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(illusts from Gladka et al., Circulation, 2018) 6
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Highly Parallel Genome-wide Expression Profiling Evan Z. Macosko
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Drop-seq single cell analysis

Cells @,
Distincly g L Drop-seqi&DNAN—O— FNE—X ¢ BH—Max+/ Uy FILDK
e SE S S € BICA T TE S,
% ( Drop-seqld E—#HAZ DRNA-seqD il 51k % "I gE(C L 7=.

. ) Z DX TIE, 44,8081 MRNA% AT L, HBERED39FEFE D
KK pEEERELE

1000s of DNA-barcoded single-cell transcriptomes

A7 RENT, MR’ ZRERICXELEND.

(Macosko et al., Cell, 2015) 11
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H—ifa R XE1k mRNA® [a]4X NGS libraryif%E
Complex tissue Cell isolation Cell suspension STAMPs Library
R @l —> y 4 S —> —>
L _J s NN
O ar2): ® )% A A
-
Use Drop-Seq to analyze the Suspend in droplets with Single-cell transcriptomes RNA-seq library with 10,000
RNA of each individual cell beads (microparticles) attached to microparticles single-cell transcriptomes

Barcoded primer bead

PCR Cell UMl
handle barcode

CHE—RX%ERT 3 LEHFRARDAT
« BE-XIFENLERIIVTESNTWND,
= 1R Rk DT AV RIBE

« MRNANA 7 VBRI BHREBRIIN T EINT NS,

TTT(T27) = mRNAFIR D& H n] gL

(Macosko et al., Cell, 2015) 12
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— . _ . 7 7 AR —DWljin % i
* 7 /r 7 7 U T 0) v 7 L 7 b 7 7 Sample sequencing read-pair

\/ \/ 7\\}[/’&}[/7__\\_ & @ﬁﬁ*ﬁ' Read 1 Read 2

[ ]
/

&b — XIS RN LR S —
Cell  uml Gene identity

\ mRNA/NA 7Y EB43 1 Sk 4 BR5
Cell /

barcode UMI cDNA (50-bp sequenced)
—— —_———
S EEEEEEEEE TTBCOGTEETETEE0GE6GN  « « + v v v e v v s COGTGTTA * Nei f— * 7=
e e P —— T ) rroccorocrorTaTeaass. . ... .. CCRABCACT ﬁgﬁgf m ﬂﬂy& X E{K?y&a) 1T§IJ
COTTAGATGGCAGEECCEGG . « .\ v v v e CTCATAGT (&) marece ] ACTB Cell: 1
ACGAGTTAGTITIIGIA. - - v v v v v v v+ - - BOCTCATAR . e : N
craserer.............aarrrrer  CDNA aligng‘:ent to  « { mmﬁ% Ib%ig Gofl;?tel;néﬂu;egyls NE 1 1 14
BTGEEEET. . .00 e atanecTc  JENOME anda group o asecerrr | HIF1A -
TTGCOGTGOTGTTATOARAGS . . . . . . . . . . - . - COAGCACS results b‘}f cell o in each cell GENE 2 4 27 8
AGTCCATGTEOGECAGETTT « « v v v vnsss s GTTGECGT > mn“] ACTB — GENE 3 0 0 1
R —— - n m - " " "
ARATTATGA n.c-rrrt"rnnr.n'ncw.c —_ AGATGGEE Createdigital : . .
TOTAGGCT . . ... . . L GEGGROGR 8 eacTeeac | RPS15 . .
P p— expression matrix GENE M [ 2 0
ITTITTGACCAGTCOTGAGEE - - - « « « « « « + + « « TDOCARGE - GATTITCT ] GTPBP4
ACTGTCCATECCCCTOTETR - - « - v e v v e v e - TGETACGT 5 errescet ] GAPDH
T. TAATCOGGTS . TTAARCCE (&) :m‘rc ] ARL1

(Hundreds of millions of reads) (Thousands of cells) (MaCOSkO et al., Cell, 2015)
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Welcome to Ubuntu

* Documentation: https:
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* Support: buntu .. com/advan

ystem information as of Sun

8 updat an be applied immediately.

