THE OMICS ERA

Genomics and its applications; Proteomics and
single-cell technologies
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https://www.abmgood.com/marketing/knowledge base/next generation sequencing introduction.php#sanger
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Sanger sequencing

- https://www.youtube.com/watch?v=jFCD8Q6qSTM&list=PL_Vc¢
B70] I TCAWRXN6vVNCS5IKbMHjIMtN8P&index=2
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Human Genome Project

Used Sanger Sequencing

Took ~13 years (started in
Spent ~3 billion USD!!!
Today: ~100 USD

DNA sequencing cost per genome
$100,000,000 9 9 Perg

10,000,000

End of 2014
~228,000 human
genomes sequenced
to date

2008 \
4 more genomes
published

Sept 2007
Feb 2001 (5 205 ¢
. I Drafts of 2 h 1st human genome ~ 2nd human genome
DNA sequencing costs: data from the NHGRI Genome Sequencing rafis ot e human - quence published Sequence published
hlaad

. enome uences
Program (GSP). http://www.genome.gov/sequencingcosts/. ¢ gl

Nature editorial staff (2010). Human genome at ten: The sequence
explosion. Nature, 464, 670-671. doi:10.1038/464670a

LIFS 6170




Next-generation sequencing (NGS)

- Massively parallel

- Huge output of data
» Decreasing costs

- Fast

- https://www.youtube.com/watch?v=jFCD8Q6qSTM&list=PL_Vc¢
B70]I TCAWRXN6vVNCS5IKbMHjIMtN8P&index=2
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Roche 454: equencin

Template I I o //\
Ny
. d
ew Sequence ﬁ Luciferin’l
' | y |

—— >

1. Polymerase " 2.Sulfurylase " 3.Luciferase / " Light Peak
——

. |
TYPE

Enzyme ) )
Catalyst Pyrosequencing Chemistry
Label

Apyrase

2.
PPi+ APS <«— PPi
- E— Y

«dnTP T

5IACTGTA_V{ L

Wrp

1 Arp
Luciferin Oxyluciferin ‘

Apyrase
Luaferase

Jacopo Pompilii, DensityDesign Research Labhttps://commons.wikimedia.org/wlindex.php?curid=37083509 ATP L
http://bitesizebio.com/ | 9008/how-bisulfite-pyrosequencing-works/
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Roche 454: Pyrosequencing

C
Roche/454 — Pyrosequencing

1-2 million template beads loaded into PTP wells https://'yo utu. be/J FC D8Q 6q STM ?t: 3 m40s‘

Flow of single dNTP type across PTP wells ——=>

o
Cef
Flowgram wd}”

o CAGGITTTTTAACAATCAACTTTT TGGATTAAAATGTAGATAACTG
Am AACATCACATTAGTCTCGATCAGTGAATTTAT

> oucle

~==""""" Nature Reviews | Genetics

Polymerase
Howmop D\SW g o
Sulphurylase — EV‘ #
Luciferase Lucufenn
ML Metzker, Nature Review Genetics, 2009

Light and oxyluc-fenn
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SOLID: Sequencing by, Ligation
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LIGATION / DATA ANALYS S

Cleavage
Primer

3
C-Lenenn p5

Boad s LLLLLLLLGU LTV LLVLLLLTTT VUL

/\d pter Sequence Templete Sequence

>
@
[}
=
Q
Z
o}
=
Q
b
7}

Read Position |0/ 1]2|3/4|5|6 |18]15}20j21/22 3

Unh/ae_rsal seq primer (n) LL 1]
TrTITTTTTITTYITYY L L
Universal seq primer (n-1) REE

: & =

Univer;al seq primer (n-2) ~ l.

