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Starting with my passion to DNA
sequencing in late 80’s

Lesson learned:

Technologies make revolutions

... Often leading far from hypotheses



Technology development -

and the establishment of FANTOM

® @ Yoshihide Hayashizaki’s lab at RIKEN (1995)

® RIKEN wanted to develop technology to identify genes in
genome-wide scale.

® How to construct a catalogue of genes;
® How genes are regulated

« (1) Full-length cDNA technologies

* (2) Mapping regulatory elements: Cap Analysis of Gene
Expression (CAGE; later in the presentation)



RNA JeETs) AAPAA......... AAA

A key technology: 1. Cap chemical
Cap-trapper biotinylation '
- Biotinylation of cap site
2. CDNAsynthesis e

Truncated cDNA Full-length cDNA

| B Rivase ONE digestion |
) . Bioti AAAAA........ AAA Bioti AAAAA......... AAA
3. Digestincomplete k@ymmmm ||||||||||||||||||

cDNAs
l Capture on magnetic
streptavidin beads

4. Selecting only cDNAs Strept
. avidin_ pi i AAAAA......... ARA
that reach the cap site iy
KEY: a method to capture complete mRNA molecules and eliminate noise l
made by fragments of mMRNAs (cDNAs)
Strept
a:/id?n Biotin

Full-length cDNA



Where to go, as RIKEN/Japan?

K1990-95 Discussion around the Genome Project

« All discussions on how to sequence the genome.

« How could possibly RIKEN contribute
significantly to a such large project?

-m

1995: started technology development, 1998 started data production for the:

“Mouse genome encyclopedia project”

Development of a series of technologies.

. * Full length cDNA technologies
+ A large-scale sequencing system
@ 384 Capillary sequencer
40000 clones/ day capacity of plasmid preparator

¥ <

(&




How to analyze lots of sequences??
B \Ve made the project (the experimental part at least)!

B Libraries from all mouse tissues/developmental
stages,
B Millions cDNAs (= expressed genes) end-sequenced

H>103,000 cDNAs fully sequenced
B How to analyze so much data?
« Call your friends
 Make new friends!
* Bold proposal: invite many new friends to look at the
data

B FANTOM Project:
Functional ANnoTation Of Mammalian Genome
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Figure 1 A shot from the Zen meditation ceremony held as an excursion during the
FANTOM2 Cherry Blossom Meeting. The Zen meditation was a good break and provided the
participants with novel inspiration.



Unexpected discoveries

There is much more than what in textbooks



Expectations €< ?77?7?-> Data

Structure of a Gene

Exon 1 Exon 2 Exon 3 Exon 4
Promoter ™1 intron 1 ™1 Intron 2 mM Intron 3 e
g —— gy —
Geone (ONA)
‘Trmﬁpﬂon
. Primaty iranscript (RNA)
Old Textbook image of a gene e . S —
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New reality- many more RNAs (mRNA, other “non coding” RNAs)



Discovery of “non-coding” RNA

Still we know very little

0
Discovery of the “RNAlatemisively studied.

RRRRRRARARAT  MRNA
Transcription ' >20,000 e

47%
¥ "

mRNAs
¢
~30,000

20,929
J.00U(
- SNIA




Charting genome output: gene forests, IncRNAs, antisense

........................................
........................................

117480k 117490k 117500k 117510k
o ———
O ——m Y N I
L P GaYr——+—%1 o=
Z Ty | s T e [ Rk e
- @14 .
% i A R § f s e | > 200,000 different
Ly i
—NEE I
F——NmER AN i types of transcripts
N | 2o

B 3T L Wy . AW

—

= Transcriptional units (~groups) (44,000)
Gene forest (<19,000) —

Gene desert

Regions of the genome are used multiple times, multiple RNAs as output



The new transcriptional landscape

The RNA world is crowdy:
“DARK MATTER”
of the transcriptome?

“transcriptome” refers to the collection of all the RNA transcripts



Controversy? from 2002- 2012 and beyond

v' Some attacks
v" The RIKEN cDNA libraries are full of “junk”.

—> Discovery of IncRNAs

v The RIKEN library are full of cDNA in the wrong orientation.
—> Discovery of antisense RNAs.

v Papers attacking the findings
v Papers supporting the findings

v' Subsequent papers confirming the findings

“Dogma” versus evidence from new data



The genetic basis of developmental complexity

e Humans (and other vertebrates) have a&gnroximately the same

number of protein-coding genes (~20,000) as C. elegans.

e Most of the proteins are orthologous and have similar functions
from nematodes to humans, and many are common with yeast.

e Where is the information that programs our complexity?

