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Sequencing: a history
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Landmarks in DNA sequencing

* 1911:

* Thomas Hunt Morgan disproves himself and find chromosomes as basis of hereditary

* 1944-1952
* Avery—MaclLeod—McCarty experiment (DNA in bacteria)

* Hershey—Chase experiment (DNA in phages)
e 1953

* Rosalind Franklin, Watson, Crick: Discovery of DNA double helix structure
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Landmarks in DNA sequencing .

DNA fragmentation

~ — E=—"1] —
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* 1911: o
* Thomas Hunt Morgan disproves himself and find chromoso | ofa |
+ 1944-1952 | " |
* Avery—MaclLeod—McCarty experiment (DNA in bacteria) ., ... ; pal |
* Hershey—Chase experiment (DNA in phages) aanel | leueves |
[ J ‘ | |
1953 | | | - ...CTGATCT’:’. |
* Rosalind Franklin, Watson, Crick: Discovery of DNA double helix stri | : ;;212218127
...CTGATCTATG
« 1953-1977: the ‘desperate’ era N ;;;g;ggg;g;gg
« Walter Fiers use RNase digest in competition with Sanger LOOCaBINTRS e
* 1977

* A Maxam and W Gilbert "DNA seq by chemical degradation”
* F Sanger"DNA sequencing with chain-terminating inhibitors"

Electrophorsesis
(1 read/capillary)
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Landmarks in DNA sequencing

* 1984
* DNA sequence of the Epstein-Barr virus, 172 kb
* 1987 .
* Applied Biosystems - first automated sequencer =%
e 1991 iy
e Sequencing of human genome in Venter's lab
* 1996
e P.Nyrén and M Ronaghi - pyrosequencing
« 2001
* A draft sequence of the human genome
e 2003
* human genome completed
2004

e 454 Life Sciences markets first NGS machine
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doi:10.1038 /natureD3959 namre

ARTICLES

Genome sequencing in microfabricated
high-density picolitre reactors

Marcel Margulies'*, Michael Egholm', William E. Altman®, Said Attiya', Joel S. Bader', Lisa A. Bemben',

Jan Eerkal, Michael S. Eravermanl, Yi-Ju Chenl, Zhoutao Chenl, Scott B. Dewelll, Lei Dul, Joseph M. Fi&-rrn:;lr
Xavier V. Gomes', Brian C. Godwin', Wen He', Scott Helgesen', Chun He Ho', Gerard P. Irzyk',

Szilveszter C. Jando', Maria L. I. Alenquer', Thomas P. Jarvie!, Kshama B. Jirage', Jong-Bum Kim',

James R. Knight', Janna R. Lanza', John H. Leamon', Steven M. Lefkowitz', Ming Lei', Jing Li', Kenton L. Lohman',
Hong Lu', Vinod B. Makhijani', Keith E. McDade', Michael P. McKenna', Eugene W. Myers?,

Elizabeth Nickerson', John R. Nobile!, Ramona Plant', Bernard P. Puc', Michael T. Ronan', George T. Roth',
Gary J. Sarkis', Jan Fredrik Simons', John W. Simpson', Maithreyan Srinivasan', Karrie R. Tartaro',

Alexander Tomasza, Kari A. ‘u‘ogtl, Greg A. Volkmerl, Shally H. Wangl, Yong Wangl, Michael P. Weiner4,
Pengguang Yu', Richard F. Begley' & Jonathan M. Rothberg'

The proliferation of large-scale DNA-sequencing projects in recent years has driven a search for alternative methods to
reduce time and cost. Here we describe a scalable, highly parallel sequencing system with raw throughput significantly
greater than that of state-of-the-art capillary electrophoresis instruments. The apparatus uses a novel fibre-optic slide of
individual wells and is able to sequence 25 million bases, at 99% or better accuracy, in one four-hour run. To achieve an
approximately 100-fold increase in throughput over current Sanger sequencing technology, we have developed an
emulsion method for DNA amplification and an instrument for sequencing by synthesis using a pyrosequencing protocol
optimized for solid support and picolitre-scale volumes. Here we show the utility, throughput, accuracy and robustness
of this system by shotgun sequencing and de novo assembly of the Mycoplasma genitalium genome with 96% coverage
at 99.96% accuracy in one run of the machine.
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DNA Seguencing — the next generation

* NGS refers to non-Sanger-based high-throughput DNA sequencing
technologies.