Univer;al seq primer (n-3)
TTTTTTIITITITY

Primer Round

Univeggal seq primer (n-4) A . g BA

@ Indicates positions of interrogation LigationCycle Il 2@ ¢« B W l

DUAL INTERROGATION OF EACH BASE

Figures from Applied Biosystems website httPSI//)’OUtU > be/.l FC D8Q6CISTM ?t= 5 m 3 3 S
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https://youtu.be/[FCD8Q6qSTM?t=6m42s

lon Torrent

http:/lwww.genomics.cnlen/navigation/show_navigation?nid=2640
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lllumina: Sequencing-by-synthesis (SBS)

» Video: https://www.youtube.com/watch?v=HMyCqWhwB8E
* Video:

https://www.youtube.com/watch?v=jFCD8Q6qSTM&list=PL_Vc
B70] I TCAWRXN6vVNCS5IKbMHjIMtN8P&index=2

* lllumina company PDF:

https://www.illumina.com/content/dam/illumina-

marketing/documents/products/illumina_sequencing_introducti

on.pdf

Angela Wu
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lllumina: Sequencing—by—synthesis (SBS)
98)*
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Fqc, \ S‘I\V‘Sb’ M .

Pacific Biosciences: SMS ~ Qe

Pacific Biosciences — Real-time sequencing
Phospholinked hexaphosphate nucleotides

s Mk M c

s

Limit of detection zone

Fluorescence pulse

\
\
\.
\
INTENSItY  — \

Epifluorescence detection

ZMW — Zeromode (Nowuaui&n.. FGA (
2&0 .

ML Metzker, Nature Review Genetics, 2009
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Pacific Biosciences: SMS

» https://www.youtube.com/watch?v=NHC|8PtY CFc&list=PL_Vc
B70] I TCAWRXN6vNCS5IKbMHjIMtN8P&index=4
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4t Generation Sequencing!!!

° N A N O PO R E S ! ! ! 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

© A flow of ions through
the pore creates a current.
Each base blocks the
flow to a different degree,
altering the current.

© One protein
unzips the
DNA helix into
two strands.

[GATATTGC GATGCCG
 Pomm——mee

@ Asecond

protein creates

apore in the

membrane

and holds

an "adapter”

molecule. O The adapter molecule
keeps bases in place long
enough for them to be

identified electronically. .

A—g—

Schaffer, MIT Technology Review, 2012
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Nanopore Sequencing

- Rated lifetime of one MinlON flow cell: 48 hours of run time

MinlON Mkl
device

P o
(X' e
n"_‘ Uf"lt-\"_‘b f':

AT
Ay’
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Oxford Nanopore

» https://www.youtube.com/watch?v=CE4dW64x3 Ts&index=5&li
st=PL_VcB70O]I TCAWRXN6vnC5IKbMH|IMtN8P

f«\o‘?o
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Summary of NGS technologies

Company
(former companies)

Platforms

Library
amplification

Carrier of
library during
sequencing

Sequencing
principle

Nucleotide
modifications

Signal detection method

Dominant
sequencing
error

Main advantages

Main
disadvantages

Helicos Bioscience
(defunct)

Heliscope

Flow cell

Sequencing by
synthesis

Fluorescently
modified
nucleotides
(cleavable)

High powered optical
detection of single
fluorescence molecules

Indels

No amplification
thereby avoiding
biases; higher
tolerance of degraded
samples

Long time (imaging
is slow); high error
rate; short read
length; huge, $$
machine

Roche
(454 until 2006)

454 Titanium
454 FLX+

454 GS Junior
Titanium

emPCR on
microbeads

Picotiterplate

Pyrosequencing

Optical detection of light
(luciferase reaction using PP;
released upon dNTP
incorporation)

Indels in
homopolymer
runs

Longer reads than
most other NGS
platforms, relatively
high fidelity

Shorter read than
Sanger; lower
output/yield — high
price per base

lllumina
(Solexa until 2007)

MiniSeq

MiSeq

NextSeq 500
HiSeq 2500
HiSeq 4000
HiSeq X five/ten

Bridge-PCR
on flow cell
surface

Flow cell

Reversible
terminator
sequencing by
synthesis

End-blocked
fluorescent
nucleotides

Optical detection of
fluorescence from
incorporated nucleotides

Substitution,
esp at end of
reads

Good support;
reasonable read
lengths; low cost per
read; flexibility in
output/scalable;
reasonable error rates

Generally higher
instrument cost;
bigger machines;
long sample prep;
amplification bias

