Metagenomika — NGS (454,
Illumina, lonTorrent)



Next Generation Sequencing

History of Genome Sequencing

1950 1960

Discovery of
DNA
structure by
Watson and
Crick (1953)

1980 I 1990 2000

1970
Development Polymerase 454|L'f 454 Sequencing™ was used to
of Sanger Chain T Lite sequence the following genomes
Sequencing by Reaction 2‘:'9“?95 (along with many others):
Frederick (PCR) orp. Is - Barley (plant)
Sanger (1977) invented by founded - Neanderthal
Kary Mullis - Helicobacter pylori (H.pylori -
(1983) ﬁfat?::: bacteria that cause gastric
Human Genome ulcers)
Project Initiated ggpnoprlll.-ete d - HIV mutant strains
| (2003)

Source: U.S. Depal
Environment, Hum
Base URL.: http://ge
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* The total number of genes is estimated at around
30,000--much lower than previous estimates of 80,000
to 140,000.

* Almost all (99.9%) nucleotide bases are exactly the
same in all people.

y and the

* The functions are unknown for over 50% of
discovered genes.




Vyuzi

(/f Whole genome sequencing and \

targeted sequencing

» De novo assembly or sequencing
of organism genomes

« Discovery of genetic variations/
mutations (germline and somatic)
like SNPs and small indels

« Fine mapping of the genomic

\\Im:i found by linkage/GWAS 4

(/_ RMA-Seq _\\\

= Expression analysis of coding
and noncoding RNAs/transcripts
= Discovery of new transcripts

= Study of alternative splicing
patterns

= Detection of transcript fusions
= Analysis of allele specific

\ expression

/ Sequencing of bisulfite-treated \\‘
DINA

# Study of DNA methylation at the
5"-position in cytosine

/

i Y

Paired-end mapping and depth

of coverage approach

= Genome-wide discovery and
detection of copy number
variations and balanced genomic
rearrangements like inversions and
translocations

. 4

= Human Epigenome Project aims
to characterize genome-wide DMNA
methylation patterns of all human

genes in all major tissues

4

species’ reference genomes
- 4

ti next generation sekvenovani

ChiP-Seq

= Genome-wide interrogation of
protein-DMNA interactions like
mapping of the binding sites for
transcription factors and other
DMA-binding proteins

= Genome-wide investigation of
various histone modifications

~

Metagenomics

= Study of the diversity and
abundance of bacterial/microbial
species in a sample by sequencing
the genetic materials obtained
from the samples and mapping the
sequences against different
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Naklady na sekvenovani genomu

Moore's Law

NI H National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013




Sekvenovani nové (druhé) generace

= masivni paralelni sekvenovani

 Umoznuje najednou sekvenaci milionu
ruznych fragmentu DNA (cDNA, i RNA) o délce
cca 30-1000 bp (dle zvolené platformy a
sekvenacniho kitu)

* Dochazi k zmnozeni fragmentu (emulzni PCR,
mustkova amplifikace) — vétsi signal pri
inkorporaci nukleotidu béhem sekvenace,
umoznujici detekci



Sekvenovani 3. generace

Nevyuziva amplifikace za ucelem zvyseni signalu
(méla by byt vyssi presnost —accurancy)

Produkuje dlouha cteni
Dobra prosekvenovanost GC bohatych oblasti
Epigenetika

Zatim dveé dostupné technologie — PacBio a
Nanopore (MinlON)

| lllumina chysta novy systém



2 Vs 3 gener@

Dostupné platformy

454 (Roche)

SOLID (Life Technologies)
Illumina (lIllumina)

lon Torrent (Life Technologie

PACBIO, Sequel System (Pacific
BioSciences)

i



Gig b ey per run |log veabe|

Sekvenovani nové generace

Developments in High Throughput Sequencing
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Sekvenachni workflow

Extraction of

genomic DA
from patient

samples

Shearing of

amplification

DhAwith & Ligation of Libra i

I‘I'IGIIhE]Ei of specilic selact?;n and . F'CH Assembly of
choice adaptors purfication i ;gp':' l%'?n sequemzs
fnebulisation, Il + oation of using Rocheand I °P9Ueneing and gene
sonication, barcodesfor || magnetic or Ioni Tomari annotations
efc.) multiplex streptavidin . bridae PCR

