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High resolution spatial transcriptomics method by photo-isolation chemistry

Honda, Mizuki
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Photo-Isolation Chemistry (PIC)
caged DNA

PIC

To gain insights into tissue-specific gene expression in multicellular
systems, spatial information is required and precisely linked with gene expression profiles.Here, we
have developed a novel high-resolution spatial transcriptomics technology, photo-isolation
chemistry (PIC), which is able to isolate gene expression profiles only from photo-irradiated region
out of whole tissues. This is a method in which a tissue section is annealed with a photocleavable
blocker modified caged oligo DNA, and after a reverse transcription reaction, photo-irradiation is

pﬁrformeq on a region of interest on the section to obtain gene expression information only from
that region.

RNA-seq



FACS
100 pm
(1) PIC RNAs
[ ]
T 1o
{ UV

DNA polymerase |
K&BTF71X—MR

UV () ey 24 nt
UV (+) S e nt
| =t Pace

uv: -+
-41nt

-24nt
-19nt

BE1. UV REFENEWEEKE
UV RTFMIC NPOM =Y F{LED (@) D

(FACS) Laser microdissection (LMD)

LMD

Photo-1solation Chemistry (PIC)

P79 —EF) B
7 70E-5- total
5. TTTIT RNA Y)H
o\ 5 - +
P A %=1 mRNA

(op)
500

s I T =
AMARA =etebeleladelleln 57 200 "

mRNA

100 *
l FEH, lysis
Fa—-7RTD YA LETD
- I T PIC RAseq SE
iz %o ® AR e §

3. PIC RNA-seq MY I 2 H2 FHRAREK

(A) UVRBH L BATDH CEL-seq2 71 73 VAR

g — ENF()e (B) R IXBMOMBMABYHACHL. 4%
T PFA B5E. 5% TritonX & & U 0.1N SR £ 16 L 7o .

R & CEL-seq2 i\ T DNAL #EBMRE YL CHT L.

l WEBRICRIE—LEBN. SAT5VARETT 1.

WRMER L TRSA TS UNELAEREE R,
fobt, ERLBERT L TS4T5)ARNTRE

l =& DNARSL

IVT, RT-PCR, sequencing

BRL, #RENhD, Bofe(*)e

B2. PIC RNA-seq D=

UV BHRZNIBAOH KM DNA L2, 20%D

VT RIGA BRI T B

uv
DNA DNA uv
6-nitropi peronyloxymethyl (NPOM) uv
1 RNA-seq DNA
uv
RNA-seq CEL-seqg2 (Hashimshony T., et al
Genome Biol 2016)

CEL-seg2 1) DNA MRNA polyA 2) DNA polymerase
| DNAligase RNaseH DNA 3) T7 polymerase invitro transcription
(IVT) RT-PCR 4) ( 2 PIC
RNA-seq uv T7 DNA
IVT ( 2

( 3 PIC
1: NIH3T3 total RNA NPOM PIC DNA
uv uv
( 3A)
2 CEL-seg2



(10 pum) 4%
total RNA
( 3B)
e PICRNA-seq ( 9
A B C
Sox2 + ¥

] ] 0 |

wenme| RSO L5 :
B

BRSNS | Mouse Sox2 - - + ®
qPCRO#ER| Mouse Gapdh - + +

= RESNEBARBIORAVIIX—YavERKT S

4. PIC RNA-seq D TRI{E#E1%E D S

Scale bar : 50 um

CEL-seq2

MRNA

Sox2 Gapdh
3
g 2
g 8 g 8
2 1 8 &
-, ) 8 3
[ ° g o
° 0 8 :
> °
3 ‘
N.D. L TT. T
BRE + +(+ + + @
&R o+ + + +

E14.5 ¥ 7 ADEEEYI A Z AW ROI FRENBEFRROAZEETESZNE SHNITDWT gPCR ZHWTEIHE L
feo UV REUZMRUADIY Y 22— a YHARWHDTHEDR E 125, (A) REROETIVR LHiFEh3 gPCR
DFER (B) EBRITHIRGT U 75835 (C) Sox2 & Gapdh IZX$F % qPCR

PIC
DNA
Sox2 Sox2 ( )
( ) uv ( 4A,B) 20
365nm uv DAPI uv
T7 Sox2
Gapdh Tagman-gPCR ( 40 Sox2 uv
(n=11/14)
(n=0/14) Gapdh uv
(n=14/4) uv Sox2 Gapdh
(n=0/14) uv
uv
PIC ROI FACS
(2 PIC ROI
e FEl145 PIC RNA-sq (5
in situ hybridization (1SH)
PIC
PIC DNA
Sox2
uv ( 5A)
100 * *
75 um
uv ( BA) 80
CEL-seq2
1
( 5B) uv
( 50
204 (differentially expressed gene : DEG)

( 5D)



A UV RHHEE (Sox2 + #)

o HRIE

® FRER

A DMD ZR\W e UV ST ( BiA~ VU RiBHERI: CA1, CA3, BiR[E])

DMD

R[E] $5it8
'\? oy ERE g 20
. @ CA1
/ i z 104
= X L 4 - =
RS A =
o =z BE ~ A 1
C S8 A O
gz [
=g E 2 @ h
¥ 852 -2 — !
< M 2 20 0 20 40
< PC1 (58%)

( 5B)

RITESRE (UMAP)

Pl C RNA-seq (6
B REIhIGBEFH G
15,000 2
o &®
10,000 * g o b
bt <o
=

~

B RITESR (PCA)

