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Fluidics
subsystem

Optics
subsystem ‘ 4

Keyboard & mouse

Genome Sequencer FLX
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Conventional Sanger sequencing
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Sanger Sequencing

DNA polymerase, dNTP’s
and dye-labeled dideoxy-
nucleotides (terminators)
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Next Generation Sequencing

Mass Parallel Sequencing of unique DNA molecules

Main NGS platforms:

* PacBio
« Oxford Nanopore
 [[lumina

 |on Torrent
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Throughput vs readlenght

Gigabses per run (log scale)
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Differences in Sequencing Strategies

CONVENTIONAL NGS
one sample «—> Pool of molecules
one tube «—> one reaction vessel
one reaction «—> many reactions

one result <« many results
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Several NGS strategies

Single molecule vs clonal amplification
» Sequencing by synthesis

» Sequencing with terminators
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Two approaches

Single molecule Clonal amplification
e SMRT sequencing o Amplify a single molecule to
obtain a pool of identical

Detection of incorporation of dNTPs

in a single molecule (PacBio) molecules

« Nanopore Sequencing » Emulsion PCR (lonTorrent)

» Polony formation (Illumina)
Pulling a lineair (c)DNA / RNA strand

through a nanopore (NanoPore)
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Single vs Amplified

Single strand Clonal Amplification
* No amplification, no bias  Strong signals

* No copying erros * PCR errors are averaged
* Long reads * High throughput

* Modifications stay intact
- PCR bias/errors

- Very low signal - Short reads

- High error rate (~14%) - Loose modifications
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Next Generation Sequencing

Mass Parallel Sequencing of unique DNA molecules

Main NGS platforms:

« PacBio Single molecule, labeld ANTP’s

* Oxford Nanopore
* [llumina

 lon Torrent



Single Molecule Real Time sequencing
(PacBio)

b Phospholinked hexaphesphate nuelectides
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Epifluocrescence detection



(PacBio)

Polymerase Read:; ===

~ ) /

Subreads: |

Circular Consensus Sequence (CCS) Read:



Next Generation Sequencing

Mass Parallel Sequencing of unique DNA molecules

Main NGS platforms:

* PacBio
« Oxford Nanopore Single molecule
e |llumina

 lon Torrent
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Single Molecule sequencing
(Oxford Nanopore)

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 K
HELIX

© A flow of ions through
the pore creates a current

Each base blocks the
© One protein flow to a different degree,
Bn;iAps r”tal"l'e - altering the current.
i in
two strands.
GATATIGCTTTTGATGCCG
O A second
protein creates
apore in the
membrane
and holds
an “adapter”
T © The adapter molecule
keeps bases in place long
enough for them to be

identified electronically.
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Next Generation Sequencing

Mass Parallel Sequencing of unique DNA molecules

Main NGS platforms:

* PacBio
« Oxford Nanopore

* |llumina Clonal amplification, terminator Seq

* lon Torrent Clonal amplification, synthesis Seq
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Clonal amplification

> Illumina (polony formation)

Repetition forms clusters
of identical strands

> lonTorrent (emulsion PCR)




Next Generation Sequencing platforms

AMC / VUmc
* PacBio * [llumina
> Sequel Il > MiSeq
» HiSeq 4000

* Oxford Nanopore
> Minlon * lon Torrent

» GeneStudio S5 Prime
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High-throughput sequencing

I
I
Sanger i

ABI
!
Run time 96 samples/ !
sequencer hour :
g
5 *105 X 500 bp
Through put v :
250Mbp/ ;
year! i
I
!
Max sequence I
length 500 bp :
!
Analysis time | 15 min sample :
I
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Workflow

Sequencing clonally amplified DNA

Library preparation

/\

Emulsion PCR ‘Polony’ PCR on chip

Sequencing by synthesis Sequencing with terminators
(lon Torrent) (Illumina)

Data Analysis
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Library preparation

platform specific adapter ligation / primers to (c)DNA fragments

barcode



AmMsterdam UMC

Universitair Medische Centra

Barcoding > multiplex advantages

Libraries

-
v

v

v

v

No barcode

v

v
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Workflow

Amplified Single Molecule Sequencing

Library preparation

T~

Emulsion PCR ‘Polony’ PCR on chip

Sequencing by synthesis Sequencing with terminators
(lon Torrent) (Illumina)

Data Analysis
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Single Index Illlumina Library

Read 1 Seq
primer
P5 —-oo o > m——p------n > P7
000000000 = 000000000000000000000000000 00000000000000000

Sequence of intererest
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Single index Paired End Sequencing

| \ |

Primer P5 annealing & extension

L Pl — 1 —

Denaturation of forward
strand

Surface of flow cell, coated
with a lawns of oligo’s
(Primer 5 & Primer 7) !