+end repairof || sequencing beads fgli"lnﬁjemina

fragments

Bioinformatics
analysis

+ SNP calling

« varant
analysis,
ele,
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454

Roche
454 GS Junior (35 MB) x 454 GS FLX (700 MB)

Priprava templatu: EM PCR na kulickach
Sekvenace syntézou
Detekce chemiluminiscencni - pyrosekvenovani

11



454 Shotgun — priprava knihovny

Nebulization I
—— |
. T
\
DNA End Repair *
Adaptor Ligation (A&B) — e
y

X A B °

DNA End Repair A D 5

—

Library Quantification,
read lenght check

FlashGel™ System




454

+ PCR master mix

A
+ PCR Reagents
e
+ Emulsion Oil vytvofeni emulze s l
B mikroreaktory
+ emulzni olej Micro-reactors
Adapter carrying Mix DNA Library Create
library DNA & capture beads “Water-in-oil”
(limited dilution) emulsion
knihovna fragmenti s smichani DNA s
adaptory kulickami

- vytéZeni kulicek
z oleje
“Break micro-reactors”
Isolate DNA containing beads

=

Perform emulsion PCR
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454

A Add PCR Micro-reactors
reagents and
emulsion oil
— -
B
Amplicon . "
oo PCR in ‘water-in-oil'
in ‘'water-in-oil Isolate DNA
emulsion containing beads

Load beads onto
PicoTiter™ plate

Load enzyme beads

Read flowgram

PP @_ R
APQ’ & R
¢ — |

e i LT B

f . . ) i
P \A‘T‘P/Luc'b"“ ALRLEEE 0GR L URVL §LE ULE N

Sulfurylase J
SPquencer Luciferase Light + oxyluciferin

https://www.youtube.com/watch?v=nFfgWGF
e0aA



https://www.youtube.com/watch?v=nFfgWGFe0aA
https://www.youtube.com/watch?v=nFfgWGFe0aA

454
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Enzyme Bead

(5)ccD camera
detects bursts

of light

454

Pyrosequencing

dTTP
*Polymerase adds (1)

_ Polymerase
nucleotide (ANTP)

AATCGGTCATG GT CTAAAAGT

Annealed Primer

APS PP,

(2) *Pyrophosphate
is released (PPi)

Sulfurylase ATP (3)
*Sulfurylase creates ATP

Luciferase from PPi and APS

luciferin (4)
* Luciferase hydrolyses ATP

to oxidize luciferin and

Light + oxy luciferin produce light

16



Base Calling via Flowgram

TTCTGCG
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454 — podrobny workflow

nttp://cfe

oc.mf.uni-

i.si/peop

e/damjana/teaching/fg-fkkt/4-GS-

JuniorTec

nnology.pdf
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http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf
http://cfgbc.mf.uni-lj.si/people/damjana/teaching/fg-fkkt/4-GS-JuniorTechnology.pdf

IHlumina

Priprava templatu: hybridizace na sklicku, tvorba
klastru
Sekvenace syntézou

Detekce fluorescence odstépené znacky z reverzniho
terminatoru (nukleotidu)

19



ristroje lllumina

MiniSeq System

MiSeq Series @ NextSeq Series ©

Popular Applications & Methods Key Application
Large Whole-Genome Sequencing (human, plant, animal)
Small Whole-Genome Sequencing (microbe, virus) ®
Exome Sequencing
Targeted Gene Sequencing (amplicon, gene panel) ®
Whole-Transcriptome Sequencing
Gene Expression Profiling with mRNA-Seq
Targeted Gene Expression Profiling [ ]
MiRMA & Small RNA Analysis [ ]
DNA-Protein Interaction Analysis
Methylation Sequencing

165 Metagenomic Sequencing

Key Application Key Application

L

® ®
o

® ®
®
®

L]

L L

® ®
L

L ®

How to Choose a Benchtop Sequencer

This Benchtop Sequencing Buyer's Guide has tips to help you make a smooth transition to next-generation
sequencing and select the best benchtop sequencing system to achieve your research objectives.