The list of up is more than
es run: sudo apt update

To check for new upd

This message is shown once a da

hushlogin file
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Deposit

photoresist — Silicon wafer

Silicon wafer

Add mask -500 nm — 500 pm
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d__ =

UV light exposure:;
remaove mask:
dissolve photoresist

Pour an PDMS; /

cure (65°C), peel away PDMS

“—Master

Embossed micrastructures

(Weibel et al., Nat. Rev. Microbiol., 2007)
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T

gl

null

O 1B O RunTRIFHAE D EEMNT A RIBED ?
RRDEEIZLI25 um, EREDOMEIEIZ 4/3 mr3=1nlL
I mLoEEZ/FERT 5L, 1 mL+1nl=1,000,000

FHARDETE : 5% ({fE) x 5% (' —

4

X) = 0.25%®D

1 mLO&E A 1,000,000 x 0.0025=2,500{@ DO DIEHRZzF o N5 AIgeED D 5.

cDNABBOBIZ T6E| D E— X AR OERER £ I
1D EEREEICEY, 100020475 —%4/EELA]H ’C HB,

FYVHKRT B7&

REN R E—XZHALTWS,
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MiseqD B &
25,000,000+50,000-100,000=250-500 cells/run

NextSeqDHZE
400,000,000 +50,000-100,000=4,000-8,000 cells/run
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% Support:
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« JFonzY—FH

shrimpl: 284,925,008 reads
shrimp?2: 241,540,942 reads
shrimp3: 294,330,840 reads

« mappinglFD U — F# (Quality-trimming#&)
shrimpl: 132,001,633 reads
shrimp?2: 106,395,757 reads
shrimp3: 132,001,633 reads

o BBITEFEOPCORRy 7 E
CPU: AMD Ryzen 5 2600, 6 Cores 12 Threads
RAM: 32 GB
WSL2_E ®ubuntu TEEHT

Welcome to Ubuntu 28.84.2 LTS (GNU/Linux 5.18.43.3-microsoft-standard-wSL2 x86_64)

* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com

* Support: https://ubuntu.com/advantage

System information as of Sun Sep 5 15:13:81 JST 20821

System load: 0.24 Processes:

Usage of /: 8.6% of 250.98GB Users logged in: <]

Memory usage: 1% IPvlY address for eth®: 192.168.68.116
Swap usage: 0%

8 updates can be applied immediately.

The list of available updates is more than a week old.
To check for new updates run: sudo apt update

This message is shown once a day. To disable it please create the
/home/koiwai/.hushlogin file.
(base) 1 $|
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O 847 L il O & RE B FHAa L
 FHAEEX : 2,566 i AD D EEAT I AT

« MappingR: 8o/ rF7 X7 YT F—=LD
de novo assembledB2F ~Dmapping3(£50%5#

e MHIMNZUMIZEL : 2,427 UMIs/cell
o MH XN 7-GeneZk : 1,193 Genes/cell

» fER & L TUMI x #Ad#x ~ 400,000,000 = 1.6 %

The number of UMIs per cell

UMI

15,000 =

10,000 +

5,000 =

(n = 2,566)

The number of genes per cell

5,000 -

4,000 =

3,000 -

2,000 —

Gene

(n = 2,566)
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UMAP_2
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Clusters

Hem 1 (n = 168)
Hem 2 (n = 850)
Hem 3 (n = 533)
Hem 4 (n = 468)
Hem 5 (n=134)
Hem 6 (n =413)
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Expression

0123456 Hem 1 Hem 2 Hem 3 Hem 4 Hem 5 Hem 6 B .
5 Average expression Percent expressed
“ [ I B N S E——
e g~ vl npuits -1 0 1 20% 40% 60%
wo i Clusters
N - e 0
Hem1 Hem2 Hem3 Hem4 Hem5 Hemb6
1 1 L 1 1 1
GO:0060089: Molecular transducer activity (17) = . (] [ ]
Marker 1 (167
arker 1 {167) G0:0140110: Transcription regulator activity (25) 4 @ [ ]
G0:0045182: Translation regulator activity (2) - . . [ ]
G0:0032502: Developmental process (272) 4 @ [ ]
G0:0040007: Growth (32) { @ ° @

Marker 2 (29)

ot G0:0002376: Immune system process (49) - . .
Marker 3 (38) G0:0008152: Metabolic process (339) 4 °® o e [ ]
Marker 4 (37) GO:0000003: Reproduction (148) < (] [ ) o [ ]
G0:0022414: Reproductive process (146) = [ ] [ ] o [ ]
Marker 5 (42) GO0:0050896: Response to stimulus (219) 4 ® ® L [ ]
G0:0023052: Signaling (101) = [ ] @ .