* NGS technologies constitute various strategies that rely on a
combination of
* Library/template preparation
* Parallel sequencing
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Different technologies

Hlumina
Nanopore AVITI Element

lllumina
Nanopore
Pacbio
MGl

AVITI Elements

Ultima

C—
L1]

| —

Ultima Genomics

Pacbio
\—

List of NGS technologies and their specs:
https://docs.google.com/spreadsheets/d/1GMMfhyLKO-q8Xklo3YxIWaZA5vWMuhU1kg41gadxLkXc/edit?usp=sharing
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Sequencing workflows
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NGS workflow

Genomic DNA Fragments e ———
Library/
= -
-4 — R = AGGTCGTTACGTACGCTAC
e R = — = = GACCTACATCAGTACATAG
» . EmS T GCATGACAAAGCTAGETGT
- - é = = =
- = = Mapping, alignment
. =7 = apping, alig x

] variant callin DNA sequencin
Variant filtering & interpretation 9 9 4
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What do | chose? Long read, short read,...

T imina | Nanopore | Paio

Read length 35 bp to 600 bp Anything goes 250bp to 25kb (or 100kb)
Accuracy High Medium and improving high

Capacity Small to very large Tiny to large medium

Biases Fragment size and GC DNA modifications

WGS +++ ++ +++

RNAseq +++ + ++

Targeted resequencing +++ Only large fragments ++

Single cell sequencing +++
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illumina
lllumina (solexa) sequencing

* lllumina MiSeq, NextSeq 500, Nextseq2000, HiSeq4000 & NovaSeq
6000
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Illumina flowcells

]
o
® o
\.' Sp S S4
® ...
NextSeq500 NextSeq2000
E NovaSeq
HiSeq4000
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NGS Library Prep
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NGS Library Prep

*Indexing

[

oSample barcodes
o High diversity necessary

o Unique dual indexing is

top
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Library Preparation

(1]
T Index 1 T
(CATTCG)

e
T Index 2 T
(AACTGA)

~ |ibrary 1 Barcode
- |ibrary 2 Barcode
- Sequencing Reads
~ DNA Fragments
— Reference Genome

Pool

Sequence Output
to Data File

CATTCGACGGATCG
AACTGAGTC A
AACTGATCGGATCC
CATTCGTGGCAGTC
AACTGAACCTGATG
AACTGAGATTACAA
CATTCGCAGTTCATY

CATTCGAACTTCGA

D

Demultiplex

CATTCGACGGATCG

CATTCGTG
CATTCGCA

CATTCGAACTTCGA




NGS Library Prep

* General DNA library prep
* General RNA library prep

* Targeted library prep approaches
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NGS Library Prep

* General DNA library prep
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NGS Library prep

* Fragmentation

Construct
shotgunlibrary == ==
P —

Genomic DNA Fragments

o acoustic

covaris

o enzymatic

G GENOMICS 19
CORELEUVEN




NGS Library prep

* Fragmentation

o quality check: BioAnalyser / FragmentAnalyser

DNA amount
(fluorescence units)
- NN W s OO
888888

R "

o

35 150 300 500 10,380
DNA size (bp)
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NGS Library prep

 Standard A-tailing & adaptor-ligation (DNA/RNA)
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N G S I_i b ra ry P re p Ifai‘smi'{":s_‘ Genomic DNA

*lllumina Nextera tagmentation o ¢ e

SV R Y

¥ Tagmentation

* Transposon-based adapter insertion

* PCR-based indexing e 00 —

\ 4
PS\
Index 1 e H

Read 2 Sequencing Primer Index 2
\ -

¥ PCR Amplification

R

Sequencing-Ready Fragment
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NGS Library Prep

* General DNA library prep
* General RNA library prep

* Targeted library prep approaches
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NGS Library Prep

* General RNA library prep
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NGS Library Prep

*lllumina TruSeq Stranded mRNA

RNA to cDNA

AAAAAAA
@—TTTTTTT

||"

- A. Poly-A selection, fragmentation and random priming

|- | «

B. First and second strand synthesis
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LexoGen QuantSeq (RNA)

LIBRARY GENERATION 200 min 60 min

. ™
Reverse Transcription A)RNA
(ofigodT priming) 5 il [AAAAAAAA] 3
3’_|rmrrrn|\
§
Removal of RNA template
RNA Removal 5 — — — — — — AN

l Tagged cONA library 5
Purtfication Double-siranded cONA library
L e——
L ————————
e ‘ Al
LIBRARY AMPLIFICATION 70 min 45 min
( ™
CcDNA Rorary with adapters for lllumina sequencing
PCR
l AP —
Purification [ e
¢ t
15 index (optional) i7 index
= : y
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NGS Library Prep