Read Benchtop Buyer's Guide »

Run Time 4-24 hours
Maximum Output 7.5Gb

Maximum Reads Per Run 25 million
Maximum Read Length 2 x 150 bp

4-55 hours 12-30 hours
15 Gb 120 Gb
25 million* 400 million
2 x 300 bp 2 x 150 bp

20



ristroje lllumina

"
i
i 5 — =
NextSeq Series © HiSeq Series © HiSeq X Series’ NovaSeq Series ©

Popular Applications & Methods Key Application Key Application Key Application Key Application

Large Whole-Genome Sequencing (human,

plant, animal) o L4 L

Small Whole-Genome Sequencing

(microbe, virus) L b b

Exome Sequencing ® [ ] L]

Targeted Gene Sequencing (amplicon, ® ® ®

gene panel)

Whole-Transcriptome Sequencing [ ] [ ] [ ]

Gene Expression Profiling with mRNA-Seq o [ ] o

miRNA & Small RNA Analysis ® [ [

DMA-Protein Interaction Analysis o @ o

Methylation Sequencing o [ ] L]

Shotgun Metagenomics [ ] [ ] [ ]

Optimized NGS Sample Tracking and Workflows

See how BaseSpace Clarity LIMS (Laboratory Information Management System) enabled this large genomics lab to
standardize lab procedures and cope with increasing sample volumes from diverse clients.

Read Case Study ¥
< 1-3.5 days (HiSeq 3000/HiSeq
Run Time 12-30 hours 4000) < 3 days 10-40 hours?
7 hours—6 days (HiSeq 2500)
Maximum Output 120 Gb 1500 Gb 1800 Gb 6000 Gb¥

Maximum Reads Per Run 400 million 5 billion 6 billion 20 billion

Maximum Read Length 2 =150 bp 2 =150 bp 2 =150 bp 2 =150 bp



MiSeq specifications

READ LENGTH (BP) TOTAL TIME* OUTPUT
1x36 (V2) ~4 hrs 540-610 Mb
2 x 25 (V2) ~5.5 hrs 750-850 Mb
2x 150 (V2) ~24 hrs 4.5-5.1 Gb
2 x 250 (V2) ~39 hrs 7.5-8.5 Gb
2 x 75 (V3) ~20hrs 3.3-3.8 Gb
2 x 300 (V3) >shrs 13.2-15 Gb
RUN TYPE READS PASSING FILTER'

V2 V3
Single Reads 12-15 M 22-25 M
Paired-End Reads 24-30 M 44-50 M

lumina'



NextSeq specifications

NextSeq 500 Sequencing System Performance Parameters

MEXTSEQ 500 HIGH OUTPUT KIT * NEXTSEQ 500 MID OUTPUT KIT *

READ LENGTH TOTAL TIMET OUTPUT READ LENGTH TOTAL TIMET OUTPUT
2x 150 bp ~29 hrs 100-120 Gb 2= 150 bp 26 hrs 32.5-39 Gb
2x 75bp 18 hrs 50-60 Gb 2= 75bp 15 hrs 16.25-19.5 Gb
1= 75bp 11 hrs 25-30 Gb

Reads Passing Filter

NEXTSEQ 500 HIGH OQUTPUT KIT NEXTSEQ 500 MID OUTPUT KIT
Single Reads Up to 400 Million Single Reads Up to 130 Million
Paired-End Reads Up to 800 million Paired-End Reads Up to 260 Million

lumina'



HiSeq 2500 specifications

TRUSED) SBS V3

High Output Run Mode®*
HISEQ SBS V4 PRE-RELEASE SPECIFICATIONS

Dual Dual
Ej'zih Dual Flow Cell Single Flow Cell C;'F;Lﬂ Dual Flow Cell Single Flow Cell Cglllulixun
Time Time
1=36 128-144 Gb 64-72 Gb 29 hrs 95-105 Gb 47-52 Gh 2 days
2» 50 360-400 Gb 180-200 Gb 2.5 days 270-300 Gb 135-150 Gb 5.5 days
2=100 720-800 Gb 360-400 Gb 5 days 540-600 Gb 270-300 Gb 11 days
2x125 900-1 Th 450-500 Gb & days N8 Mo MNSA
Reads Up to 4 billion single  Up to 2 billion single Up to 3 billion single  Up to 1.5 billion single
Passing read or & billion read or 4 billion read or 6 billion read or 3 billion
Filter paired-end reads paired-end reads paired-end reads paired-end reads
Greater than 85% of bases above Q30 at 250 bp .
. G ter th 85% of b b 30 at 2=50b
Quality  Greater than 80% of bases above Q30 at 2x100 bp rester e o of bases above Q30 at 2x P

Greater than 80% of b b 30 at2=x100 b
Greater than 80% of bases above Q30 at 2x125 bp reaterthan b of bases above Q30 at 2x .