ﬂla—uﬂl—u 1=

Bridge amplification Linearization by denaturation Bridge amplification
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Single index Paired End Sequencing

7 Blocking of 3’ ends

' *
**
Denaturation
dsDNA & wash
N\ i\ i\ — i % —_—
Linearization by denaturation Annealing primer
& reversed strand cleavage read 1 & sequencing

'

deblock i ii \

Annealing P5 primer &
bridge amplification

Denaturation
* dsDNA & wash
“1|
Annealing primer

index 7 & sequencing

7 Blocking of 3’ ends

| *
L*
l |
Linearization by denaturation ~ Annealing primer read 2

& forward strand cleavage & sequencing
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lllumina MiSeq

Status bar

) Touch screen monitor
Enclosed optics module -
External USB ports

Flow Cell Compartment _| Reagent compartment

/ '

Flow Cell Latch

Flow Cell Compartment Door
Flow Cell HrE
Flow Cell Stage Flow Cell Latch =
g I} /j )

Release button

Imaging Area

Outlet Port » Inlet Port
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Workflow

Amplified Single Molecule Sequencing

Library preparation

T~

Emulsion PCR ‘Polony’ PCR on chip

Sequencing by synthesis Sequencing with terminators
(lon Torrent) (Illumina)

Data Analysis
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Emulsion PCR

clonal amplification of DNA fragments

A + PCR Reagents
B + Emulsion Oil
Micro-reactors
library DNA Mix DNA Library Create
& capture beads “Water-in-oil”
(1 cpb) emulsion

Annealing of
sequencing
primer

“Break micro-
reactors” R
enrich for DNA- Perform emulsion PCR

positive beads
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Emulsion PCR

® (- | s P & ) - Preferably 1cpb (clonal amplification) ®)— ”"%
.
® .
. ¢ )
. No product @ e
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| YA Also possible: ¢ 1 copy, 22 beads '@ @
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Workflow

Amplified Single Molecule Sequencing

Library preparation

T~

Emulsion PCR ‘Polony’ PCR on chip

Sequencing by synthesis Sequencing with terminators
(lon Torrent) (Illumina)

Data Analysis
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Micro-machined wells

lon-sensitive layef —————

Proprietary lon sensor —————=
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lon Torrent
Semiconductor sequencing

PPi dNTPs
e

Primer 9’

Template
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Fast (real time) Direct Detection

dNTP
T8

DNA - lons - Sequence

* Nucleotides flow sequentially over lon semiconductor chip

* One sensor per well per sequencing reaction

* Direct detection of natural DNA extension, no camera’s
* Millions of sequencing reactions per chip

» Fast detection, fast cycle time, real time detection

Sensing Layer
Sensor Plate . — . . . . Wy

Bulk Drai S ik . A
s e DA RN A PIRARY

1 ] O b
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Sequencing Workflow

The signal strength is proportional to the number of nucleotides incorporated

4-mer <= | :T e?/

|| mm¢ flowOrder | .
N
2-mer <¢
1-mer

HE

ac gt acgtacgtacghac ghacgtacgtacgtbacgtac goac gt ac g ac gh ac gh ac gtacgtacgts
E100 1001010020202 220101020101 1002 2101001020101001001 1020100101111 02

o R

Key sequence 9

lacgtacgtacgrac gracgracgracgtacgtacgtacgracgtac
O1@01112021001010010011 100110300 10100101,

T

£
Edq
£

Key: TCAG for signal calibration and normalization
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GeneStudio S5™ Sequencer
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Summary NGS techniques

