGCACTAGCCAACTCGAGCATACG 9 cy
| N . o
. 5% saquencing primer + bridge probs___ B = .
4 ACGACGCTCTTCCG AGTTGCTCCTCGAMCGTGATCGGT .
TGCTGCGAGAAGGCTAGATTCAAC\:AGGAGCTT‘I‘GCACTAGCCAACTCGAGCATACG Ligation cycle
¥ J




Reversible Terminator
(HiSeqg, MiSeq, NextSeq)

Generovani klastru na povrchu sekvenacéni flow-celly

FRAGMENTS BECOME DOUBLE DENATURE THE DOUBLE.STRANDED COMPLETE AMPLIFICATION
ATTACH DNA TO SURFACE BRIDGE AMPLIFICATION STRANDED MOLECULES

L He b & N
s\g (‘ \ i i HEy
\<§ *%mm \\ S g\ij/‘ S \\ \}jli t?;///

VL L el S
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Reversible Terminator
(HiSeqg, MiSeq, NextSeq)

Sekvenovani syntézou

@ .0 @ )
@ © @ Incorporation

Modified polymerase ‘
Blocked and labeled nucleotides

Sequencing primer
5' ACACTCTTTCCCTACACGACGCTCTTECGATCT 3!
3' TAGATGTGAGAAAGGGATGTGCTGCGAGAAGGCTAGAACCTTLCAGGAGCATTGCACTAGCCTTCTCGAGCATA 5°

Target sequence

Laser excitation |mag|ng

5 ACACTCT'I‘TCCCTACA{ZGACGCTCTTCCGATC& M/W/\/\m
GTTGCAG TTCTCGAGCATA 5

3' TAGATGTGAGAAAGGGATGTGCTGCGAGAAGGCTAG, GAGCATTGCACTA

@

%

FYVYYY

Filters A,C,G,T

@

Remove fluorophore/blockage

5' ACACTCTTTCCCTACACGACGCTCTTCCGATCTT 3'
3' TAGATGTGAGAAAGGGATGTGCTGCGAGAAGGCTAGAACGTTGCAGGAGCATTGCACTAGCCTTCTCGAGCATA 5°



Pyrosekvenovani (GS FLX, GS Junior)

454 sekvencni system firmy Roche

Signal image

Sulfurylase

Luciferase

polymerase
A
AAGTCA ‘\
APS Anneal primer
PP

ATP

\/Y_Iu/ciferin

Lighl + oxy luciferin

Optic

subsystem

—_

Huidics

subsystem

S
squ!/

Keyboard
& mouse

» Sekvenuji se produkty emulsni PCR

(in drawer}

. -
Compulis; ¢ i




Emulsni PCR

+
O % %@ O®

>

bp

primery

» Amplifikace probiha
v emulsi (voda-olej)

DNA je fragmentovana
na useky dlouhé 300-800

» Jednotlivé matrice jsou
navazany samostatne na
povrch jednotlivych
kapek obalenych



Emulsni PCR

» Amplikon je vysledkem jedineché PCR
> Méné nespecifickych produktu

a =
b \
\ \
e \ .
C
R %
— - — \\ ——\
— ————— ‘J S —
Conventional PCR Emulsion PCR




Proces pripravy vzorku pro 454/Roche

Priprava sekvenacni knihovny
Fragmentace Ligace adaptoru

A;

Nanaseni kulicek na
sekvenacni matrici (PTP)



vV V VYV Y V

454 sekvencni system

Zakladni kroky

Tvorba jednoretézcovych DNA matric
Pripojeni adaptéri a vazba na pevné ¢astice
Amplifikace DNA matric v emulzi

Vytvoreni sekvencnich dat

Analyza sekvenci riznymi nastroji bioinformatiky

Podivejte se na komercni prezentaci na strankach
http://454.com/products/technology.asp



454 sekvencni system

Vysledny zaznam




Dalsi moderni pristupy
najdete na

http://grf.lIshtm.ac.uk/sequenc
INg.htm

SOLEXA
(Roche) (llumina)



Prehled stavajicich a novych technik
celogenomoveho sekvenovani

DNA

Amplification
wg‘vgesg In vitro cloning In vivo cloning
spectrometry
ey
- -

Hybridization
and ligation

Sequencing by

synthesis

Sanger et al.
1977

urinke et al.
(2002)

Brenner et al.
(2000)

Shendure et al,
(2005)

Bennett et al.
(2005)

Margulies et al.
(2005)

Braslavsky et al.