Marker 6 (102)
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antimicrobial peptides & lysozyme clotting-related genes

5.0 -

oy oS ED B Expression . S Expression
¥e s 25 Sk g ﬁ:‘ﬁ' SR (:‘- "
4 * ','. . K v p
| Py 2.0 %ﬁ'
el TR -
0.0 - . 1.0 . .’;‘%’g‘_f’-:} , AR

UMAP_2

4.0

phagocytosis-related genes crayfish hemocytes marker genes

5.0 - , ,
o P2 ar TR Expression ol Expression

. o 1.0 AR, 2.0
3 GBRIES 05 NS ok 2= By
" © 2 -5.-. ' - ‘ & ¢ ::",. & 1.0

0.0
-1.0

0.0 +

UMAP 2
%:.. ."
= £ Lers A%
ig k]

4.0

melanization-related genes
L . Expression

X
R = Y
S, . o TRPRERT . ¢
g ¢ 1.0
S8 e g . .
g..1{:§"§:h$§.‘ 3 05
Gl P e AN :
o 0.0
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other types of immune-related genes

Expression
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I 1.0
5 0.0
sl 1.0
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ntage of each cell cycle phase

Percel
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60% | [
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-5.01
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Clusters
Hem 1 Hem2 Hem 3 Hem4 Hem 5 Hem 6

Blastx result

Contig No. Accession No. Gene name [sientific name] Identity (%) ; . . . : .

Mj-7069 AGS38337.1 extracellular signal-regulated kinase [Penaeus vannamei] 100 4 @ [ ] _
Mj-13127  AQY45917.1 mitogen-activated protein kinase kinase 4 [Penaeus vannamei] 99 = . Average expression
Mj-4262 XP_027219293.1 insulin-like growth factor-binding protein 4 [Penaeus vannamei] 42 = . 2

Mj-19206  XP_027219293.1 insulin-like growth factor-binding protein 4 [Penaeus vannamei] 43 + [ ] l 1

Mj-19467 XP_027219293.1 insulin-like growth factor-binding protein 4[Penaeus vannamei] 43 @

Mj-19793  XP_027219293.1 insulin-like growth factor-binding protein 4 [Penaeus vannamei] 40 (] 0

Mj-21255  XP_027219293.1 insulin-like growth factor-binding protein 4 [Penaeus vannamei] 40 ’ -1
Mj-21257  XP_027219293.1 insulin-like growth factor-binding protein 4 [Penaeus vannamei] 39 [ )

Mj-24334 ANJ03341.1 vascular endothelial growth factor 3 [Penaeus vannamei] 58 - .

Mj-3042 ROT67304.1 PDGF/VEGF-related factor 1 [Penaeus vannamei] 60 S .

Mj-18900 ROT67304.1 PDGF/VEGF-related factor 1 [Penaeus vannamei] 60 - o Percent expressed
Mj-2972 BAJ34645.1 astakine [Penaeus japonicus] 100 H o o ®

Mj-21466 ROT78501.1 crustacean hematopoietic factor-like protein [Penaeus vannameli] 55 . @ . ° 20%
Mj-3716 ALL27071.1 vascular endothelial growth factor 1 [Penaeus vannamei] 69 - o O ® 40%
Mj-25608 ROT74107.1 growth hormone secretagogue receptor type 1 [Penaeus vannamei] 48 4 @ ®

Mj-28951 XP_027233025.1 platelet-derived growth factor receptor alpha-like [Penaeus vannamei] 50 S ® o o . 60%
Mj-28952 XP_027233025.1 platelet-derived growth factor receptor alpha-like [Penaeus vannamei] 50 o . . .

Mj-28954  XP_027233025.1 platelet-derived growth factor receptor alpha-like [Penaeus vannamei] 50 - o o @
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Species Paper Tissue Technique Cells Genes UMIs Mapping ratio
. . inDrop
S amYa AT ;g%k“a stal, eLife,  Homocytes 10X Chromium 19,458 1,010 2,883 N/A?
Drop-seq
N Ayana et al., bioRxiv, . . 0 o
ORAE X X B 2021 Brain 10X Chromium 2,923 531 1,0007? 69% (49%)
RAEAATRZ Guslund et al, Immune cells Drop-seq 8,180 409 884 61%
Front. /mmunol., 2020 ’

N Sun et al., Genomics, . 10,889 230 95%

I~ I ! ! ’ o
RRTHA 2021 Muscles 10X Chromium 3833 650 N/A? 859
FALDY Satoh etal., Front Embryonic cells 10X Chromium 14,016 N/A? N/A? N/A?
Cell Dev. Biol., 2021 ’ ' ) '
. Koiwai et al., eLife, o
JI<TIk Hemocytes Drop-seq 2,566 1,193 2,427 50%

2021
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O FHE D EHif g~ DD B (Garcia-Castro et al., Genome Biol., 2021)
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O FHE D EHif g~ DD B (Garcia-Castro et al., Genome Biol., 2021)
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O #HE D 5 DI (Ernst et al., bioRxiv, 2020)
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O Method of the Year (2020): spatially resolved transcriptomics
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There are

37 trillion cells

in the human body

The Human Cell Atlas will create a ‘Google map’
of the human body. This is a global effort.
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