 Single Molecule: PacBio & Oxford Nanopore

» Sequencing by terminators vs detection by AV

* Clonally amplified DNA: Illumina & lon Torrent

» Sequencing by terminators vs synthesis
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Same dataset,
different p

ipelines

Impossible to assemble / align manually



Applications Next Generation Sequencing

» Genome sequencing
= Epigenome sequencing
* Metagenome sequencing

* Transcriptome sequencing

Single Cell sequencing



Applications Next Generation Sequencing

» Genome sequencing
= Epigenome sequencing
= Metagenome sequencing

* Transcriptome sequencing

Single Cell sequencing
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Genome sequencing:

* De novo sequencing
* Whole Genome / Exome Sequencing
« Targeted resequencing - Amplicons

- Hybridisation captures
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Genome sequencing:

multipk: rmolecules of genomic DA

« De novo sequencing —

Break genomea maleculas
into savaral piecas
ak random positions,

* WGS =

Detarmine tha DMA sequence for each pieces,
Find owerlapping sequencoes

Reconstruct the ariginal sequence
¢ fram the cverlapping pleces [asemblyl.

5. Porbes, wersgecepiza com



\’l Amsterdam UMC

_ S —

Genome sequencing:

v’ selected gene panels,

* Whole Exome Sequencing
v' mutation analysis (SNPs, low frequent mutations etc),

« Targeted resequencing
v’ structural variation (deletions, insertions, inversions, CNVs)

v' mitochondrial sequencing
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Hybridization target capture

Linker —
ligated to DNA

+ Hybridization to probes

AmMsterdam UMC

S —

-

Target-specific °

Probes captured
by beads

probes
|
Target-specific
probes

=3

(Multiplex) Amplicon sequencing

Genomic DNA

D
Multiplex PCR
lon AmpliSeq™ Primer Pool

CC . )
CC )
CC I |
CC .
1 Partially digest primer sequences

X I

Barcode Adapters
P1 I

Ligate adapters

X P1
T Barcoded library
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Read Coverage: Captures are not uniform

posiﬁon-"search|Chr92‘|25.950.?53-‘| 33.460,752 Jumpl clear | size 7,500,000 bp. _ configure |

chrg (Q33,3-034.13)

scale 2 Mt |
o chra: | 1265086a8] 127688604 12 | 1 | 1 | 1 | 1 | 1 | 1 | 151 888888| 151 | 1 | 1 | 1
195 _ read_coverage

rean_coverage

g _
Target Regions

target_region
MimkleGen Tiled Regions

tiled_region
|— Your Sequence from B Zarch
roursed | roursea l

Scale 18 Ki} 1
| chrs: 130880808 130065 008] 138070058] 130875008
48 _ read_coverage
resd_coverage
o 1o
Target Eegions
target_region
i ETAEE 126 Feg =
= tited_rezion] HIEN W [l 1] [ _ Al 8 Wil ) | |] 1 e 11 I I HIIENE mEE
= Sedusnce from BIat Search
] UCSE Genes Bassd on Re UniProt, GenBank. CCOS and COMBARAtive Genamics
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Summary genome sequencing

* De novo sequencing
* Whole Genome
« Exome Sequencing

 Targeted resequencing
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Pause



Applications Next Generation Sequencing

= Genome sequencing
= Epigenome sequencing
* Metagenome sequencing

* Transcriptome sequencing

Single Cell sequencing
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Metagenome Sequencing

Isolate and purify
environmental- Extract microbial Digest DNA into NGS library prep
associated samples genomes fragments & sequencing

GGG ”‘I"' "-'I.T'I'-‘-'I' ’“l.'i."r'-." "’l.' ATCOTAGGCGCOCATRATG
TTOE G SCOTCAGTAAGG

..-_.
N

AGATCCETAGT mmmmmmmnm
CCATAACTO CTAOCRTEA

— I_> GTATS CAANCAATOL GRS A 1]
= —— rMTLLE&TFTEEEGﬂIﬁTﬁTGEﬁGDbGTHEETHLTTEHGTAGATU:TGGETTTWTG“EETE
a? TATATAGCASTAT GCTCCC GATCCCATTTGE TCTATATCEGOG TACGCAT

Bioinformatic analysis
of reads and

reconstruction of
microbial genomes O O O
—— — ldentification of
0 microbial species