* General DNA library prep
* General RNA library prep

* Targeted library prep approaches
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NGS Library Prep

* Targeted library prep approaches
oamplicon based
o ligation based

oenrichment based
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NGS Library Prep

* Custom two step PCR

— Performed by you

\ @ \
@ \ > Performed by the GC

P5 Index 1 Insert to be sequenced Index 2 P7

J
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NGS Library Prep

* MIPs

a)

g linker _—r Multiplex probes

b)

5 @. . Hybridization and fill-in reaction

gDNA target
c) l
s P55 ¥
Primer 1 PCR linearization
: I
i’
d)
s P77 ¥
Primer 2
S — T— ifi i
— PCR amplificaiton
e}
- 2 SSsee———  S—
PS i5 lig  target ext iz p7

Niedzicka et al. 2016
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NGS Enrichment

*Sequence capture

Pooled Sampie Library. 1

Denature double-stranded DNA library
Enrichment using streptavidin beads

i

: t"'
Or‘
4

Hybridize biotinylated probes 10 targeted regions.

Elution from beads.
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llumina sequencing
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BT T
NGS [llumina Clustering
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Adapter
‘ sequence
Single DNA libraries are
hybridized to primer lawn
Bound libraries then
extended by polymerases
Surface of flow cell ' j.f L J.‘: ¢ )’ ) .,
coated with a lawn i L L 8E L ity & 33
of oligo pairs 5 i g i g i il /g)i/i §§L
M - L
p / extension

i V
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Newly
synthesized
strand

Double-stranded Original
molecule is denatured template

Original template washed

discard
away '

Newly synthesized strand b . 1§
i L% ¥ g £y
is covalently attached to BBl i
flow cell surface B: 17 &1 .
3 3
‘..' }
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Single-stranded molecule flips over
and forms a bridge by hybridizing to

adjacent, complementary primer

Hybridized primer is

extended by polymerases : § "
SERPERP AR N
38 F s LT il i)

PARL’
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Double-stranded bridge is
denatured

Result:
Two copies of covalently bound
single-stranded templates

o v e
“ S e v b4
g 3 g g 3 $s
- - ' 4 i 4 :: 3:
s p¥E LS B $¥¢
-
vJL § & vvn. Svy
] s ¥ g g L
¢ L s g1
-
g 3 &
L Lo
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Hybridized primer is

extended by polymerase
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bridges are formed
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NGS Illumina Sequencing

e Sequencing By Synthesis (SBS)

smeecssegressorsossseseseeseenresssssssssss
e o
<
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NGS Illumina Sequencing

*Imaging MiSeq, HiSeq4000

600,000

500,000

400,000

300,000
200,000

100,000 /
0.000/

500.0 550.0 600.0 650.0 700.0 750.0 800.0

“TLN o'

e & A o~
" o

- .

- ‘.

T ’
g

B B
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NGS Illumina Sequencing

* Imaging NextSeq500, Nextseq2000* NovaSeq

o (B
> A
g -
8 .
S T |
| -
Green Image
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NGS Illumina Sequencing

* Different SBS dyes

4-Channel Chemistry 2-Channel Chemistry 1-Channel Chemistry

TT 1 T 17 e
| 1 v

A G T C A G T C A G T C

koo 1| @ moze1 | @ @ mege 1 | @ &

Image 2 ‘ ...... - - - -

Image 3 ') image 2 @ Image 2 G ®

Image 4 @

Result A G T C Resuit A G 3 C Result A G T C

...... Intermediate chemstry step
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NGS Illumina Sequencing

* Paired-end sequencing

Bridge
formation

Paired-End Reads Alignment to the Reference Sequence

g8 3 . i
g 3 b $
— i L7 ¢ $ 3
3 I g &
—_—— | V] 3
Read 1
Wwal § § L § l
-A "]
_—— L 3 S i y
_-—m e Reference T = T . r ’
3’ extension /
- =

Read 2 o i "j'
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llumina sequencing QC
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Quality Control

Run Summary
Level Y'leI;IGT)otal Projecte(:(;')otal Yield Ali(gg)ed Em();‘ l;tate Ilét;eglzi:y % >= Q30

