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Development in metagenomics is linked to
technological advancements

 Better, cheaper, faster

1 human Genome
3.000.000.000 USD
13 years

Cost per Raw Megabase of DNA Sequence

000.
OO
9,

Moore's Law

National Human Genome
Research Institute
S ¢
genome.gov/sequencingcosts ARG 0y 00”, 1 human Genome

¢

talioonl < 1000 USD
T
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cost of sequencing

 Cost of storage and analysis is comparable to
» Standard comparisons fail (N*N)

» Just transferring and storing the data

« Extreme data size causes problems
 Think in fast and parallel programs

« Standard/old tools can not be used

NGS & bioinformatics
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How it works
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Second generation sequencing

 |[llumina sits on 90% of the market

BGISEQ
lllumina
E —
~— 3 454 Ion Torrent (PGM) S
| ' e
—
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Library preparation
1.Create library molecules
2.Amplification (PCR)
3.Massive parallel sequencing
——— L - — DNA from extract
B . l
Library —m—— ————— Fragment & polish DNA ;

— Adapters :::

L — |

Library molecule
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Amplification and immobilization

 Emulsion PCR (454, Solid, lonTorrent): Water, oil, beads, one DNA
template/droplet

100-200 million beads

<7
_ - %ﬁ Sk
HH ;&ﬁ&%

- okt

Chemically cross-
linked to a glass slide

Template
ampllﬂcatlon emuls:on dlssomatlon

N VX P

g P rimer, ‘[ empl | te,
- dNTPs and polymerase

Sample preparation
DNA (5 ig)

Bridge PCR (Illumina): One DNA
template/cluster, primers on surface,
grow by bridging primers

0w f oW |
- W /
L !
N R T
|
™ v\ 100-200 million molecular cluster
|

Bridge amplification

Introduction to NGS technology
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lllumina sequencing
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Amplicon sequencing on lllumina

* Why can’t you just fill your Illumina flow cell with amplicon libraries?
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Index hopping

 Index hopping in some cases creates several percent cross-talk
« Dual indexing eliminates index hopping

MNormal Multiplexing and Alignment

Demultiplex Align

Library Preparation Pool Sequence

L L]

Index Hopping and Misalignment
i5 index hopping

4

i7T index hopping -]
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Fluorescence detection

lllumina - Cyclic reversible termination Pyrosequencing

[4
Roche/454 — Pyrosequencing

1-2 million template beads loaded into PTP wells

n_. . HH '- B g - i_ Flow of single dNTP type across PTP wells —~ B
Add all dNTPs labelled w. 11g %. 1%1 Load template beads into =
diff dye wells
> >
! ! r
| Flow one dNTP across wells =
Create four-color image “1“'. ﬁ1 niﬂ-— 1
\L/ \I// Polymerase incorporates 0
nucleotide }) ™

Sulphurylase " |

Release of PPi leads to light
’ -

Light and oxyluciferin

Cleave dye and repeat next 1 1 1 1

cyele A R ¢
o> |maging, next ANTP
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lllumina: Quality deterioration

° . w0 Quality scores across all bases {(llumina 1.5 encoding)
Quality goes down B o NN Ee=apate
* Especially 2" read & ‘---—-!!!llll L
. 24 I -
« Can you think of why? = §
 Efficiency of " T
Incorporation 2 1
* Polymerase 16 -
incorporation of base ..
* Enzyme that cleaves ° il
the dye j 11

1 2 2 4 5 & 7 8 4 15-1% 25-2% 325-3% 45-4% 55-59% £5-6% 7F5-74% B5-85% 95-39
Fosition in read {op)
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NextSeg/NovaSeq

« Chemistry is not based 4 dyes (as before) but 2 dyes
— T (red), C (green), A (both) and G (none = “dark”)
— Faster processing rate and cheaper reagents
— Slightly increases error rate
— Problem with G stretches because G is not dyed
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lon Torrent

Similar principle to 454

Library: Emulsion PCR

Based on semiconductors

Detection is based on H ions (pH) changes

Micro-machined wells

incorporates Hydrogen ion
into DNA is released

lon-sensitive layer ——

Proprietary lon sensor————=
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BGI-Seq

ssDNA -> DNA nanoballs Use silicon chips with sticky spots

DNA Nane-ball (DNB)

' e e e @
— Ad-inserted P Al
(‘__ | ss DNA circle P e e e @
|

2 Magnification of a
O '/-\/3 section: Each spot
O~ will accommodate

& only a single DNB
| ™ "/:\/ Silicon substrate consisting of 12 slides
\“'

\O

\

\\\"\__}f

Sequence using ligase and
flourescent labeled probes

Probes

umucuulu'unl
nmu;{uul‘i'uul

1-«4‘1M1|MMN|

ol W 4 H EEEE!
Patterned )
substrates

Matching
probe binds to
DNA Ii(};ase binds genomic DNA
matching probe
to anchor

Each spot contains
a single DNB

Anchor
NEN NWIN N N N
EELE 4444 |==Hm~l4
Adaptor " Genomic DNA
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3rd generation

» Single-molecule sequencing
* No amplification -> less bias

Flongle SmidgION

-~

>~
=Y
W71\

GridIONxs PromethlON

Helicos PacBio Oxford Nanopore
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Oxford Nanopore

« Litteral nanopores
» Current per base
* Non-random errors

4. juni 2019 DTU Sundhedsteknologi

DNA can be sequenced by threading it through a microscopic pore in a membrane.

Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

—— DNA DOUBLE
HELIX

2

*altade

© A flow of ions through
the pore creates a current.

\ Each base blocks the

© One protein : flow to a different degree,
unzips the Y altering the current.
DNA helix into o
two strands. L = = GATGCCG |

|~ e
A second g: !
protein creates a, '
a pore in the ® :
membrane : |
and holds - |
an “adapter” 4 i
Eeati e © The adapter molecule

Ffo

keeps bases in place long
enough for them to be
idenfified electronically.
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Cheap & mobile

« Long reads, low quality
* Low establishment and maintainance costs
 Portability
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PacBio

« Expensive machinery
* Not very portable
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Flexible PacBio

* Flexibility
— Long but low quality or shorter but better reads

— Robust
High-throughput sequencing

€ Pcro Library preparation
@ BIOSCIENCES"

SMRTBell'template’

P4 “ gl
i SRR RS e i
g e N

Large Insert Sizes Single pass

Circular'Consensus'Seguencing'
Continued generations

of reads

Small Insert Sizes

Multiple passes b

XA
KORWE CENTRE
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Tiny wells

* 1 million wells per cell
« Hit the lights

I by —

Introduction to NGS technology
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Epigenetics

« DNA modifications an be detected
 Virus & plasmid hosts can be identified
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Summary

* lllumina is the current workhorse
— Great for many applications
» Long read technology
— Adding information
— Resolves difficult regions during genome assembly
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Deliverable IV

* Prepare a short report (1 page) describing the difference between generations of sequencing
methods (1st, 2nd, 3rd generation sequencing methods)

* You can choose one example per generation
« Should include: How it works (chemistry), data output, strengths & weaknesses
» Which sequencing platforms are most useful for metagenomic analysis Include distinguished

publications/references
* Hand-in next Monday 23:59 to Gisle @ gisves@dtu.dk

Inspiration: Goodwin et al. Nature Reviews 2016 (on CN)
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