Thermo Fisher Scientific
(Agencourt until 2006,
Applied Biosystems until
2008, Life Technologies
until 2014;

lon Torrent until 2010, Life
Technologies until 2014

SOLID 5500
SOLID 5500xI
SOLID 5500W

lon Torrent PGM
lon Torrent Proton
lon Torrent S5/S5x|

emPCR on
microbeads

emPCR on
microbeads

FlowChip

lon Chip
(semiconductor
based)

Sequencing by
ligation

Semiconductor-
based sequencing
by synthesis

2-base
encoded
fluorescent
oligoNTP

Optical detection of
fluorescent emission from
ligated dye-labeled oligoNTP

Transistor-based detection
of H+ shift upon nucleotide
incorporation

Substitution

Indels

High accuracy; High
throughput of 20-
30Gb/day

Generally moderate
cost instrument; easy
to use

Relatively short

reads; less even
data distribution;
High capital cost

More hands-on
time; higher cost
per Mb; small user
community

Pacific Biosciences

PacBio RS Il
PacBio Sequel

SMRT cell
(zero mode
wave guides)

Single-molecule,
real-time DNA
sequencing by
synthesis

Phosphor-
linked
fluorescent
nucleotides

Real-time optical detection of
fluorescent dye in
polymerase active site
during nucleotide
incorporation

Indels

Single molecule real-
time sequencing; Long
read length; can detect
base modifications;
Short instrument run
time; Random error
profile; Modest cost
per sample

High error rate; Low
output; High cost
per Mb; High
instrument cost

Oxford Nanopore

minlON
Prometh|ON
(coming soon)

Flow cell

Single-molecule,
real-time direct
DNA sequencing

Semiconductor-based
detection of changes in
electron flow through
nanopore protein; each base
blocks electron flow through
the nanopore differently as it
passes through

Very small, low-cost,
portable instrument
(USB device); very
long reads feasible
(multiple kb);
potentially very fast

High error rate;
systematic errors;
High cost per read




Latest in sequencing technology — Error
Correction Code (ECC) Sequencing

nature
biotechnology

3
Phosphatase

Article = Published: 06 November 2017

Highly accurate fluorogenic DNA
sequencing with information theory-
based error correction

Zitian Chen, Wenxiong Zhou, Shuo Qiao, Li Kang, Haifeng Duan, X Sunney Xie & Yanyi Huang

Nature Biotechnology 35, 1170-1178 (2017) = Download Citation
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Chen, Z., Zhou, W., Qiao, S., Kang, L., Duan, H., Xie, X. S., & Huang, Y.
(2017). nghly accurate fluorogenic DNA sequencing with information theory—
based error correction. Nature biotechnology, 35(12), 1170. Degenerate seauences
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Chen, Z., Zhou, W., Qiao, S., Kang, L., Duan, H., Xie, X. S., & Huang, Y. (2017). Highly accurate fluorogenic

DNA sequencing with information theory—based error correction. Nature biotechnology, 35(12), 1170.



Latest in sequencing technology — Error
Correction Code (ECC) Sequencing
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ECC sequencing — error free up to 250 bp!

~EA LR A L
& AR S
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Error rate before ECC correction (nt/nt) Error rate after ECC correction (nt/nt)

Chen, Z., Zhou, W., Qiao, S., Kang, L., Duan, H., Xie, X. S., & Huang, Y. (2017). Highly accurate fluorogenic
DNA sequencing with information theory—based error correction. Nature biotechnology, 35(12), 1170.




Project

De novo sequencing and
assembly of a microbial
genome

Sequencing a plasmid

Re-sequencing a human
genome (e.g. cancer sample) to
look for novel mutations

Rapid diagnosis of a viral
infection by sequencing in the
field

Targeted amplicon/exome
sequencing

Which sequencing
platform(s) would you
propose?