Applications Next Generation Sequencing

= Genome sequencing
= Epigenome sequencing

= Metagenome sequencing

Transcriptome sequencing

Single Cell sequencing
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Epigenome sequencing

Genetics

I\‘ Epigenetics

« are stable heritable traits that cannot be explained
(COmPlex) disease by changes in DNA sequence

» describes gene regulation processes that drive gene
I/ expression in relation to (cell) differentiation and
development

Environment

Epigenetics: bridge between “nature” and “nurture”
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Epigenetics is involved in:

(in)activation of genes during development

X-chromosome inactivation in females

Genomic imprinting (parent specific active alleles)

(in)activation of genes under influence of the genetics / environment

Peter Henneman © 2017
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NGS approaches Epigenetics

 DNA-methylation
* Histon modifications

* Chromatin remodelling
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* DNA-methylation

cytosine 5-methylcytosine
H H H H
N7 NS
H H.C
4\ N . Ny

5 1 /k methylatlon | /k
N (0

Peter Henneman © 2017
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Enzymatic digestion ~ CH;

Bisulfite Conversion of DNA . P

ki Iddemmed 0 0 [clelommd 00 KX

CH, 1 End repair & A-tailing
CH,
Unmethylated Methylated
NH, NH, CGG s CCGA
l CH AGCC s GGC
uf’c\c _— Né'c\i/“’
CH Adapter ligation
0 SN” 07 N7 3 1
/ et ~ I
Bisulfite TCGG mn CCGA
. I
fzonverslon AGCC GGCT——\
l l CH, l Bisulfiet conversion
0 N l
I I S T (GG UUGA
SN '.-//L \,:/'}4: AGUU GGCT\
vl fci
1')¢ \M/- 04“\"/.- P .
Herman et al.(1996), PNAS vol.93, pp9821-26 CH 1 PCR amplification
3

\TCGG s UUGA
AGUU n——— GGCT\

TCA A CCGARNEEEREER
AGTT s GG C T

PCR primer P5
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 Histon modifications rve EE
marker 800k

Most common Histone modifications:

* Acetylation N
* Phosphorylation
: — ChlP seq
* Methylation
 Ubiquitylation et | B
- s e e
R2 & Ti-methyiaton () Phosphorylation

Peter Henneman © 2017¢
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Chromatin Immuno Precipitation (ChIP) Sequencing

Crosslinking

Antibody against e.g. H3k27Ac

Sequencing

Mapping

Peter Henneman © 2017
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* Chromatin remodelling

Gene “switched on”

« Active (open) chromatin

« Unmethylated cytosines
(white circles)

« Acetylated histones

Transcription Factors /
Co-activators

Gene “switched off”
« Silent (condensed) chromatin
+ Methylated cytosines
(red circles)
« Deacetylated histones

l— Transcription possible —l
/! A (A

HAT

T __ Chromatin
Accessibility

Chromatin looping

PROMOTER
GENE BODY

ENHANCER

Chromatin Interaction

GENE BODY

Peter Henneman © 2017
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Chromatin Accessibility Chromatin interactions: Hi-C

V 1 ATAC-seq
DNase-seq

MNase digestion DNase | digestion Tn5 tagmentation . .
p Cut with Fill ends =
restriction and mark Purify and shear DNA;  Sequence using
Crosslink DNA enzyme with biotin Ligate pull down biotin paired-ends
N7
Endonuclease activity Tn5 transposome -
activity of MNase of DNase | , :d;-;_
Exonuclease activity of MNase ( S
DNA DNA DNA ==
purification purification purification _5?&
A~~~ Lib AN o~~~ é é
ibrary A A~ PCR amplification
A~~~ i ENTSTNT A~~~
preparation : to add barcodes
M and sequencing Sucrose gradient BN~~~ and sequencing o
Sequencing adapter centrifuigation

A~~~ Single-hit
IS (long) fragments

~ 7 Double-hit
~— -~ (short) fragments

\/

. ;
Library preparation
[ ] and sequencing of

== =i Mind the tissue but cell cycle as well !!