Rapid Run Mode*

Dual Flow Cell

Read length Dual Flow Cell Single Flow Cell Run Time
1x36 18-22 Gb 9-11 Gb 7 hr
2x50 50-60 Gb 25-30 Gb 16 hr
2x100 100-120 Gb 50-60 Gb 27 hr
2x150 150-180 Gb 75-90 Gb 40 hr
Reads Up to 600 million single read or 1.2 billion Up to 300 million single read or 600 million

Passing Filter

Quality

paired-end reads paired-end reads

Greater than 85% of bases above Q30 at 2= 50 bp
Greater than 80% of bases above Q30 at 2x 100 bp
Greater than 75% of bases above Q30 at 2150 bp

lumina'



IHlumina
W

navazani
fragmentace DHA adaptori

na 200-300 bp ’

naneseni do
flow cell

—>»>

SN Lot SB.S g ez miistkova amplifikace PCR na pevné fazi
fluorescencnimi terminatory

e
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analyza obrazu - uréeni sekvence
v jednotlivych klastrech
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Fragment

Adapter

Priprava knihovny

Enzymatic Nextera

Fragmentation

Mechanical TruSeq

Amplification

f



Sekvenacni technologie

Extract DMA

Lol

— L
- L.
AN b

"'H _‘h‘_f

Fragment DNA

Amplify Hybridized Template

W L

T
|1— =
"l.-:l"i

— """‘—-"q\q

N PAY
"\‘L\ vy

Hybridize Library

Ligate Adapters

%,

&, v
Surface w/ Complementary Oligos

T |
§ Align
| | ATCGAACCG Assemble
Count
Anneal Universa Sequence wi Fluorescent Baze Call

Sequencing Primar

Muclectides
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Single vs Pair End Ready

* Single reads
— Small RNA

35 bp S

* Pair-End reads
— DeNovo assembling

250 bE; _250bp
Ty
R ——

600 bp

28
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Sample Prep

Rd1 SP

Dual Index Library shown

The aim of the sample prep step is to obtain nucleic acid

fragments with adapters attached on both ends

ilumina’



Cluster Generation

Bind single
DNA
molecules to
surface

I
I I 11 lg !
I
1 1 Amplify on ;1
[ surface ' I

~1000 molecules per ~ 1 um cluster

Skip Overview




Hybridize Fragment & Extend

Denatured Library

Temp. Ramp: 96-40 °C
Wash Buffer HT2

oligo pairs

Surface of flow cell
coated with a lawn of
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Denature Double-Stranded DNA

Newly
synthesized
strand

Double-stranded Original
. template
molecule is denatured

Original template
washed away

AMP Premix AMP1
Phusion HFE 90 sec
Temp. Ramp: 20°C

Newly synthesized § ¢ it B s | %8 . Ei
strand is covalently B =By IBFZR P A ii )=
attached to flow cell | 72 I V4 ¥ b ! g o
il B | o B LA )
L - o l § ¢
é ?. y ¥
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Hybridize Fragment & Extend

Wash Buffet HT2

NaOH Wash
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Hybridize Fragment & Extend

15t cycle denaturation

AMP Manifold
Ramp to 60°C
Formamide AT1
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Denature Double-Stranded Bridge

Double-stranded bridge is
denatured - 15t cycle
denaturation

Result:
Two copies of covalently
bound single-stranded

templa g 3 i3 § & 4 :
- 5 2 Q= b4 : b e - 4 u::
i > E 2 s g 3 B $88
Formamide AT1 f R 3 ¢ & § § §5 0
o . b . g E g 3

ilumina’