Applications of NGS

- Your ideas




Applications of NGS

- Cancer research
* Pre-natal diagnostics
- Discovery of new microbial or viral species

» Predicting organ transplant rejection

April 27,2020 BIEN 5010



Applications of NGS

- Cancer research and diagnosis

+ Personal cancer genomes
- RNA-seq comparing normal tissue to cancer tissue

- E.g. Breast Cancer types
« ER+ or PR+ (drug tamoxifen to block hormone receptors)
« HER2+ (drug herceptin)
- Triple positive
- Triple negative (often BRCA|+; chemo, high chance of relapse)

April 27,2020 BIEN 5010



Applications of NGS

* Pre-natal diagnostics
- DNA
- RNA

MATERNAL
BLOODSTREAM

Be g

_ pe
4

XX FETAL DNA

April 27,2020 BIEN 5010



Applications of NGS

* Pre-natal diagnostics
- DNA
- RNA

Lillian M. Zwemer, and Diana W. Bianchi Cold Spring Harb Perspect Med 2015;5:a023101

April 27,2020 BIEN 5010



Applications of NGS

» Predicting organ transplant rejection
- DNA of donor

* RNA of microbes and viruses Healthy Acute Cellular
/ \ Rejection

cop 000 =
1. Collect cell-free 000 BP0 g0 00D
o0 g
DNA from 000 %00 000
000 OO gog 0P plasma oo 000 080 ooo
000 oop 000 00O R S

|

2. Perform shotgun
sequencing; identify
reads with Donor and
Recipient SNP calls
to calculate
% Donor DNA

3. Monitor Donor DNA

level over time
to detect onset of
rejection o

April 27,2020 BIEN 5010



Applications of NGS

» Predicting organ transplant rejection
- DNA of donor

- RNA of microbes and viruses

Sequencing,

Temporal dynamics of the virome in plasma

M Herpesvirales

[ caudovirales
Adenoviridae

[ Anelloviridae

M Polyomaviridae
Poxviridae

- Retroviridae
Other

-

Species abundance

Time post transplant

De Vlaminck et al., Science Translational Medicine, 2014

April 27,2020 BIEN 5010



Applications of NGS

- Discovery of new microbial or viral species

- De novo assembly

Align-then-assemble

Reference-based assembly of aligned reads Unaligned reads
e - —

ATGTTCCGATTA

b

De novo assembly

Nature Reviews | Genetics

April 27,2020 BIEN 5010

A TTTCATTCAGTAAAAGGAGGAAA




Applications of NGS

- Tools in the research lab:WGS,WES, RNA-seq, ChlP-seq,
CHIRP-seq, methyl-seq, Hi-C, PRO-seq, ATAC-seq... etc.

LIFS 6170



RNA-seq

lllumina Tru-Seq RNA-seq protocol

(h_ A N (<
A‘—TTTTTTT .
5 x

Je— o A

~

o— - P

P

\ Poly-A selection, fragmentation and random priming / End-repair, phosphorylation and A-tading )

SAg s

ndes Rz O (P

L Ll

C . (o = . e Y

»s Ra SP nder

Ra2 5P »r
K Frist and second-strand cONA synthesis ) \ Adapter ligation, PCR amplification and sequencing J

Library prep begins from 100ng-1ug of Total RNA which is poly-A selected (A) with magnetic
beads. Double-stranded cDNA (B) is phosphorylated and A-tailed (C) ready for adapter
ligation. The library is PCR amplified (D) ready for clustering and sequencing.

Image from BiteSize Bio
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RNA-seq

Example of data

MPI ENSG00000178802
chrls

) 72970k 72971k 72972k 72973k 72974k 72975k 72976k 72977k 72978k

14 10 12

splice junctions -1)—(- 3 € 9
¢

6
3 €

expected junctions

POEM 186 186 18.6
3—¢ 3 € 3

)

read coverage . _ A ‘ . l ——

Ensembl 46 transcripts
ENST00000379693 & —@— —@l— 8

ENST00000352410 ¥ —@— ——— —EB"—8— —i— e
ENST00000323744 V- H— —— ——H— —— e [ ]

Which of the three transcripts is expressed with highest abundance?