Peter Henneman © 2017
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Summary Epigenetics approaches and techniques

Important confounding factors / bias in Epigenetic studies

 DNA-methylation Biological:
« Age
 Gender
« Histon modifications * Tissue (cell mixture)
Technical:
» Chromatin remodelling L
» Passage (cell culture)

Medium (cell culture)

Epigenetic change



Applications Next Generation Sequencing

= Genome sequencing
= Epigenome sequencing
= Metagenome sequencing

* Transcriptome sequencing

Single Cell sequencing
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Transcriptome sequencing Genome - MRNA - Protein

Protein

. transcription translation
-coding AV VaVaVe , N M -
Repetitive DNA <3% PASAANAN s NN
DNA mRNA
Interspread repeats (SINEs,LINES) protein
Processed pseudogenes .
Simple sequence repeats Transcriptome
SEHTETIE GUPIEEIET Non-coding Circular RNA (circRNAs) (100- >4000 nt)
Blocks of tandem repeats >80%
circRNA
Exon1 intron 4 Exon 2 o Exon 3
o . sense strand J E—
Transcriptional RNA 7IVIVIVIVIUIVIVI VI RVI VTV
=20 antisense strand
tRNA (70-100nt) -> Translation
rRNA (120-4700nt) > Translation s | @ O { O
one_exon annot_exon intronic  exon_intron intergenic antisense
==
Small non-coding RNA <300 nt
_ o : Long non-coding RNA >200 nt
mMiRNA (18-24 nt) > Post-transcriptional gene regulation
piRNA (26-31 nt - Germ line transposon silencing IncRNA
SNRNA (-150nt) > pre-mRNA :::plicjng . Gromgter: kitronic — T
SnOoRNA (60-300 nt) = RNA modification, rRNA processing aécoitnad — - —
scaRNA - RNA modification sense strand ﬁlr-—-+ )
Y RNA - DNA replication, small RNA maturation 7QFVI VT T VI VT VLTI I VTV Ve
o — fe=| antisense stran

VRNA (88-98nt)

siRNA (21-23nt) antisense bidirectional
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Relative abundance of RNA species

RIN (RNA integrity number)

Relative abundance (%)




\’l AmMmsterdom UMC

_ S —

Relative abundance of RNA species

Relative abundance (%)

RIN (RNA integrity \

[FUl |

o N &2 O @

| 1
T T T T T T T T T T
20 25 30 35 40 45 50 55 60 65[s]

Overall Results for sample 6 : Sample 6

RNA Area: 294

RNA Concentration: 25 ngfpl

rRNA Ratio [28s / 18s]: 25

RNA Integrity Number (RIN): 10 (B.02.08)

Result Flagging Color: 1

Result Flagging Label: RIN:10

Fragment table for sample 6 : Sample 6 —_—
Name Start Time [s] End Time [s] Area % of total Area
188 41.07 43.32 59 202

288 48.07 50.85 146 496
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Relative abundance of RNA species

RIN (RNA integrit ,

N
Sample 3
—
R
N—
Q
O
C
©
©
% 0 1 000
_Q Overall Results for sample 9 : _Sample 9
fU RNA Are 1104 NA Integrity Nurmies 9 (B.02.08)
q) IRNA [28s n.n"gm nmeeI: l%l(
> Fragment table for sample 9 : _Sample 9 —
o p— me  Start Size [nt] End Size [nt] Area total Area
whd 1,59 158 1
©
T
(a'd
‘e' Oi




Y| ﬂmsterdom umc

What kind of RNA have | isolated?

MRNA
tRNA processing

rRNA

lincRNA

Antisene RNA
miRNA

production

degradation
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Approaches for transcriptome sequencing

Gene expression Target poly(A) mRNAs (enrich or selectively amplify).

Alternative splicing | Target exon/intron boundaries by either doing long read sequencing
(>300 bp) or paired end read sequencing (= 2 x 100).

miRNA (small RNAs) | Target short reads using size selection purification because miRNAs are
in the 18-23 bp range.