Bridge Amplification

Single-stranded molecules flip
over to hybridize to adjacent

Hybridized primer is
extended by polymerase
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Bridge Amplification

Bridge amplification cycle
repeated until multiple

bridges are formed
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Reverse Strand Cleavage

L
b4
-
L
-

Reverse strands cleaved and _ , ; :
washed away, leaving a cluster § : 2 i § §
with forward strands only ' =8
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Blocking

Free 3’ ends are blocked to
20°C, HT2, HT1 Washes
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Blocking Mix BMX

38 °C, 30 min
60 °C, 15 min
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Read 1 Prlmer Hybr

Sequencing primer is
hybridized to adapter :

0.1 NAOH
Seq. Primer
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Sequencing
. primer

60 °C, 5 min
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Sequencing by sythesis (SBS)

DNA (1 ng -1 pug)

Pfiprava Tvorba klastrd

knihovny (3x10° — 3x109)




Clusters are images using LED
and filter combinations
specific for each fluorescently-
labeled nucleotide

After imaging is complete for
one section (tile), the flow cell
is moved to the next tile and
the process is repeated

Sequencing

G image

T image




Pair - End Sequencing — Dual Indexed

Read 1
| Region complementary to P5 grafting primer Same as standard Read 1,
: except:
—_ » Reagents for Index Read
|_Index 2 §5) | preparation must be loaded
on instrument
| PS5 primer | = Indexing sequencing protocol
. must be selected before
starting the run
| DNAinsert |
| P7 primer
@ e -
e @
' 4 | Index 1 (i7) Gi7) |
e :
|' P5 grafting primer |
F7 grafting primer | ' l

| Flow cell surface |




Paired-End Flow Cell
Read 1

[ Region complementary to PS5 grafting primer J .

Index 2 (i5) |

| PS5 primer | 5 | SBS Sequencing Primer (HP10) |

[ DNAinsert | §

P7 primer |

P L
| Index 1 (i7} | E
[ P5 grafting. primer J

L___.-—

-~

P7 grafting primer J

[ Flow cell surface
Il—.-..-.“—..-..-l I




Paired-End Flow Cell
Index Read 1 (i7)

[ Region complementary to P5 grafting primer J :

(Uinde 25

')

*

| P5 primer | =2 | SBS Sequencing Primer (HP10) |

L]
.lll

[ Sequence (Cycle 1) |

Lo 1l

W W e e e, .
LR U KR R R K

[ P7 primer |

| Index 1 (i7) |

P5 gra.ftlng prlmar

P7 grafting primer ]

[ Flow call surface




Paired-End Flow Cell
Index Read 1 (i7)

[ Region complementary to P5 grafting primer J :

Index 2 (i5) |

| PS5 primer |

| P7primer | 8¢ | Index 1 (i7) Seq Primer (HP12) |

= - !‘
Index 1 (i7) read - 8 cycles

i i

[ P5 grafting primer J

‘Lf

| Index 1 (i7) |

P7 grafting primer J

[ Flow cell surface




Index 2 (i5) index read w|
8 cycles |

LT 18 =

Flow cell surface ]




Index 2 (i5) index read
8 cycles

| 7 dark cyclasJ

1

[ P5 grafting primer J

<

I ill

Flow call surface ]




Paired-End Flow Cell
Paired-End Resynthesis

| Original strand | | New strand

i“ I

| Flow cell surface ]




raireq-cna riow well
Paired-End Resynthesis

| Flow cell surface




Paired-End Flow Cell
Read 2

[ Read 2 primer (HP11) ]

| Sequence )
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[ Flow cell surface




Sekvenacni technologie

Cycle 1:

Cycle 2-n:

Add sequencing reagents

First base incorporated

Remove unincorporated bases
Detect signal, deblock and defluor

Add Sequencing reagents and repeat



Sekvenacni technologie

The MiSeq sequences the DNA clusters using lllumina's Sequencing By Sythesis (SBS) Chemistry which
relies on Reversible Terminator Chemistry (RTC).