Schulz MH, et al.,, Bioinformatics, 201 2
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RNA-seq

Example of data

MPI ENSG00000178802
chrls

N 72970k 72971k 72972k 72973k
14 10 12

72974k

72975k

splice junctions -1)—(- 3 € 9

> e

expected junctions

72976k
10

Yy

POEM 186 186 18.6
3—¢ 3 € 3

read coverage . _ A ‘ . l ——

Ensembl 46 transcripts

ENST00000379693 & —@— —@l— il

ENST00000352410 ¥V —@— —— 83—

ENST00000323744 ¥ —— —l— — B

Schulz MH, et al.,, Bioinformatics, 201 2

LIFS 6170
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ChIP-seq

Fix & lyse cells

Fragment
chromatin

=g
o=g oo
esg

Input: no Y

IP PA _t_:g;
%&? AN

IP & wash

Extract & analyze

-~

2 DNA
-~ o

-~

nrsf / chip1862 (All Aligned Reads)
68

ChlP: assesses protein-DNA
interactions

1217 bp
T T T T 1
99507.91K99508.03K 99508.15K 99508.28K 99508

nrsf / Peaks detected by PICS (Region List)

Genes / Gene Annotations (Genes)

:F;HTW—J @9 9.9 9. Do, 9, 9090, 90909099 9o %0 %o Yo %
eq, 2, e,e,e, s z{ z,tz'? z\?}qs,?z@e;:,eﬁee, % eﬁe{}ej{,e‘,e&,:webe :‘(’: \

WAL
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FAIRE-seq
Amplify Y

A I A( —Seq A A 0 v Starting material Preparation time
A ) "n

and DNase-seq
uence R
s ATAC-seq -

Inte rrogates Chr19 (q13.12) i

chromatin e
. o . 50 1
accessibility g 150, 36,200,001

ATAC-seq
(50,000 cells

per replicate)
Easy to perform ?:L._.
(com Pared to DNase HS

FAI RE-Seq, ENCODE/Duke L
0
1-

MNase-seq,
FAIRE-seq
DNAse-seq etc.) ENCODE/UNG | ’ ’ l ‘
0-

1-

ATAC-seq
(500 celis)

ou.u..lullh.uhlhlun.nlna . ..Juum-huUn!LlL..bL ol .L.au .

m CTCF
8 e
= ac
B T S (T TR YD W

H3Kdme3
IGFLAT I+ HSPBAY ARNGAP:Q

HAUSS p»m-- ETV20 UPKIA M4+ 70TR32v49
12 gt UPKIA- ASu--. uup.w C19088 W
UZAFTLA

COX0B1 ] UeAr
1L4
PSENENG
LINGT 41

Buenrostro J.D., et al., Nature Methods, 2013
LIFS 6170




Probes 3D conformation of the genome architecture

A Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
Hindlll enzyme with biotin

Subcompartments bcompartments
AAGCTT
TTCGAA

B  Hindil C Hindlll (repeat)
7 . Chr 14

Loop
Domain

A
<4,
N c N
O
|
Cohesin  CTCF
A )

Rao et al, Cell, 201 4 /AN,
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SINGLE-CELL OMICS

One field (among many) that is greatly enabled by
microfluidic technologies




Why single cell?

- Tissues consist of heterogeneous cell types

- Method can be used for rarelvaluable cell types

- e.g. circulating tumor cells; primary embryonic tissues

Heterogeneous cell
population

Q < stem cell!

Y N

% O:QCO@
®@ O

Population-level average Single-cell profiling

from bulk profiling




Single-cell genomics workflow

isolate
individual
cells

isolate RNA

message sequence  ACCTGAGTTTGAAG

TTTACTTTGTTCTATG
CAGTTCATTATGTAA

!" . ACCATAAACAAGAG
‘ TAAACACAAAAGTTA
y - ’ \ ' TGCCCTTCAGATGA
m ( CTGAGAAACT........