Non-coding RNA Directional RNA sequencing is critical (strand-specific)
Anti-sense RNA Consider combining mRNA expression with directional RNA sequencing

Single cell RNA Critical challenge is the technical noise created by amplification.
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Preparing RNA for next generation sequencing

The core steps in preparing RNA (or DNA) for NGS analysis are:

» RNA isolation: kit used, maintaining integrity and complexity '

o
» converting target to double-stranded DNA ."
o

» fragmenting and/or sizing the target sequences to a desired length

» attaching oligonucleotide adapters to the ends of target fragments

scf.\p"s
» quantitating the final library product for 'fu\\ \en%‘“,“a“
e fof

s - ‘t“ ° [
PCR ;";C‘RNASGQ‘_”,‘,“rlcatlon bias
\
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Dependency of recovered reads on library prep protocol

RNA concentrations were 5ng, 500pg and 50pg

100.00
90.00

80.00

oD B Al aligning reads
s All aligning reads mapping
50.00 to unique genomic positions
40.00 " Putative PCR duplicates
30.00
20.00
10.00

0.00 NNRNNNENEANNREREEE AN Ry NN eErn

.:-_~E-.._E-3~ hh kh ‘-;hh‘ . .

Clontech Mlltenyu NuGEN Slgma

% of all reads

Shanker S etal. J Biomol Tech. 2015
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Dependency of recovered RNA biotypes on library prep protocol

A 100.00 - - -
g e ll

s000 §E311ER1 H ““‘|’|.. A
80.00 - \k\‘s\.

70.00 | (a‘f\O‘\ | Exonic reads
60.00 - I- ~ eva B Intronic reads

50.00 - (ﬂ Q( Ribosomal reads
4000 § & \-\b"a IR R L . B Intergenic reads

30.00 B splice junctions
| | ' | | Novel splice junctions
_

% of total

= ot \JO
||Il1|

Clontech Miltenyl NuGEN Sigma RZ TS

Shanker S etal. J Biomol Tech. 2015
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Summary transcriptome sequencing

Which ¢« RNA,
* tissue — quality and quantity

* jsolation kit

* library prep kit

sequencing platform



Applications Next Generation Sequencing

= Genome sequencing
= Epigenome sequencing
= Metagenome sequencing

* Transcriptome sequencing

Single Cell sequencing
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Single Cell biology impacts most areas of research

Neurobiclogy

Yong Wang, Nicholas E. Navin
Advances and Applications of Single-Cell Sequencing Technologies

Mol Cell, Volume 58, Issue 4, 2015, 598-609
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Scaling Single Cell Transcriptomics

Integrated Fluidic  Liquid Handling

Manual Multiplexing Clrcwts Robotics . Nanodroplets JPicowelIsL Insitubarcoding
> 1,000,000 10x Genomics
S 100,000 Drop-seq i
o ' CytoSeq ~ © mDrop Q@ sci-RNA-seq
Y 10000 MARS-Seq 0 DroNC-Seq
c Y (o) ®)
.:Q 1,000 Fluidigm C1 3 O e % QbSeq—Well
D STRT-Seq CEL-Seq S T Q)
U 100 Tangetal | o © 0969
= o O o] o\Smart -seq2
= 10 SMART-S e
= -Seq O
oo Tang et al
N 1 o—-=
S O O XV & \a X 8O )
S T N T N

Study Publication Date

V Svensson, R Vento-Tormo, SA Teichmann
https://arxiv.org/abs/1704.01379



https://arxiv.org/find/q-bio/1/au:+Svensson_V/0/1/0/all/0/1
https://arxiv.org/find/q-bio/1/au:+Vento_Tormo_R/0/1/0/all/0/1
https://arxiv.org/find/q-bio/1/au:+Teichmann_S/0/1/0/all/0/1
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Single Cell Isolation, approaches and sequencing

Single cell

Method of isolating
individual cells

Approach to parallel

sequencing of DNARNA

\

Material isolated

Final treatment steps
before sequencing

Sequencing
technology

Droplet

. III [
encapsulation ',

Parallel
amplification

Manual
manipulation
or FACS

Wﬁ;n

emical

4

tment

scChlP-seg  scATAC-seq scDNase-seq

Micro-fluidics

Chromatin

4

Enzymatic
e atment

71

scDamiID seHIC

By Kierano - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=6320266
6
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Technical possibilities in Single Cell Seq