(2003)

Kasianowicz
et al. (1996)

Hall N J Exp Biol 2007;210:1518-1525




Paired-end x Mate-pair

» Paired-end — sekvenovani z obou koncu fragmentu DNA (< 1 kb)

» Mate-pair — molekuly (3-20 kb) circularizované prostrednictvim
vnitrniho adaptoru

FE R -
Genomic DNA ‘wm.—

Fragment{(200-500bp)

Generate Clusters

1
’4 /M——u-:n-
Z 1=\
Ligate Adaptors
e ~

W‘ﬂ'mm I
1 SETEOTE
———
Regenerate Clusters and 1
P Sequence Paired End
ket S SN e
e
4+ * " % ._‘
Figure 1-2-1 Pipeline of paired-end sequencing (www.illumina.com)
B B B B B N B B B B B B B B B B! be—{




Paired-end x Mate-pair

Mate-pair — molekuly (3-20 kb) circularizované prostrednictvim

vnitrniho adaptoru

Usnadnéni skladani (u De Novo genomovych projekti)

a
lllumina
&
2 Q
Y. —-
3 R K = =)
350600 bp
4 :jb th Flow cell
5 _—.’-”f’-hﬁ % Flow cedl
—
6 —
—

b

Roche 454
1 e = -
CA CA @

2
’ O

LAY CA LAZ
4 o CrwmesI———=n
5 Bead ~400 bp 4—

— —
6 e e

Cc

SOLID
1
1A 1A @
2
3 U
P1 1A P2
4 _ N tITa w1
S0-7TS5bp 5075 bp
ey 50 b
5 p — 0 bp
I 00
6 —



Porovnani 454 a polony (SOLID)

tegacge fcgacge

Genomic DA
‘ (1) Sheering 1o small fragments
primé
‘r"i O.eni (2a) Linker l H (2b) Circularization
p p j R attachment and linker attachment
adapteru ’ — — -
{3a) Amplification
on beads \ / (3b) Amplification
/ = "’ on ePCR beads
—
N
N ’
-~
- - '
Y ’\‘ (4a) Beads applied to picotiter plate - - A
- ?»
’ Y (4b) Beads immobilizedy
L] in a monolayer in
an acrylamide matrix
desticka W/
S 1(\:5 i E.g
g Smeie xs
pyrosekve ce— e =
V4 V4 c g S e 4
novani (
—> 29! —> g —> aqcE} — VRN T— -
fcgacge

(5a) Pyrosequencing by primer extension

(5b) Ligation with oligo pools added in cycles

cirkulalizace
alinearizace

monovrstva
na PAGE

ligace
znacenych

and four-color imagmg
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vykon, presnost, doba

Sequencer 454 GSFLX HiSeq 2000 SOLiDv4 Sanger 3730x]
Sequencing X . Sequencing by Ligation and two-base Dideoxy chain
e Pyrosequencing : g il PR
mechanism synthesis coding termination
, oo 50 + 35bpor ;
ad le 0SE, 50PE, 101P 400~
Read length 700 bp 50SE, 50PE, 101PE 50 + 50 bp 400~900 bp
Accuracy 99.9%* 98%, (100PE) 99.94% *raw data 09.999%
Reads 1M 3G 1200~ 1400 M —
Output data/run 0.7 Gb 600 Gb 120Gb 1.9~84Kb
X 7 Days for SE .
3 2 3~10 Days i 20 Mins~3
Time/run 24 Hours 3~10 Days 14 Days for PE 20 Mins~3 Hours
: i g : :: I High quality, long
Advantage Read length, fast High throughput Accuracy read length
Error rate with
Disadvantage polytizse smwn thau 6, Short read assembly Short read assembly High cost ko

high cost, low
throughput

throughput

Porovnani parametru — princip,

PacBio RSII

Sequencing by
synthesis

> 4000 bp

99,999%
0.06 M
1.6 GB
30 Min - 3 Hours

Read length, fast,
no amplification,
real time record

Low throughput,
low accuracy

Liu et al. 2012. Comparison of Next-Generation Sequencing Systems.

Journal of Biomedicine and Biotechnology. 251364.



Porovnani parametru — naklady,
vykon, aplikace

Sequencers

454 GSFLX

HiSeq 2000

SOLiDv4

3730x1

Instrument price

Instrument $500,000,

$7000 per run

Instrument $690,000,
$6000/(30x) human

Instrument $495,000,
$15,000/100 Gb

Instrument $95,000,
about $4 per 800 bp

genome reaction
CpPU 2* Intel Xeon X5675 2% Intel Xeon X5560 8* processor 2.0 GHz Pentium IV 3.0 GHz
Memory 48 GB 48GB 16 GB 1 GB
Hard disk 1.1TB 3TB 10TB 280GB
gg‘g:r’;‘i‘;? iy Yes Yes Yes No
Other required device REM e system cBot system EZ beads system No
Cost/million bases $10 $0.07 $0.13 $2400
Sequencers 454 GS FLX HiSeq 2000 SOLiDv4 3730xI
Resequencing Yes Yes
De novo Yes Yes Yes
Cancer Yes Yes Yes
Array Yes Yes Yes Yes
High GC sample Yes Yes Yes
Bacterial Yes Yes Yes
Large genome Yes Yes
Mutation detection Yes Yes Yes Yes

Liu et al. 2012. Comparison of Next-Generation Sequencing Systems.
Journal of Biomedicine and Biotechnology. 251364.