+ All 4 labeled nucleotides in 1 reaction

* Higher accuracy

A 0
£ ‘ f _.-'_x
0 - = /.L e
HM d
cleavage J
: fluor \ .
,J\ j site DNA o~ H“‘hll
07 TN N o
0 |ﬂl
Ppp/l,f-ﬂux
o Incorporation 3'|
3,‘ Detection OH free 3' end
block Deblock; fluor removal

Next cycle



Images Generated on the
Instrument

« MCS controls image generation on the Miseq

« One cycle includes the chemical addition and imaging of one base for each cluster on the
flow cell

« Forimaging, the MiSeq flow cell is broken up into imaging areas or tiles
« The number of tiles imaged depends on the flow cell type (standard, nano, or micro)

e For each tile, an image is taken for every base in every cycle
« Fourimages (one each for G,A,T,C) per tile per cycle

L] I r L1 "‘ll
r'r*«. 1 8
2 || g
3 || 10
4 |[11 ] ACG T
5 || 12
llumina 6 13
7 14

Standard MiSeq Flow Cell



BaseSpace

https://accounts.illumina.com/

@ Is a powerful website computing platform
@ for storing my genomics data on a cloud
@ for analyzing my sequences

@ for sharing my genetic data

BaseSpace ‘
Use Apps in the BaseSpace App

Store to interact with your
\ uploaded or shared data

o B |
~ e

Upload Sequencing Data &3
totheCloud

MBE


https://accounts.illumina.com/
https://accounts.illumina.com/

lon Torrent

lon PGM x lon Proton

P¥iprava templatu: Em PCA——
Sekvenace syntézou
Detekce uvolnénych protont —zmeéna pH

59



(@)

lon Torrent

e Signal
T P Sequence on Processing
emplate :
i Baad lon Chip and _
Base Calling

Prepare
Genomic
Library

(b)

Fragmented
Size-Selected
DNA

Adapted
Library
\ DNA

(c)
r

(d)
/.r"'_
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http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=3694666_btt212f1p.jpg

|

Product Name SKU #

lon 314™ Chip Kit 4482261
v2

lon 316™ Chip Kit 4466616
lon 316™ Chip Kit 4469496
lon 316™ Chip Kit 4483188
v2

lon 316™ Chip Kit 4483324

V2.

lon 318™ Chip Kit (4 4466617
pack)

lon 318™ Chip Kit (8 4469497
ack

lon 318™ Chip Kit 4484354
v2
lon 318™ Chip Kit 4484355

V2.

lon PI™ Chip Kitv2 4482321

Product Size
1 kit

4 pack

8 pack

4 chips

8 chips

4 pack

8 pack

4 pack

8 pack

8 chips

Number of Wells

1 million wells per
chip

6 million wells per
chip

6 million wells per
chip

6 million wells per
chip

6 million wells per
chip

11 million wells per
chip

11 million wells per
chip

11 million wells per
chip

11 million wells per
chip

165 million wells
per chip

Platform

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

lon Personal
Genome Machine®
(PGM™) System

List Price (CZK)
15.808,00

28.616,00

57.232,00

28.616,00

57.232,00

49.280,00

98.560,00

49.280,00

98.560,00

lon Proton™ System 129.130,00
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http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482261&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482261&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482261&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4466616&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4466616&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4469496&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4469496&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483188&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483188&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483188&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483324&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483324&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4483324&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4466617&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4466617&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4466617&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4469497&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4469497&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4469497&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484354&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484354&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484354&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484355&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484355&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4484355&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
http://products.invitrogen.com/ivgn/en/US/adirect/invitrogen?cmd=catProductDetail&showAddButton=true&productID=4482321&_bcs_=H4sIAAAAAAAAAK1R0W6CMBT9mr6MjBQIjD2qzMXMOBOyvddyhSZtwbZA%2BPtdRJ1Rs6clzW3Pubfl
nMNzQGi6NXXRcmc9EiZeDqYTHOwffOVcQ6IZCZe4%2Br73he6EM3UJ2ue1QtIKB7i1FgtoLFWtwK%2Bc
knidhNG4aOpMCyOmLxS3gAY4GNLgCcGa7byVtjihQE8KmMKPzr23QyuakbwV0pzU3qqJZinFtuhK
fVbzlWNhhTDA3di6XCDRkquCRNnq%2B33DmcuEbSQbFsxBWZsBVSD5AQNOoNBrL3sm7SMzWBMapK9H
VzkcWtBc6NJbVKK5y/JfLfzKz90g8XckI5zOUZajCAlr6EA%2BcjdpRuZzi2gvpAODaDqM72yYOj5z
cUTCOJxPrs5z2D/mEJ%2BSiK%2BzuEvuB9bxehmLAgAA&returnURL=http://products.invitrogen.com:80/ivgn/en/US/adirect/invitrogen?cmd%3DcatDisplayStyle%26catKey%3D601891%26OP%3Dfilter%26filter%3D101/201/601891*
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w I |