Single Cell Genomics
Copy Number Variation

Single Cell Transcrintomics

' Gene Expressmn Profiling

ud e 1 1\ I—I\'.I wddIJ/IT wiNIJI 1IN

* Gene Immune Proflllng (& Cell Surface Protein (cell hashing))
» Gene Immune Profiling (& Antigen Specificity)

Single Cell Epigenomics
Chromatin Accessibility (ATAC)

Spatial Transcriptomics
Spatial Gene Expression Profiling


https://spatialtranscriptomics.com/

Why Single Cell (mRNA) sequencing?
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Protein expression is proportional to gene transcription
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Individual cells behave differently from the average of many cells
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Individual cells behave differently from the average of many cells
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Cell Number
Expression Fold Change

. Global Population: 1.5x . Population B: -2x

. Population A: 1x . Population|C: 4x
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Pooled cell data can be misleading

Gene B

Gene A

A, B fully correlated
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Pooled cell data can be misleading

Gene B
i

Gene A

A, B fully correlated
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Pooled cell data can be misleading
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A, B fully correlated A, B anticorrelated
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Technical requirements for Single Cell sequencing

« Single cell suspension at high enough concentration
> No aggregates / clumping
> No doublets

o FACS
o Dnase / trypsin treatment
o Cell strainer

« As little manipulation time as possible
> Viability cells
> Avoiding pertubation of transcriptomal profiles in RNA expression

* Nanoliter protocols
» technical and cost efficient



Single Cell Capture
Amsterdam UMC

* FACS

 Chromium Controller, 10X Genomics
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Table 1 Brief overview of scRNA-seq approaches

micro ‘luidics

C1 DROP-seq Chromium SEQ-well SPLIT-seq
SMART-seq2 MARS-seq (SMARTer)

5 ’ ’ ’ ’ ’ I ’
Transcript =l Tl BTl el 3 end‘ 3 end' Bl Femieli 3 end' 3 end‘ 3 end' end' 3 end'
data counting counting counting counting counting ounting counting

. - anowell
Platform Plate-based Plate-based Plate-based Plate-based § Microfluidics Droplet Droplet Droplet o Plate-based
(Tﬂhc'::ﬁhp“t 10%-10° 10%-10° 10%-10° 10%-10° 10%-10° 103-10* 103-10* 103-10* 103-10* 103-10°
Typical read
depth (per 106 106 10%-10° 10%-10° 106 10%-10° 10%-10° 10%-10° 10%-10° 104
cell)
Reaction . . . . . . . . . . .
volume microliter microliter microliter nanoliter nanoliter nanoliter nanoliter nanoliter ranollter microliter

Haque et al. Genome Medicine (2017) 9:75




Single Cell Capture
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* FACS

 Chromium Controller, 10X Genomics



\" AmMmsterdom UMC

_ S —

FACS

Flow Cytometer

A‘I’erl 19 ﬁov

/ y D71 .@
.90,/ , N=¢ ?%o
@ o LASER ® A‘\c&
-—i o

%‘ 384 plate filled
7 / \\ with lysis buffer

Sorting

Reversed Transcription —— cDNA —— Library preparation —— Sequencing



Single Cell Capture
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* FACS

 Chromium Controller, 10X Genomics
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Chromium Single Cell Solution
10x Genomics

< Chromium" Single Cell

P
\. \\‘ -‘_/./ /

Run Completed




10X Microfluidics droplet encapsulation

High-Diversity Gel Bead Pool

10x Barcode Poly(dT)VN

. mRN,‘A

GEM (Gel bead in Emulsion)
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10x GemCode™ Technology for Single Cell Partitioning
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10X Microfluidics droplet encapsulation
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10X 3’-expression library

I
I
P5 Read 1 10x UMl Poly(dT)VN Read 2 Sample
Barcode Index
I—» What cell am | from?