Read 1 03 03 33,59 1,76 76 953

Read2(l) 00 0,0 0.00 0,00 77 649

Read3(l) 00 0.0 0,00 0.00 379 97.2

Read4d 03 0.3 307 179 100 Phred Quality Probability of Base Call

Total 06 0.6 3333 | 178 158 Score Incorrect Base Call Accuracy
10 1in10 90%
20 1in 100 99%
30 1in 1,000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%

B C:
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Q30 by cycle

Run Folder: Z:\HiSeq\210315\NextSeq\FCA210315_NB501171_0668_AHCKWYBGXH

I

- [

Analysis  Imaging | Summary | Indexing
Data By Cycle
HCKWYBGXH All Lanes
_ R RZ R2 R4
m 100§ b
Lane:All T R et
— d | [T ] _.II' ............. eyt -
* g I|I i ""-nm;;;i.
Surface:All "““i"u'i: ------ . I 'iiii‘lil |
. 0l “||II|I||I 'Hljiijilll
v ||J|H;““,||” ! ”'”I'u,
Fix it ||"|]|I|r|”"|"””"'””IIII||||| i I“'iii'”

g 6of o gL ! | | HI”I""I“I|]|
Accum ? ’ -I

A i

= i ) :

- I'“.' i .li | |
40} B "”!i.;:-:
204
700 200 300
Cycle
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NGS Illumina Sequencing

* Quality Control

Run Summary

Yiold Total  Projectod Total Yield Aligned Eror Rato  Intensity

s 1G) (G) ) %) Cycei =>"0%

Read 1 03 03 3359 176 76 953

Read2() 00 0,0 .00 0,00 m 649

Read3(l) 09 0,0 0,00 0,00 79 7.2

Read 4 23 a3 3307 178 100 833

Totat 06 06 333 178 158 915

Read 1

Lane  Ties  Density Cluster PF | Phas/Prephas  Resds  ReadsPF . .., Yield Cycies Aligned Eror Rate  Ervor Rate  Efror Rate Erfor Rate  Intensity
(K/mm2) (%) (%) (M) (L ! (G)  ErrRated %) (%) dcyche (%) Thcyce (%) 100 cycle (%) Cycho1

1 2 B77+-6 [|o489«-152] 0.108/0078 123 1,16 853 03 250 3359+-022 176+-003  016+-008 020+-008 026+-006 75+-8

Read 2 (I)

Lsne | Tiles  Density Ciuster PF | PhasiPrephas  Reads  ReadsPF o . a0  Yield  Cycles Aligned EmorRate  EnorRate  Eror Rate Etror Rate  In
(Kimm2) (%) (%) ™) (M) (G)  Em Rated ) ) J5cycle (%)  T5cycle (%) 100cycle (%) Cycie1

1 2 87748 94891162  0000/0000 123 1,16 649 0.0 0 0.00+-000 000+-000 000+4000 000+-000 000+-000 | 77+40

Read 3 (l)

Lane | Tiles Dansity Cluster PF Phas/Prephas Reads Reads PF 8% >= Q30 Yiekd Cycles Ahgned Ermor Rate Error Rate Error Rate Error Rate Intensity
{Kimm2) (%) (%) M) M) (G)  Err Rated (%) (%) 35cycle (%) 75cyche (%) 100 cycle (%) Cych 1

1 2 877+-6 [9489+-162 J0000/0000 123 1,16 972 0,0 0 0,00+-000 000+-~000 000+-000 000+-000 000+-000 @ 379+-6

Read 4

Lane | Tiles = Density Cluster PF | Phas/Prephias  Reads | ReadsPF . ., Yield  Cycles Aligned Eror Rate  Error Rate  Error Rate Error Rate  Intensity
(Kimm2) (%) (%) (M) M (G)  Er Roted (%) (L] cycle (%)  75cycle (%) 100cyclo (%) Cyclo 1

1 2 27T+ R H N 147 {0 DRR 12 144 AR 1 na IS0 107 &L DAY 17900 OM 01N O25 . 008 DWW L DOR 1 i R
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Optimal loading

Increasing input concentration

>
..
-
R
w PO g %PF where data
o ~* B output (Gb) meets
e A specifications
ﬁ .
&
o’
.20" ' Prg
ot
o
e
»
.6"
.
e
..'/
1 - -
% Occupancy
| | | |
Underloaded Optimal High risk of
overloading
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S | Clonal Amplificati Parallel i