Slide courtesy of John Mattick




Next to the “gene catalogue™:
How to broadly study gene regulation?

- Long journey to map regulatory elements and
identify, characterize and use novel RNAs

- Technologies <-> biology and medicine



Understanding regulatory elements in genome

Regulation of

Gene Expression?
Potential Roles

in Diseases?

Non-coding RNAs Enhancers Promoters
non-coding non-coding non-coding coding
variants variants variants variants



CAGE to broadly map promoters (and enhancers) > 5’ UTRs

* Precise
identification of
TSSs.

* Quantitative
analysis of TSS
activity and
promoter maps

« Genome-wide

CAGE

Cap Analysis of Gene Expression

Technology
5 RNA 3

AAAAA
<

B caAP AAAAA
]

cDNA

G Cap-trapping

Sequencing

Mapping

Identify accurate 5’-ends of RNAs

enome  —
RNA2 o B e on

>
CAGE >
reads >

>

RNA-seq
reads

CAGE
interpretation

Expression
—

RNA-seq
interpretation

Expression



FANTOMS: Regulatory elements in most primary cell types

Samples: Variety of cells
~3,000 human and mouse libraries in total

Primary cells Tissues Cell lines
c e 50 4
(A

573 152 250
128 2t

HRFANTONS

8 UME, 3L0SSOM MEETING g

« 261 authOi,’S-,
* 120 international collaborators
.+ 19 countries’

Forrest et al. Nature 507, 462 (2014)



Overview of approaches; 3000 libraries

Primary
cell
compendium

Integrated transcript sequencing
*+ CAGE promoter map

*  RNA-seq transcript map

* Short RNA processing map

Transcript discovery

* Better gene models

* New IncRNAs

* New insights on processing

* Promoter-centered expression map

9

13210 TPM GFAP

A .
Median
Expression 0

level
il
0 1

39635 TPM
A

ACTB

Median
5067

Expression

FSLCCAATSESE || GGICCICCTGAT || SGGECHEGEC level

Cell specific network models
P . 947 samples
Key transcription factors, Key motifs Forrest et al. Nature 507, 462 (2014)




Expected/unexpected results

B Measure gene expression
B Infer networks globally
B Map promoters

B Surprises?



FANTOMS: Promoter architectures differ in different cells

~270bp, unprecedented high resolution
« - s s s e s . #
B4GALT1
e et e e Astrocyte donor1
MT——_"TW— T T T T Astrocyte donor2 :
_...r__-_—.q—---- T T TTTTmTTTTTTTT T Astrocyte donor3
I stk (R T cD14+ donor
_,,,rﬁﬁ,f.ﬂr..-m T T T YT T D14+ donor2
--,T,.-,A,,,.m...-—u-— T T cD14+ donor3 || | bl e II II
e e T "'_W"Trlmr_"mrwr CD4+ donor1 CPGEPG TATA  CpGCRG CpGCPG
et T TR T cD4+ donor2 WMQ
T T T T T (s donor3
’ TP SW-13 cell line Celll Cell2 Cell3 Cell4
TSS preferences: * Blue, yellow and green:
« BA4GALT1 core promoter Broadly used
« Primary Astrocytes * Red:
« CD14+ monocytes Cell2 specific and
. CD4+ T-cells highly expressed

223,428 in human and 162,264 in mouse of reference TSS

Forrest et al. Nature 507, 462 (2014)




Regulatory network analysis. Why using CAGE?

Number of CAGE tags that
mapped on the same site

T ..
2Epsi™

Reaction efficiency

*  Number of possible binding sites

\ :

Degree of conservation of the motif
Chromatin status

-800 IRESISTATA box TSS

LJQQG.J

e :I“Q‘& — » CAGE tag
e 3

-800ITACGAA TAACTGA TATA box TSS 200

200

{‘ACTTGA‘} TATA box TSS

\ TACATAC AGCCGAR ** 755 —
'- : GENE4

g
!
......