9 2

Tissue cells Single cell RNA Transcriptome

from active genes active
genes in that cell




SINGLE CELL RNA-SEQ




Many technology platforms to choose from

beads with barcode

Wu, Wang, Streets, and Huang, Annual
Review of Analytical Chemistry, 2017




Captured cells in the CI

April 27,2020 IEEE-NANOMED 2016 43






Single cell transcriptomics methodology

Poly(A)-tailing

Template switch

R
[72]
Q

c

=
C
>

%)

<

Z

o

» O

o
C
©

S

n

o
C

~

Paritial Digestion

+RNase + Ligase
— B —

IVT+PCR

Lysis & RT <_.
AAAAAAA
/T - g -ﬂ-
. RNA = Anchor / T7 promoter

Ne’?"LG/Ns = DNA . T7 polymerase
f\}, O caell - strand synthesis

Ng

Y
Direct Amplification

Upper sequence is 5'->3’ Amplification

Lower sequence is 3'->5’

Wu, Wang, Streets, and Huang, Annual
Review of Analytical Chemistry, 2017




Benchmarking single-cell RNA-seq vs. other
gene expression measurements

Single cells

Bulk cells

C1 Microfluidics- based

V‘b

Lysisin
device

-
,4‘ N
>

Cells-to-Ct

(Ambion) +

Fluidigm C1
STA kit

n=184
4

Targeted
PreAmp

4

BioMark
multiplex
gPCR

SMARTer
(Clontech)

n=96

4

Nextera

4

Illumina
RNA-seq

Wu, et al., 2014, Nature Methods

)
WY

g4

Platinum Taq
(Invitrogen)

n=273

4

Targeted
PreAmp

4

BioMark
multiplex qPCR

SuperScript-Ill RT

Tube-based
Q

)
. ] <Y

Cell-Direct lysis (Ambion)

4 4

TransPlex
(Sigma)

SMARTer
(Clontech)

n=3

3

n=3

4

4

.I\;.ﬁ‘.

Lysis + poly(A)
purification

4

SuperScript-Ill RT
Platinum Taq

3

SMARTer
(Clontech)

n=2
3

Nextera

| s

3

[llumina RNA-seq




What does the data look like?

Counting
Molecules

Clustering

Cells

Camara P. G.., 2018, Current Opinions in Systems Biology

Cell Quality
Control

Building a
Similarity

Normalized
Molecular Counts

Imputation




Data workflow for single-cell RNA-seq

Phase 1 - Data acquisition

Alignment De-duplication Quantification

Phase 2 - Data cleaning

Quality control Normalisation Imputation

Zappia L., Phipson B., Oshlack A., 2018, PLoS Computational Biology




Accuracy of single cell RNA-seq

Single Cell SMARTer

y=0.744x + 0.076
Spearman r = 0.766
Pearson r=0.844

S (o))
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median expression, log,)
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Single Cell TransPlex

y=1.276x+0.118
Spearmanr=0.813 ®
Pearson r=0.92

Single Cell C1

y=1.027x + 0.055
Spearman r = 0.854 .
Pearsonr= 2.889 ® .

qPCR (mean fold change over median expression, log,)

WA, et al.,, 2014, Nature Methods




Limit of detection

Spearman r=0.973
Pearson r=0.968
y=1.040 x + 0.553
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Spike-in molecules per reaction (number, log,)

WAy, et al., 2014, Nature Methods

4

Spike-in synthetic
sequences with various
length, sequence
content, concentration.
Low homology with
mammalian genomes

Limit of detection:
~| molecule per
reaction chamber

Detection rate at
this conc ~0.4




Ensemble of single cells recapitulates bulk
population measurement

Spearman r = 0.894
Pearson r = 0.870
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C1 Ensemble gene expression (median FPKM, log,)

Wu, et al.,, 2014, Nature Methods




Ensemble of single cells recapitulates bulk
population measurement

Bulk RNA Bulk RNA Single CellC1  SingleCellC1  Single Cell Single Cell
Superscript SMARTer Individual Ensemble SMARTer TransPlex
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Gene expression (median FPKM, log;)

Level of dispersion about the median is similar for synthetic ensemble and bulk samples;
single cell samples have relatively higher dispersion for genes with high expression level

WAy, et al., 2014, Nature Methods




Features of single cell transcriptomic datasets

- Accuracy, or “how quantitative?”
- Sensitivity, or “how deeply do | need to sequence?”
- Technical/Stochastic vs. Biological variation, i.e. the noise

A) Not Sensitive B) Not Precise

C) Systematically Biased
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Microfluidics sample preparation improves
RNA-seq sensitivity
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Studying lung development using single-cell
gene expression analysis

pre-sacculation sacculation (E16-18.5) post-sacculation Clara | Scgb1al+
Ciliated | Foxj1+