=% Set Up Cleantl Amplify

E Reactio Size B8 (Optional) Clean Up

) v g

Fill in’
2
EE 2 min. 0 min. 2 min. 0 min. 5 min. I min. 3 min. 3 min.
=
s
EE 5 min. 30 min. 2 min. 20 min. 30 min. 0-23 min. 12 min. 99-122 min.
i—.

mikroskopicke———
jamky

Inkorporace

.nukleotidlk\ j
™
i

g citliva vrstva

+

|

;-;." =

_/ uvolnéni
4 protonu




lon Torrent
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lon Torrent

Mucleotide incorporates
into DNA

incorporates Hydrogen ion
into DNA is released

Hydrogen ion
is released

Two bases Two hydrogen ions
are incorporated - are released ’___,__,--" ilgg ngg.jsge%n

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

lon Torrent
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Priprava knihovny — celogenomoveé
sekvenovani

Unamnplifies Library
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Priprava knihovny
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Priprava knihovny

AMPLIFIKACE KNIHOVNY (?)

NG

KVANTIFIKACE KNIHOVNY
- gPCR / Agilent
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2 462 368,37 1208,9
3 } 10 380 75,00 10,9 |Upper Marker
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69



Priprava knihovny

PRIPRAVA TEMPLATU
- Emulzni PCR

v
ENRICHMENT

N2
SEKVENACE

. Throughput*

Chip # Wells # Reads 200 Base Read | 400 Base Read
lon 314™ Chip v2 ~1.2 Million 400-500 thousand 30-50 Mb 60-100Mb
lon 316™ Chip v2 ~6 Million 2-3 million 300-600 Mb | 600 Mb- 1Gb
lon 318™ Chip v2 ~11 Million 4 - 5.5 million 600 Mb- 1Gb 1.2-2Gbyo
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lon Torrent

a Solution of dTTPs

&
\* gﬁ PPi
£

DNA polymerase e
\ l
\\ (
A0.02 pH
N // per base
%
Bead
S

~

lon-sensitive metal oxide layer

Electrical signal from ApH

Electronic transistor-based sensor )
identifies next base as A

Sensor array 1.5M 72M 13M 165 M 1,100 M
Transistors/sensor
5.1
um 5.1 um 3.8um o8
T 1.68 .8 um
Sensor layout 8 um y !
Bead
2um 2um 2um 1um 0.4 um
Status Commercialized Commercialized Demonstrated Proof of concept Proposed

(@) Schematic of a well on an ion sequencing chip.
Clonal DNA immobilized on a bead is extended by
polymerase in the presence of a pure solution of one
nucleotide (here 'T'). Nucleotide incorporation
releases a pyrophosphate (PPi) and a hydrogen ion.
The change in pH caused by release of the hydrogen
ion alters the surface potential of the ion-sensitive
metal oxide layer. This is converted to a voltage signal
by transistors. The wells are washed and exposed
sequentially to pure solutions of other nucleotides. For
comparison, in high-throughput pyrosequencing, the
pyrophosphate is converted to chemiluminescence by
an enzymatic cascade and optically imaged. The size of
the well relative to the bead has been exaggerated,
although each well contains a single bead. (b)
Evolution of ion sequencing chips. Increases in sensors
per chip can be achieved by increasing the physical
area of the sensor array, reducing the number of
transistors per chip, arranging the sensors in a
hexagonal rather than rectilinear geometry and
reducing the well and bead size. Sensors are drawn to
scale, and gray indicates sensor area not accessible to
fluid. The 13-million (M) sensor design was used by
Rothberg et al.1 to sequence DNA from both
Escherichia coli and human. Data for a fixed ('key') DNA
sequence was shown for the 165-million sensor
design. The 1,100-million sensor design was proposed
but its feasibility was not shown.
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http://www.nature.com/nbt/journal/v29/n9/full/nbt.1965.html#ref1

lon Torrent

New lon S5
,simplicity/speed/scalability/small sample input/service & support”

https: / / www.youtube.com / Construct library Prepare template Run sequence Analyze data
watch?v=jFCD8Q6qSTM&eb .
c=ANyPxKrMLmAe4Nmia2N _/;, _/;‘-« _/
3RFr_1QbGUsOzcel2sManlJ