200
CACCT GA ATACGAA

>

GENES

=
-800 GAAATTG AGCCG Gd’ATA box TSS 200



MOGRIFY: direct cellular reprogramming

A high-scoring transcription factor ":;- 3 R --,:" = TF previously used and predicted by Mogrify
High - 7 MYOD1 (39) Z'}g
Fibroblast Myoblast
=
Qo .
7 Intiaing o @ Cebpa, Spit (26) @
= TF R CEBPa (27)
% ) B cell Macrophage
]
A low-scoring transcription factor ‘g 4 SOX2, OCT4, KLF4, MYC (3)
uq:‘-’ ke SOX2, OCT4, NANOG (24) @
= ibroblast
= SOX2, OCT4 (29) ESC or iPS cell
Low
i, Foxa2, Hnf4a, Cebpp (30) (=)
e \ Fibroblast | HNF1A, HNF4A, HNF6, ATF5, PROX1, CEBPa (31) Hepatocyte
—» A regulatory edge (from STRING or MARA) Sl 9
¢ A candidate trar)st.:ription factor _ T - e GATA‘E: TBX5, MEF2C, ESRRG", MESP1 (28)
@ A gene (transcription factor or peripheral) Distance from initiating TF @ @ ®e 0 Fibroblast | Hand2", Nkx2.5, Gata4, Mef2c, Tbx5 (9)
Heart

Rackham et al. A predictive computational framework for direct reprogramming
between human cell types,
Nature Genetics, 2016

@ Set of expressed genes in the target cell type
© Regulatory influence of top 6 TFs

ey PO 3 FANTOMS spinoff




More surprises



Bidirectional transcription identifies cell specific enhancers

VISTA heart-specific enhancer 1862
'500 bases |

181,122,500 1181,123,000 | —
51 Enhancers have bidirectional

CAGE transcription.

chri

CAGE reverse ‘-l.
<Y, SO Py (5P R

CAGE forward - Bidirectional transcription
i i identifies the nucleosome
UCSC Genes boundary.

ENCODE TF ChIP ~Seq — Based on this, we make a rule
H3K4me1 M to locate novel transcribed
158 enhancers over the whole

H3K4me3 o8 FANTOM collection.

H3K27ac 0 - o

Vista Enhancers e
ENCODE DNase clusters P —

PhastCons Conservation m_ﬂn,_m._“_l_,__

Andersson et al. Nature 507, 455 (2014)



Systematic in vivo characterization of active enhancers across the human body

identified 65,423 and 44,459 enhancers in human and mouse.
60% are over-represented in one cell/tissue group.

Human GWAS SNPs map often on enhancers and promoters (less frequently on coding exons).
Promoter and enhancer usage and QTL analysis. Garieri et al. Nat Commun. (2017)

Cerebell

&;, QUns

Andersson et al. Nature 507, 455 (2014)



Disease-associated SNPs are enriched in enhancers

GWAS-SNP over-representation in different genomic regions

exons

Fibrinogen — ==
Creatinine levels — ==
Warfarin maintenance dose — ===

Hemoglobin —f s
Age-related macular degeneration — ===

Red blood cell fraits — ===

Soluble ICAM=1 — m—
Primary sclerosing cholangitis —f ===

Soluble levels of adhesion molecules —f =
Chronic kidnev disease — ==

Hematological parameters — =
Other erythrocyte phenotypes — ===

GWAS SNP sets

Mapping the genome regions that regulate gene activity in diseases Andersson et al. Nature 507, 455 (2014)



Transcriptome for ALL human cells

- Promoters, enhancers, IncRNAs as FANTOMS but in “single
cells”: from cell classification to precision genomics

OLD VERSUS NEW

Mixture of
immune cells.

Cell identity
is lost.

BULK RNA SEQUENCING

Sequencing a mixture of seemingly identical cells
fails to capture the diversity of the immune cells
surrounding a tumour.

o Each dot represents the
o %o, molecular make-up of one cell.
° ® Cells with similar patterns of
gene expression cluster
.'. ® 0.0 together.

. . .... .. o B

al L
; y * M
o ,So
oS

SINGLE-CELL GENOMICS
Using single-cell genomics, biologists can capture
the molecular signature of all immune cells found
in and around the tumour.

Giladi et al. Nature (2017)



Taking advantage of single cell work- single cell CAGE

CAGE approach to map regulatory elements and map Predispositions to Diseases

‘ ° Multiple Diseases

Chromosome @

Hashimoto's j ‘
thyroiditis R Protein
Asthma
e

U =
NE

Systemic lupus
e?ythemato‘;us . Celiac disease Dysregulat|on
of expression

@ | QO

Rheumatoid Eczema
arthritis and psoriasis

Non-Coding Genetic Variants

Slide, Chung Chau Hon



The Focus : Cis-RBegulatory Elements (CRE) at SINGLE CELL

Non-Coding Elements
in Gene Regulation (promoters, enhancers)