Legend:
Cell 1 Cell 2 Cell 5,000

10x barcode

The 16bp 10x barcode is unique to each Gel Bead

and tells you which cell the transcript is from.
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10X 3’-expression library

I
I
P5 Read 1 10x  UMI Poly(dTIVN Read2 Sample
Barcode Index
What gene was expressed?
Cell1 Legend:
Gene 1
Gene 2 10x barcode Gene
Gene 3,000

The transcript sequence tells you
which gene was expressed.
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10X 3’-expression library

L
R
P5 Read 1 10x  UMI Poly(dT)VN Read2 Sample
Barcode Index
| M How many copies of the transcript are
present in the single cell?
Cell 1 Legend:
[ — N —
Gene 1 W 2 UMI counts ‘
10x barcode .
Gene 2 Gene
= 3 UMI counts UMI
Gene 3,000 E 1 UMI count

The 10bp UMI enables accurate

guantitation of cell expression levels.
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Cell Ranger

10>

Major populations of PBMCs are detected

CD45 RA+ ey CD4+ T
Naive T —— . (28.4%)
(26.4%) .. :' : ¢

Dendritic
(1.9%)

TSNE2

CD14+

Monocytes
- (5.3%)

CDS56+ NK 5
(13.5%) Progenitors

(0.3%)
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Pathological

Single Cell data analysis

Top differentially expressed genes per cell cluster

(UMI counts/cell) L R —
Cell-type
Gene name Cluster 1 Cluster 2 Cluster 3 s 0o © 480
[ L
co_ @ e
Abc1 28.52 0.03 14.7 00 ©
o) Oo
XYZZ 4.56 8.33 30.85 00 o&occ)‘:gase-assocmted
Fgh3 8.94 17.44 1.27
Types of analyses
,/ i .
Within cell type Between cell types Between tissues
* Stochasticity, variability of transcription * |dentity biomarkers * Cell-type compositions
* Regulatory network inference * (Post)-transcrptional « Altered transcription
* Allelic expression patterns differences in matched cell types

* Scaling laws of transcription
Figure from R. Sandberg, Nature Methods 11:22 (2014)
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Technical possibilities in Single Cell Seq

Single Cell Genomics
Copy Number Variation

Single Cell Transcriptomics

» Gene Expression Profiling (& Cell Surface Protein (cell hashing))
» Gene Expression CRISPR

* Gene Immune Profiling (& Cell Surface Protein (cell hashing))

» Gene Immune Profiling (& Antigen Specificity)

Single Cell Epigenomics
Chromatin Accessibility (ATAC)

Spatial Transcriptomics

Spatial Gene Expression Profiling
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Single-cell genomics

)._,

.“.

Cell types
Molecular signatures
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Visium: Spatial Transcriptomics

Section of a fresh frozen tissue on Capture area, coated with an array
a capture area on a slide. of barcoded probe spots.

Fixed, stained and imaged
together with a detectable frame

TOP VIEW SIDE VIEW

Poly(dT)

UMI

Spatial
Barcode
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Fixed and stained tissue Permeabilisation of cells, RNA cDNA synthesis of captured RNA
section on capture area diffuses out of the cells and
bind to the probes

CELLS

nsse (@@ @)
Hﬂiﬁﬁiﬂi th bl o
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Sequencing and data analysis of
gene expression and histology

Library prep of the ds cDNA

Sample index
G
Read 2 g
Transcript sequence TA
TA
UMl TIA
Spatial BC
Read 1

P5
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Visium: Spatial Transcriptomics
example

Cluster Cluster 4 mRNAs

Lamps
Igftps
Tory

Ephocé
Lmo4

vip
Sathy
£gr1
Fpop
lers

—

o0 o000
W 3 00 W R e

Figure 2. Spatially-resolved clustering and expression in the mouse brain. A. A coronal mouse brain section was H&E stained, imaged, then processed through tha
Visium Spatial Gane Expression workflow. Shown are image overiays containing data for UMI counts (B), total gene count (C). and spatially nalve clustering based on
total differentially exprassed genas (D). The top genes that are more highly exprassed in cluster 4 {grean) than any other clustar ars shown to the far right.
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Other challenges in NGS

« Bioinformatics
- Data analysis
- Tracking and tracing
- Interpretation

- Data storage
- New developments in analysis software

o Logistics
- pre- post PCR laboratories
- Data and sample tracking
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Contact info CFG:

Location VUmc
Visiting address: MF-J379 Telephone: 020-4448351

Location AMC
Visiting address: K2-213 Telephone: 020-5663846

E-mail: cfg@amsterdamumc.nl
Website: http://cfg-amsterdamumc.nl