Sftpc+/Scgb1al+

Alveolar progenitor
ATT | Pdpn+

AT2 | Sftpc+
Macrophage | Ptprc+
Capillary

g
:
®
:

- Developmental lung biology:
- Cell differentiation is directional

* Progenitors persist longest at the tips
* Widening of airway structures to form alveolar sacs

Treutlein*, Brownfield*, Wu, et al.,, 2014, Nature




RNA-seq identifies bipotent progenitor cells
in alveolar development
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« PCA found genes with highest loading at day E18.5 (late sacculation)
 Unsupervised clustering revealed bipotent progenitors

Treutlein®, Brownfield*, Wu, et al., 2014, Nature




Reconstructed differentiation pathway of BPs
into AT | and AT2 lineages

BP AT2
sy '@ - Using genes identified in

Sipordpne e
Q}; 2 /\“ BP AT I, and AT 2, individual
° J/& @ cells can be classified into
AT1lat \QTZMST 1

[ ® sub-populations of

= oS intermediate cell types

y between BP and mature
ATl or AT2

- Reconstruction of lineage
differentiation based on
gene expression

e , - Additional support from ==
- il LLU pathway analysis LlNJ

Treutlein®, Brownfield*, Wu, et al., 2014, Nature
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What can we do with single-cell RNA-seq?

Can we cureé all diseases

-
in our children’s lifetime:

+ s
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The Human Cell Atlas

A “Google Maps” For the cells in the human body

...Can it really be done? How!?

LIFS 6170



Many technology platforms to choose from

beads with barcode

Wu, Wang, Streets, and Huang, Annual
Review of Analytical Chemistry, 2017




Microfluidic droplets applied to NGS

» Using droplets as chambers, we can increase throughput even

more, to ~100,000 single cells per run!

- Two Harvard groups published similar technology recently:

 Drop-seq - https://vimeo.com/128484564
* inDrop - https://vimeo.com/[26829858

Encapsulation Reverse transcription Library preparation
in droplets reaction in droplets

primer mRNA droplet
prim¢

release (UV) . . i eoene r breakup ' }
hydrogels cell lysis A G 3 ,, linear
lysis buffer °® @ L amplification }cell 3
= RT mix . AN AR ) .
I o A T — .., = }

cell 1

celln

" ssDNA primers

polyacrylamid lysis/reaction hydrogel
lyacrylamide i
mesh s

Sequencing and Analysis

Each read assigned to cell

according to barcode identity
cleavable
linker

Drop-seq: http://www.sciencedirect.com/science/article/pii/S00928674 15005498
inDrop: http://www.cell.com/cell/fulltext/S0092-8674(15)00500-0

Angela Wu

Drop-seq single cell analysis
Cells
Distinctly
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Microfluidic droplets applied to NGS

Angela Wu
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MOUSE transcripts

MOUSE transcripts

Drop-seq, 12.5 cells / pl

® Human (292)
® Mouse (277)
* Mixed (1)
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Single-cell resolution profiling of a whole organism!

Science RESEARCH ARTICLE

Cite as: N. Karaiskos et al., Science
10.1126/science.aan3235 (2017).

The Drosophila embryo at single-cell transcriptome
resolution

Nikos Karaiskos,'* Philipp Wahle,>* Jonathan Alles,! Anastasiya Boltengagen,! Salah Ayoub,' Claudia Kipar,?
Christine Kocks,! Nikolaus RajewsKy,!" Robert P. Zinzen?'
ISystems Biology of Gene Regulatory Elements, Berlin Institute for Medical ! A

Association (MDC), 13125 Berlin, Germany. 2Systems Biology of Neural Tiss 10° § ) )
for Molecular Medicine in the Helmholtz Association (MDC), 13125 Berlin, G Staged embryos 106 fixed cells Drop-seq data processing analysis

*These authors contributed equally to this work. . ’ cells S

1 f
e
| ==

virtual embryo

=

s’

B visH ""\‘)
| VS N

' S 3035 bins
84 expressmn patterns

LIFS 6170




Single cell resolution profiling of a whole organism!