A A

6. Ri&E~ RBRAIRICK T B PIC RNAseq 4T

(A) BiAY 9 ZABEDTBRY)A . DMD £FWNT CA1, CA3,

HHB TR/ SN DEG DE—hI v T

e === =P
_— = & Vs
H{UER R ElE R AVA <

B5. E14.5 ¥ 0 A HEERIBICX T 5 PIC RNAseq f#4T
(A)E14.5 ¥ ADEKEY . RRIEHEE. ARIESEERIC uv BEULEIERT, (B) RESniEE
T (C) RITEME7 LT X UMAP 2 (D) =P LB TR 5 f- DEG Dk — kY v 7 (E) BHIERR
e L TRESNIBEFICHT 2 ISH

PIC ROI
CAl1 CA3
PIC RNA-seq ( 6A)
( 6B) 1,070
6C) RNA-seq
et al., eLife 2016)
e Hela PIC RNA-sxq (7
mMRNA
polyA RNA nn
DMD
5,000
PIC
SC 35
100 (SC25
(SC35 ) uv PIC RNA-seq
1 ( 7B) UMI
( 70
UMI
300 (
1,990 DEG
MALAT1 7E)
AKR1C2 RNA-FISH
( 7P PIC

EREIDOWThhIC UV BEFU Tz, (B) PCA (DD ICK B RTEME (C) =&B

(DMD)
uv

DEG (

(Cembrowski MS

)

Hel a
DNA
( 7A)

20

uv 100
1 um? 200 ~
7D)

RNA

nm



Photo-|solation

Chemistry (Honda M. et al.,Nat. Commun. 2021, 8)
T7 70€E—%9— llumina sequencing primer  UMI  Barcode
R A TAATACGACTCACTATAGI R MGAGTTCTACAGTCCGACGATCINININNIY TCGAAG |RRERENRRRRRRRRRRRRRRRRRIAES
e dé o b
Ll P 75—
© REEFE RS AR 7 7O0E—9—
| @ & - mawm 5- T oA 8. PIC RNA-seq D7 0—7—%
" 0 o ¢ o 5
| @ 7k EeowEERM T—IRikAY mRNA PIC RUTD @@ OTENSHD
1 O £5& : 9&’5%51%2 VRS r— ke > TW3. @ FERETH O%L. @
o= 5'-—TTITT KBARBOTr—Y RbaPEBALE
@O ROI D s G40 g m——— s YESAA YT DNA &REEHRE
e B HThs %® 4% dy IR VERS & CEBBE L 74
P Fill-in S2it: WY ICATL, © Y1F ETUERER
s T ——————— BEITS. Z0%, OO REREBET
AAAAA s 25 U 12 ROICUV S L, ROI DHD
2 . T P
| @ amag - EIR =#MDNA AR SR AYERETS. 205X
| @Fiin i VT RS T, @ TRTOBBIH 51— %
—T iy RSN EURL, @ Fil-in RISEEDZE, @
10‘7’475') b1 UV (+) i L oy ' '
ROI H3RMD cDNA D #ht IVT THERE
[0 D UV (-) et ) ] EEEhARn n@Y—4rYRTES
600 { |
o
500 Bam
o | AKR1C2
E 400 -.8. ~300 UMIs / pm? _ = MALATT
~ ™=
2 300 | . £ n
E a2
= 200 {0 ]
1um i
-
100 |
o &

SC35/3tE  SC3skatE

E7. HeLa #B3DZ AR Y 2 )LIcxtF % PIC RNAseq f#4T

(A) SC35 DEFREERE BEH. imaged ZHAVWTZEILL. YRAF VI Y—REER. ThEDMD DY 7RI ZICFEHAALIET
Hela fIfAO#AEE. SC35 BiES U < IZEBHEOWIThDIC UV RETE 2, (B) RESNIOEERFH (C)REINh UM e ZDBEK
(D) 1 um? B H ® UMI ¥ (E) THEMHETE SNl DEG Dk — Iy 7 (F) AR Y 7 )UERN ERB S NIOEEFICHT S RNAFISH



2 1 0 2

Honda Mizuki OKi Shinya Harada Akihito Maehara Kazumitsu Tanaka Kaori Meno Chikara Ohkawa
Yasuyuki

High resolution spatial transcriptome analysis by photo-isolation chemistry 2020

bioRxiv -
DOl

10.1101/2020.03.20.000984

Honda Mizuki OKi Shinya Kimura Ryuichi Harada Akihito Maehara Kazumitsu Tanaka Kaori Meno 12

Chikara Ohkawa Yasuyuki

High-depth spatial transcriptome analysis by photo-isolation chemistry 2021

Nature Communications

DOl
10.1038/s41467-021-24691-8

Photo-Isolation Chemistry

43

2020

2021




Mizuki Honda, Shinya Oki, Akihito Harada, Kazumitsu Maehara, Kaori Tanaka, Yasuyuki

High resolution spatial transcriptomics method focusing on photo-isolation chemistry

CSHL Meeting: Systems Biology-Global Regulation of Gene Expression

2020

Mizuki Honda, Shinya Oki, Akihito Harada, Kazumitsu Maehara, Kaori Tanaka, Yasuyuki

High resolution spatial transcriptomics method by photo-isolation chemistry

EMBO/EMBL Symposium: Multiomics to Mechanisms

2019

Mizuki Honda

High resolution spatial RNA-seq method focusing on photo-irradiated region

Lecture in College of Dentistry, Yonsei university

2019

RNA-seq

AMED

2020




RNA-seq

2019
RNA-seq
42
2019
RNA-seq
4
2019
1
, 2020
UuPpP 270
Photo-Isolation Chemistry
1

2019-094216

2019