Dysregulation
of expression  RNA

OO

Non-coding Gene
A A

Slide, Chung Chau Hon



We can now profile transcription and regulatory elements in single cells

5’end sc-RNA-Seq : Testing random and oligo-dT priming on 10X Genomics Chromium

(A ——————————————— )
1 O )\ ] sc-end5-rand (5'end, random 6-mers priming) :
GENOMICS R1 R2

5 RNA

: GGG e~ 73
: P1 BCUMITSO CC G~ o~ =mv =

: cDNA

random 6-mers

-----

....................................................................

sc-end5-dT (5’end, poly-dT priming)

Ri CRa 2 d chr12:20975224-20975562
5' H 1
r6rGrG T~~~ 3 g ' i
P1 BCUMITSO ccc~ ONA =TT T po-|y_d-|- g § 04 - -
..................................................................... : £ -1000 {
\_ J g ety |
. — , ) < _3000 -
Enhancers : Both random and oligo-dT priming detects eRNA in single cells l =
[ \ ‘e Strand
% Signal strand L I :
— +strand 3
— -strand : ¥ae
Signal in DMFB Signal in iPSC Enhancer active in 2 :
sc-end5-dT sc-end5-rand sc-end5-dT sc-end5-rand - =

2001 fj ﬁ\ ,{ f{ i f ffj Enhancer active COT + h

100 [If 5{ :\ in both cells o 200 0 200
§ 2.. Position relative to enhancer midpoint
o 3
= I}
£8 0] Enhancer active | & Enhancer RNAs at
.E°z 50 in DMFB only < . .
g= e | P v g single base resolution
< 150 E - 5 in single cells

100 Enhancer active b g

50- in iPSC only ®)

SE PSS RSP OSSO bioRyi From Kouno T., Moody J.,
Distance relative to enhancer center O X V Kwon AT’ et al. Nature

K [nt] Moody & Kouno et /2021 j Communications 2019




Technology: to identify regulatory elements in genome
Gene A

}- 3 Isoform 1
5'Seq

Different promoter usage upon 399

stimulation in different cells? h

Signal
EStimulation 5’-—- 3 Isoform 2

Cell type Control vs Stimulation

o «
© B_cell
@ cD14_monocyte
@ cD16_monocyte
@ Cytotoxic_CDST
@ Denditic_cell
S @ Mem_Reg_CD4T -
: Syt o L
_20 N | | @ nx I _20 N ” ® STIM
0 10 20 0 10 20
UMAP_1 UMAP_1

Yes CAGE works at single cell, can detect expression, promoters, enhancers, IncRNAs... Slide, Chung Chau Hon and Jonathan Moody



GWAS interpretation : Linking GWAS variants to candidate genes

We infer how genome sequence variants influence gene

expression, in health and diseases, in all human cells

Chung Chau Hon

Trait associated locus

<
0o,
OO Af

—C0—C3—

co-activity *
SNP

co-activity

Enhancer expression
in single cells

Promoter expression
in single cells

PTGER4 locus

Crohn's disease SNP (r2 20.5, scale=1)

I|||||I||||| il “I|||||I|III Jhn A IIII II |II| 1l |I I ||||||||| Il

chr5:40,349,192-40,804,356 (455.2kb)

tCREs of PTGER4

Co-activity among tC o-actnvnty score 2, sca e=1)
- —_\ e
tCREs ]
< <> wu IS | 4 ] > 4 P> < »
L] [ 0 < <
Sk R
Gene models (Entrez)
——) C— —
PTGER4 TTC33 PRKAA1
sc-ATAC-seq (45 UMI)
L Lk llll JLJJ[ g " [ Lo ‘qLJL l 1 l
sc-end5-dT (3,662 UMI)
Il
— +strand = —strand
Distal Proximal

tCRE of PTGER4

Gene models (Entrez)

sc-ATAC-seq (43 UMI)

il

4l Il

sc-end5-dT (50+ UMI)

o ..“*.n ,JLTT,AW.(L R ,]lu. .
1 — +strand = —strand

Gene models (Entrez)
PTGER4 e

sc-ATAC-seq (45 UMI)

unda ad

sc-end5-dT (1,000+ UMI)

— +strand = —strand
Distal tCREs Proximal tCRE
< 22 N 2 > M M >IN M > » >
< [J <4t e —
> >
182.9kb 1.5kb



Comprehensively linking gene expression to human genetics

» eQTL with much higher resolution at single cell level

» unbiased cell-type specific expression controlled by genomic elements

» easier to understand if a given genome variation is responsible for the
onset/progression of a disease