RNA ISH RNA ISH

Fig. 5. Prediction accuracy and
detection of new regulators. (A)
B s VISH predictions are accurate

g ' across a wide variety of expression
q, patterns. Expression of CGs had not
been reported previously. (B)
Patterned expression of putative
transcription factors. (C) Patterned
expression of IncRNAs. (D) CR43432
and pan-neurogenic genes are
expressed in complimentary
patterns. Dual vISH of SoxN and
CR43432 (top left), double in situ
hybridization validates the

predicted expression. CR43432 is
additionally expressed inyolk @

nuclei (not shown in vISH). m—g—
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Single-cell analysis of 20 mouse tissues —
mouse cell atlas

International journal of science

Article = Published: 03 October 2018

Single-cell transcriptomics of 20 mouse
organs creates a Tabula Muris

The Tabula Muris Consortium, Overall coordination, Logistical coordination, Organ collection and
processing, Library preparation and sequencing, Computational data analysis, Cell type annotation,

Writing group, Supplemental text writing group & Principal investigators

Nature 562,367-372 (2018) ~ Download Citation %

d' n=4 Qn =3
Circulatory system
_ Respiratory system

Single-cell
suspension

- Digestive system
Urinary system
Muscular system

Integumentary system
_ Adipose tissues
_Nervous system
:Immune system

Microfluidic

Tabula Muris Consortium. (2018). Single-cell transcriptomics of 20 mouse
organs creates a Tabula Muris. Nature, 562(7727), 367.
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Single-cell analysis of 20 mouse tissues —
mouse cell atlas
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Tabula Muris Consortium. (2018). Single-cell transcriptomics of 20 mouse organs creates a Tabula Muris. Nature, 562(7727), 367.




Single-cell analysis of 2 million cells from
developing mouse embryo

t-SNE of £9.5 embryos

E10.5 embryos

Article | Published: 20 February 2019

The single-cell transcriptional landscape
of mammalian organogenesis

Junyue Cao, Malte Spielmann, Xiaojie Qiu, Xingfan Huang, Daniel M. Ibrahim, Andrew J. Hill, Fan

Zhang, Stefan Mundlos, Lena Christiansen, Frank J. Steemers, Cole Trapnell B Jay Shendure
Nature 566, 496-502 (2019) = Download Citation X
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SINGLE CELL WHOLE
GENOME SEQUENCE (WGS)




Microfluidic droplets applied to NGS

- Single cell DNA sequencing using Multiple Displacement Amplification (MDA) is
known to have problems of amplification bias (e.g. preference for GC rich regions)

 Huang group at Peking University solves this problem using droplet-based MDA
(http://www.pnas.org/content/ 1 1 2/38/1 1923.full)
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Fu et al, PNAS, 2015
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Microfluidic droplets applied to
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Single-cell proteomics

CYTOF — cytometry and time-of-flight

Time-of-flight

Antibodies
labeled with
elemental isotopes

Quadrupole

Integrate-per-cell jl,“ ll

Heavy (=100 Da) cell 1
Reporter atomic ions l —> cell 2

“ Ce}l 3
Light (<100 Da) :
Y Overly abundant ions l l l
L

|

Mass

Analysis

Element A
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Element B

TRENDS in Immunology

Image: http://cytof.scilifelab.se/homepage/static/images/cytof.jpg “
Review: Bendall, Sean C., and Garry P. Nolan. "From single cells to deep phenotypes in cancer." Nature biotechnology 30.7 (2012): 639-647.
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Single-cell multi-omics

) €

Ab-seq or CITE-seq: cellular indexing of transcriptomes and epitopes by sequencing
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Stoeckius, Marlon, et al. "Simultaneous epitope and transcriptome
measurement in single cells." Nature 201 (2017): 7.
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Single-cell multi-omics

scTrio-seq

Single cell suspension

D - . — L
Picking Single cell lysis Spin down
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Amplification  Reverse transcription RNA
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Hou, Yu, et al. "Single-cell triple omics sequencing reveals genetic, epigenetic, and transcriptomic
heterogeneity in hepatocellular carcinomas.” Cell research 26.3 (2016): 304-319.
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