\

(o A single cluster that * Duplicates in nearby
has falsely been called wells on HiSeq
as two by RTA 3000/4000
. Dtt.;ring cl:!gster
* Third tools it eneration a libra
patiarnod ow el cueray”  Optical || Clustering '\ occtiples two adjacent
ggm as optical @_@ wells
—lemplate 33
\ Gt 0/’ T ON Y)
(+ Duplicate L Sister mplement strands
molecules that . of same library form
arise from i ' . independent clusters
amplification |
O® (O / - Treated as duplicates
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Common loss in lllumina

* Insufficient coverage: suboptimal loading
* Low complexity library

* Overloading

* Repeats

* Duplicates

* Too short fragment size

* Overlap
* High % adapter

* Low Q30
N C- T
CORELEUVEN




Metrics Picard — coverage technical target
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Metrics Picard — uniformity
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Metrics Picard — Excluded bases
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|GV screenshot of part

of TRDN (chr6:123,247,689-123,284,977)
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Nanopore sequencing

« MinION )
4

* GridION

* PromethlOM

* SmidgION
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" YNANOPORE

Oxford Nanopore sequencing

Motor protein ES Brake protein E3

Z ﬁe—abasic nucleotides
/ hairpin

" Tethering oligo

Tether keeps DNA fragment on the membrane leading to a ~20K fold higher DNA
concentration close to the pore.

Motor protein unwinds DNA and ratchets it though the pore.
Abasic nucleotides in the hairpin are a recognition point.

Brake protein prevents the motor protein from zipping through the complement strand.
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ZNANOPORE

Single Molecule

T M M P M M
DA P M Wi P b
‘§¢m wmm m Wi m
D M M P M P
M P M i W
I WMo A Mn o B
M I W A e

© Data acquired as full length reads — real time

© Data throughput = No. pores x average speed/pore
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From squiggles to sequencing

New basecaller: extract more correct information from squiggles

Training of base caller for methylation data

_M -
Ch ey || B R

==

‘l-——

RNN (CTC)
Hig-flop

95 100
Raw read accuracy (%)

Figure 1: Raw read accuracy of Bonito basecaller on the human reference

genome NA12878 against high-accuracy Guppy, currently integrated into
MInKNOW onboard nancpore devices.
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Run QC on Nanopore

* Every flowcell is different
* Nuclease wash (and refueling) increases output

Cumulative Output Reads
Mux Scan Categorised
5.74 M- = B Total reads
// B Passed reads
b P& W Failed reads
,/ o W Skipped reads
4 M- // b 4
// /
-
7
g 3 M - /'/_—‘
= /
/( d
2M - /
/
I'//‘
1M /
ol

> & & @

Time @ single Pore Reserved Pore @ Unavailable @ Muliple @ Saturated @ Zeto @ Other
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Translocation speed and pore status

Translocation Speed

* oo @ o s ® (nim artil
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Run QC on Nanopore

e Q-score need to be stable

* New flowcell chemisty improves
Q-score

* Barcode selection > select high
quality door
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QScore

B 75% quartile
M Median
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PACIFIC
BIOSCIENCES®

SMRT Sequencing

e Pacific Biosciences
PacBio Sequel lle
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SMRT" Technology

Intensity mmp
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Template Run Polymerase Primary Secondary Tertiary
Preparation Design Binding Analysis Analysis Analysis
I I t t -

DNA Sample
Cee— TN e
Fragment DNA — i\_n > . d——
’ e \
& »
4 N\

Damage

Repair/ End ‘x;@:é:'i-émaaw'ﬂiiﬁ--'-és;;;é;éusaiﬁs;,‘iiaﬁ'-a.
Repair l

yhdg _aB R
> lﬁ% o <5,

(% 2
Fina canwa SIS TSl (WA R AT AN A '.&a-a...--........iv;h-.....‘i‘
WYY YN F YNNI RNCVNCRININI Ry,

>,
",

Ligate adapters

e g_“’

L

s,
L "Ny w5’

« from 250 bp to 400 kb

: » sequences of both forward and reverse strands in the
Purify DNA
same trace
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Universal SMRTbell™ Template

Large Insert Sizes

Generates one pass on each
molecule sequenced
« Recommended Insert Size: > 3 kb

« Maximum length over 300 kb

Circular Consensus Sequencing (CCS)

e S (T T I I i Ti i T R .
i’ I 'i ................... . Continued generation
L M S of reads per insert size