Porovnani parametru — stolni
varianty pristroju

PGM MiSeq Junior
Output 10 MB-100MB 120 MB-1.5GB 70 Mb
Read length ~200bp Upto2 x 150bp 700 bp
- 3 ; fi « 36 sinele re:
Sequencing time 2 hours for 1 x 200bp 3Ry for 10 ¥ read 18 hours

27 hours for 2 x 150 bp pair end read
Sample preparation time 8 samples in parallel, less than 6 hrs As fast as 2 hrs, with 15 minutes hand on time 2 days
semiconductor technology with a simple

Sequencing method sequencing chemistry Sequencing by synthesis (SBS) Pyrosequencing

Potential for development Various PR s Ei‘mi?cd factors, major concenlr_aleAin.ﬂo»y'cei.l surface Minimize hand on time,
(read length, cycle time, accuracy, etc.) size, insert sizes, and how to pack cluster in tighter  increase emPCR reproducibility

Input amount ug Ng (Nextera) ng

Data analysis Off instrument On instrument On/Off instrument

Liu et al. 2012. Comparison of Next-Generation Sequencing Systems.
Journal of Biomedicine and Biotechnology. 251364.



Aplikace a vyuzitelnost

» de novo DNA/RNA sekvenace — lllumina, Roche/454 (PE),
PacBio

» Resekvenovani — SOLID, lllumina

» Detekce SNPs — Roche/454, PacBio (x InDels variation —
lllumina, SOLID)

» Sequence capture - lllumina

» Sanger — sekvenovani konkrétnich regionu s nizkym
pokrytim (diagnosticke genotypovani), sekvenovani
malych genomu (plasmidy, viry, fagy ...

» lon Torrent — kratsi amplikony
» SOLID — kvantitativni aplikace, malé RNA, epigenomika

» HeliScope — kvantitativni aplikace, malé vstupni
mnozstvi (single molecule)

» Kombinace metod?



Analyza dat, skladani, anotace

Full Bioinformatics Analysis and Reporting

DNA Sequencing Data Analysis RNA Sequencing Data Analysis

Resequencing/

Profiling mRNA Analysis miRNA Analysis

Image Acquisition
Quality Metric Assignment

Data Filtering

C_ont_ig Building Contig Building miRNA Base Comp

Tag Counting
Consensus Calling Scaffold Building Annotation

Annotation

Annotation Annotation SNP ID Novel miRNA
Prediction

Tag Counting Plan Gap Closure A.A. Translate m:s":c‘l\i;?;get

Data Reporting




Analyza dat, skladani, anotace

» Software od vyrobce dané technologie (uziv.
jednoduché, neefektivni)

» Obecné, volné dostupné programy (najit ten
spravny, porovnat vice)

» Vyvinuty uzivatelem pro danou aplikaci
(kvalifikovani bioinformatici)

» Kombinace dat z riznych platforem x problém pro
assemblery

> Specifické chyby technologii, specifické nastaveni
parametru analyz

» Vicestupnové filtrovani dat



Sekvenovani mikroorganismu

> Prvni virus — fiX 174 v roce 1977

» Prvni sekvenovany mikroorganismus =
Haemophillus influenzae, 1995, TIGR

» Nasledovaly Mycoplasma genitalium 1995,
Methanococcus jannaschii 1996, Helicobacter
pylori 1997, Escherichia coli 1997, Mycobacterium
tuberculosis 1998

» Prvni eukaryoticky organismus Saccharomyces
cervisiae 1996

» V soucCasnosti jsou v databazich stovky sekvenci

> Podivejte se na
http://www.ncbi.nlm.nih.gov/genome




Ukol

Podivejte se do databaze a zjistete,
u kolika halobakterii (tfida Halobacteria)
je v soucasné dobé znama nukleotidova
sekvence genomu, a to jak kompletni,
tak | CasteCna

Zjistéte totéz u Celedi Pasteurellaceae

A jeste u cyanobakterii (kmen Cyanobacteria)



Genome Gallery

A selection of notable
genomes that have been
sequenced.