5gS09XPCofTb- Hands-on time: 15 Hands-on time: 15 Hands-on time: 15 Hands-on time: N/A
OcUvidbzQhD gKRKTL- minutes rines ines T
XBahDEvoV6uOnm 78yvaG- lon AmpliSeq Panels on lon Chef System lon S5 or lon S5 XL

eA the lon Chef System Systems
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https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA
https://www.youtube.com/watch?v=jFCD8Q6qSTM&ebc=ANyPxKrMLmAe4Nmia2N3RFr_1QbGUsOzceI2sMqnIJ5gS09XPCofTb-0cUvJdbzQhD_gKRKTL-XBahDEvoV6uOnm_78yvaG-eA

lon S5 System

Simple workflow for panels, microbes,
exomes, and transcriptomes

lon S5 XL System

Simple, rapid workflow for panels,
microbes, exomes, and transcriptomes

lon 520 lon 530 lon 540 lon 520 lon 530 lon 540
Chip Chip Chip Chip Chip Chip
Reads 3-5 million | 15-20 million | 60-80 million | 3-5 million | 15-20 million | 6080 million
200 bp 0.6-1 Gb 34 Gb 10-15 Gb 0.6-1 Gb 3-4 Gb 10-15 Gb
Qutput’
400 bp 1.2-2 Gb 6-8 Gb — 1.2-2 Gb 6-8 Gb —
200 bp 2.5hr 2.5h0r 2.5hr 2.5 hr 2.5 hr 2.5hr
Run times
400 bp 4 hr 4 hr — 4 hr 4 hr —
200 bp 5hr 8 hr 16.5 hr 1hr 2.5 hr 5hr
Analysis
time’
400 bp 8 hr 17.5 hr = 2hr 4 hr =

* Expected output with >89% aligned/measured accuracy. CQutput dependent on read length and application.
1 Analysis time to aligned BAM files.
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O platformach

http://dnasequencing.yolasite.com/next-

generation-sequencing.php
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http://dnasequencing.yolasite.com/next-generation-sequencing.php
http://dnasequencing.yolasite.com/next-generation-sequencing.php
http://dnasequencing.yolasite.com/next-generation-sequencing.php
http://dnasequencing.yolasite.com/next-generation-sequencing.php
http://dnasequencing.yolasite.com/next-generation-sequencing.php

Pocet Eteni/run

Primérna délka ¢teni [bp]
Doba béhu

Vyhody

Nevyhody

Shotgun knihovny

Amplikony

Srovna

454 (Junior/FLX)

100 tis/1 mil

450/700
6/24 hodin

délka cteni, presnost, rychlost,

pracnost, cena, chybovost v
polymorfismech, nizké outputy
- techynologie je tak draha, Ze
jiz neni vice
konkurenceschopna

400 bp.,
”

[
450 bp 600 bp

[——— ]
600 bp

450 bp
Cal

450 bp

rl

450 bp

ni:

[llumina (MiSeq/HiSeq) lon Torrent (PGM/

35-50 milion PE/ 5,5 mil/

8 miliard PE 60-80 mil
2x300/ 2x250 400

1/10 dni 7/4 hodiny

snadna pfiprava, velké
mnozstvi sekvenci, nejnizsi
cena

rychlost, relativné nizké
naklady, rizné Cipy (outputy)

vV

nizsi presnost na konci readll, chybovost v
interference u nizkodiverznich homopolymerech, EM PCR
knihoven

400 bp-.
— 250bp,, A )
) 450bp 600 bp
600 bp
—_—
600 bp
00 bp
3005 a50bp,
250 bp 1006 450bp
P
Overlap
150bp 450bp
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