» eQTL needs ~100 individuals for each cell type to be profiled

SNPs in non-coding DNA can regulate
gene expression in health and diease

e
; R SNPs No RNA
Protein

Non-coding coding
Region of DNA

Genotype

Precise risk assessment
eQTL — of disease and

Courtesy of Jay W. Shin




Human Cell Atlas (HCA)

Comprehensive reference maps of all human cells at single cell level

wellcome tmst

institute
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» Single cell genomics
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imaging analysis

* Bioinformatics
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A periodic table of our
ells
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The 7t HCA General Meeting in Japan
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Coordination of HCA in Japan and in Asia (HCA executive office at RIKEN)



Back to the non-coding RNAs
(Is this a good name?)

CAGE to recount number of IncRNAs



Recounting IncRNAs

Genome  — L
RNA 2 |
CAGE g j o
reads > ' =
> o
P
RNA-seq | — g
reads 8
L
s ©
CAGE @ o
interpretation & 12}
z ©
o
P -
RNA-seq & 2
interpretation ¢ 5
(=8
g ©
P -
-]
Q
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©
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robust
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Versus GENCODEV25 IncBRNA Catalogue
(number of genes)

FANTOM CAT GENECODE

v25

19,668 7,228 7,790

with without
CAGE CAGE
support support

Hon et al., Nature 543, 199 (2017) |



Function:

Do we need experimental evidence?



FANTOMG: Functional IncRNA catalogue

Measuring transcriptional phenotypes Molecular phenotype induced by IncRNA KD

Principle Systematic pipeline

Large-scale
IncRNA perturbation

3 i10
2 i09
1
0

P . 07
X v \SG Lagsectls e T AR IR ||||||||£
mple Extraction i s R ] el
: i05 i
il i - s iliame Splicing
Bioinformatics LY % qPCR ... . B s L 2 al

i04
-2 03
_3 o2
i01

i00

I incucyte_rate  actyal_rlog_pval GSEA score for 339 KD vs 976 genese

io8

. Cell ID

A “"RANA
g Meta-data
"""" Visaalization

- RAW

krsk::}wﬁ

RNAP

incucyte_corr
c+0.5
c+0.4

—
- Large-scale g = ]
CAGE sequencing *  CAGE Production c+0.2 i =
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Characterization of the “new continent” of IncRNA:
- IncRNA functional

- Regulatory role among others

- Many genes with natural antisense RNAs

L — e “Protocol

Ramilowski et al. Genome Res. 30, 1060 (2020) Jay W. Shin, Michiel de Hoon, Jordan Ramilowski



Example: KD of ZNF213-AS1 impacts cell growth and migration
Wound healing assay for ASOs targeting ZNF213-AS1
35-73% impairment of wound-closure in fibroblasts lacked ZNF213-AS1

Negative Control
(NC_A)

Selected enriched biological pathways

>
o
Q
>
@
o
[\
>
@
©)
w

Extracellular structure organization
Extracellular matrix disassembly
Regulation of growth

Developmental growth

Growth

Regulation of epithelial cell proliferation
Positive regulation of cell proliferation
Cell motility

|_ |
Pval o1 005 0.10

-2-10
Normalized Enrichment Score
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|
—
(@]
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After thousands of experiments: many IncRNAs have function

Knockdown

285 IncRNAs

HDF

IncRNASs
cessful KD

68%

390 IncRNAs

iPSC
IncRNASs
cessful KD

48%
Slide courtesy of Jay Shin and Chi Wai Yip

Cell Phenotype
e

194 IncRNAs

rowth

ermissive
Growth

8%+27%

187 IncRNAs

rowth
ermissive
Growth

6%+12%

LQ-CAGE Transcriptomic Profiling

119 IncRNAs

Molecular
phenotype

Ramilowki JA, Yip CW.
Genome Research 2019

11%

123 IncRNAs
Stem Specific

Change
Molecular 5
phenotype ll-type Specific
Change
1% 5%+16%

Note: IncRNAs
may be
functional in
another cell
type or assay



How to collect information about IncRNAs,

faster?

Can we collect how and where IncRNAs
interact, their “interactome”?



RNA-DNA interactions affect epigenome and gene regulation

in cis
Local regulation
- DNA repair in trans
- Structure ) . .
RNAs - XIST, j I\Rllglr:?mteractlon
etc.
L AA
TN A~
~N e.g. HOTAIR

‘ Translation

e.g. Transcription
Factor

37% of IncRNAs chromatin-bound
What is the role of RNA-chromatin interaction in cis and in trans ?