Small Insert Sizes B —
* Recommended Insert Size: 500 bp-20kb

Generates multiple passes on each
molecule sequenced
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SMRT" Sequencing Accuracy

a b g
Double-stranded é 40
DNA > % [{J é (}; '«? =0
' £ » T
S 397
Ugate N & § o + %
AdecRiirs " .................................................... g é é a‘
3 |
0
' O "o 5 10 15 2 25
Anneal Primer .~ v Passes
and Bind g “I )::
DNA Polymerase DS )
3 Cc
Reads
s03 8,000
02 6.000
01 4,000
5.000 10,000 16,000 20,000 ' f°°°
Sequence
80 80 4y
b " |
"’"z,_ \-‘
m,-,,“:‘ '__"“\ g 0 %
st £
— z
e ———— Subcbiicls g 40 a0
] {passes) g
..{ w
- --“‘ ey By 8.
Generate ' CCS Read
Consensus Read ACTAG
ACCAG Reference 20

GENOM'CS S:JV 5,000 10,000 15.000 20,000 0 0102
CORELEUVE! CCS Read Length (bp)




Benefits of SMRT" Sequencing

* Produce reads with average lengths of 6000 to 10000, with longest
reads over 175,000 base pairs

e Greater than 99.999% (QV 50) accurate sequencing results
 Sensitivity to detect minor variants at frequency less than 0.1%

* Detect broad spectrum of base modification events in the same
sequencing run that reads canonical base sequence

* No amplification bias and least GC bias for improved coverage

uniformity
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MGI and Aviti Element

MGI: SBS
Library Prep - DNA Nanoball

/ M Linker-H 2775
. - W !
©" RollingCircle S s o Fluorophore
& Replication(RCR) S ﬁ 1 1] l
¢ Fragmentation &Size selection ‘DNANanobalis (DNBS) . 0-6-°~g-°—g-° o :
J  ErA-ailing friet i !!—'
Library|
i :  Becn bk ) ol B Extension Block ==~
& Bubble adapter ligation |
, T A N 3
g’ - A T g gg
J rer Fo) OO
o R . . . .
o \ AVITI: avidite binding
‘ Heat separation
* ssCirc
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M LEUVEN

NGS Applications

NGS as a tool for studying genome variation and regulation
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Single cell
genomics

Targeted
resequencing
 Amplicon : :
* MIPs * Truseq stranded I\i/g:;()rl:/spsrlen;gle L2
e Capture panels MRNA ethods for DNA
de novo assembly e Lexogen quantseq 2nd RNA
Bacterial WGS * |soSeq (Pacbio)
Vertebrate WGS
Long read
seguencing
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Whole genome sequencing

- Copy number variation analysis
* Sequencing a genome at 0.1-0.3x
* Sequencing a genome at 1-3x

« Structural variation analysis
* Sequencing a genome at 5-10x

- Whole genome re-sequencing
* Sequencing a genome at >30x
 yeast, fruit fly, bacterial genomes, human...

=
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De novo assembly

° Assembling a genome from 1. Fragment DNA and sequence
scratch Eomma,
* Extremely computationally 2, Find veriaps between eads
h e a Vy N CGCATATCCGGT,..
* No reference to distinguish Ry Eow
variation from artefacts °.i'*°*‘IH’*'<;°
* Combination of multiple o
sequencing and optical mapping
. . 4, Assemble contigs into scaffolds
techniques required
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RNA SEQUENCING

* Rapid expression profiling, transcriptome sequencing and small RNA’s
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" e
RNAseq library preps
Differential Whole transcript, Small lllumina Low input
expression  fusion, isoforms RNA compatible P
Lexogen QuantSeq
3’ mRNA v v v
Lexogen Small RNA v
6 v v v
lllumina TruSeq
stranded mRNA v v v
lllumina TruSeq
stranded total RNA i Y 4 Y
IsoSeq (V) v
Smart-Seq2 v v v vVvv
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[Single cell RNA-seq as a complementary technique to bulk RNA-seq J

[Side note 1
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Single cell RNA-seq as a complementary
technique to bulk RNA-seq

RNA Transcript e . Specific
h h
type targeted sensitivity | throughput | sequencing property
full FACS sorting
SMART SEQ2 ;| mRNA ; it sensitive low deep specific
ranscrip populations
10x High Can be
genomics MRNA 3’ end medium 10000 shallow combined with
3’ RNA seq (> ) surface markers
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