D X174

(1977) 5386 bp

First genome sequenced, a
bacteriophage

Haemophilus influenzae
(1995) 1830000 bp

First genome of a free-living
organism

Mycoplasma genitalium
(1995) 580000 bp
Smallest genome of any
free-living organism

Dalsi priklady |

Saccharomyces cerevisiae
(1996) 12100000 bp

First genome of a ‘eukary-
otic’ (nucleus-containing)
organism, the yeast used by
brewers and bakers

Methanococcus jannaschii
(1996) 1660 000 bp

The first genome from the
third kingdom, Archae, which
comprises microbes that live
in harsh environments, for
example thermal springs

Escherichia coli

(1997) 4670000 bp
Workhorse bacterium for
biologists

Helicobacter pylori

(1997) 1660 000 bp
Bacterium associated with
gastric disease

Dr Linda Stannard, UCT / Science Photo Library




Genome Gallery

Mycobacterium tuberculosis
(1998) 4400000 bp

Cause of the disease
tuberculosis

Dalsi priklady Il

Deinococcus radiodurans
(1999) 2600 000 bp Highly
radiation-resistant bacterium

First human chromosomes
(1999 and 2000)
Chromosomes 22,

48 000000 bp and 21,
45000 000 bp respectively

NI

National Human Genor
Research [nstihate

Caenorhabditis elegans
(1998) 97 000 000 bp
The first genome sequence

of an animal, the roundworm

AVE LSHTM/Wellcome Photo Library

Drosophila melanogaster
(2000) 180000 000 bp

Fruit fly, an important labor-
atory organism in genetics




Genome Gallery

Eye of Science / Science Photo Library

Vibrio cholerae
(2000) 4 030000 bp
Cause of the disease

cholera

Dalsi pFiklady Il

Arabidopsis thaliana
(2000) 120000000 bp
The first genome of a plant,

the mustard weed

Images courtesy of J. Berger, T. Laux & E. Meyerowitz

Mycobacterium leprae
(2001) 3270000 bp
Cause of the disease

leprosy

Dr Kan Lounatmaa / Science Photo Library




Metody sekvenovani
tzv. 3. generace



Metody, které nevyzaduji
amplifikaci




Technologie treti generace

» Na urovni jedné molekuly, v realném case, pripadne
In situ

» Vyuziti mikro a nanofluidnich technologii

> Bez potreby celogenomové amplifikace pomoci

MDA - ®29 DNA polymerazoveé reakce nebo PCR
amplifikace knihoven

» Redukce enzymovych reakci (vyuziti
charakteristickych vlastnosti jednotlivych bazi —
ovlivnéni toku elektrického proudu)

» Sekvenovani lidského genomu (pokryti 30x) za
cenu nizsi nez 1000 $ ohlasena spolecnosti lllumina
(platforma HiSeq X Ten)



Jak sekvenuje SMRT?



Technologie treti generace

Single-Molecule Real-Time seq — SMRT Pac Bio
(without amplification necessary for signal detection)




Technologie treti generace

’ Pacific Biosciences technology

direct observation of DNA synthesis on single DNA

*~°| molecules in real time. A DNA polymerase is

L“ Ml confined in a zero-mode waveguide and base

oo R ' additions measured with florescence detection of
' gamma-labeled phosphonucleotides.

Reveo technology

direct inspection of stretching ssDNA using electric
current change detection (electron microscopy)

i a , Oxford Nanopores technologies

measuring translocation of nucleotides cleaved
from a DNA molecule across a pore, driven by the
force of differential ion concentrations across the
membrane.

— i - IBM — silicon based nanopores

DNA transistor technology reads individual bases of
ssDNA molecules as they pass through a narrow
aperture based on the unique electronic signature
of each individual nucleotide. Gold bands represent
metal and gray bands dielectric layers of the
transistor.




Technologie treti generace

Minion Versus MinlION

A loyal servant of another A single-molecule sensing instrument
usually more powerful based on nanopores technology.

being.



Planovani sekvenacniho
experimentu

» Vstupni material (dostateché mnozstvi,
dobra kvalita)

» Vyber aplikace => metody/platformy

» Vlastni zpracovani x servis

» Vypocetni kapacita (uloziste, operacni
prostor, zalohy)

> Bioinformatické zazemi



A ted’ se podivame na néco
praktického

Pouzijte pripraveny vyukovy material ze
sekvenovani zastupcu celedi Pasteurellaceae




Shrnuti

1) Pojem sekvenovani

2) Maxamovo-Gilbertovo sekvenovani

3) Sangerova metoda s vyuzitim fluorofort
4) Pyrosekvenovani

5) Next generation sequencing

6) Third generation sequencing

/) Priklad realné analyzy