- Activate genes? Promoter? Enhancer?
- Repress genes? Insulator?



RADICL-seq captures RNA-DNA interactions in intact crosslinked nuclei

mMESCs, crosslinked with Formaldehyde.

U_)\ | [ N N N N N N N N N \w

DNase digestion,chromatin D
preparation& Rnase H treatment RNA ligation DNA ligation

Re“actlonsf‘m the nuc‘l‘eus ) |

LI:II:II:II:II:I

Reversal of crosslinks Reverse transcription, EcoP15l Sequencing linkers ligation, Single reag 150bp,
second stand synthesis digestion biotin pull-down HiSeq2500

@JJ > mm— > = > m > ﬁ
T -

Other cell types that have been successfully tested with RADICL seq: miPSCs, mMEF, mOPC.

Typical seq. depth: 1 lane HiSeq2500/each replica.

Bonetti et al. Nature Communications 11, 1018 (2020)

[ -
Alessandro Bonetti &



Interactome analysis: mostly introns in cis; IncRNAs interact more often in trans

Bonetti et al. Nature Communications 11, 1018 (2020)
Translation

% .- 14K tranScrlpts
Degraded . RNA . W ..
““““ ‘_- "" "~...... ..‘ ',‘ ~\’:‘ .“ .
sz e - sl \s\ ~$_ X v _f v v
? D T T Tt MQJ ,‘
For each : ~8 M interactions " : INcRNA/CRNA
o : 1400 transcrlpts
Ce” type, based 0“‘..“‘5"‘“‘.:“.....‘¢ “““““ : :‘ “ hi‘--. ‘t
on iPS cells LAY 2 ~ . v £ vy
data X Ns_
A 3 4 4
enns® Hraaatians® ‘

m) RNA sequence and structure unknown, need full-length RNA seq



Different cell types with different interactions patterns of IncRNAs in trans

mMESCs_Neatl mMOPCs_Neatl

Chromosome 19 zoom in
Chromosome 19 zoom in

mouse embryonic stem cells mouse oligodendrocyte progenitor cells

Slide courtesy of Alessandro Bonetti Bonetti et al. Nature Communications 11, 1018 (2020)



Cell models and FANTOMG6 RADICL libraries (~15 cell types)

iPSC-Neuron series (2 reps each): iPS to neurons

iPS cell Neural stem cell Cortical neuron Kayoko
Feeder free Gibco PSC neural Peter Heutink's protocol Anika
WTC11 induction
w | / ;
= =
L (7
17 (7]
= =
Q. o
o o
= =
S ()
q 6 days 0 5 days N 5 days D 3 days 8 days
> > > > € v T >
StemFit 1 Neural Neural Neural N2/B27 medium N2/B27 medium
medium ' induction expansion | expansion 2uM DAPT 10puM DAPT
' medium medium medium Spg/ml Laminin 10ng/ml BDNF
' 10ng/ml GDNF
0 10ng/ml NT-.3.
induced Ngn2 0.5pg/ml Laminin
| iPSC NSC Neuron

iPSC-mNGN2 / NSC from iPSC-mNGN2 / Neuron from iPSC-mNGN2

Each rep 120~240 M(mapg10)

=== Cryopreserve

THP-1 series: THP-1 monocyte to macrophage

Monocyte Macrophage Takizawa
THP-1
RPMI - +PMA .
! (HEPES >
1 modification) +DMSO
: 10%FBS
0 50uM B-met
Ohr 24 hr

|

96 hr

THP-1 (DMSO, PMA 24h, 96h)
Each rep 80~120 M(mapqg10)

e N\ ) N\ N\ ( )
Pre F6 cell lines ENCODE cell lines T cell CD4+ AML samples
y o (naive and active(Th1)) from patients
g ‘ . .\/ Q (Beatrice Bodega lab) (acute myeloid
HDF -4 (2 donors each) leukemia)
iPSC (F6) (human MCF7 MCF10A K562 HCT116 (Andreas Lennartsson
(3 reps) 'dermal (breast cancer (mammary gland, (chronic myeloid (colorectal O lab) (2 donors)
Eachrep fibroblast) cell line) non-tumorigenic  leukemia (CML) carcinoma -
~200 M (2 reps) (2 reps) epithelial) (2 reps) cell line) (2 reps) cell line) Each rep \\./
Each rep Fach 2 ‘
(mapq10) 130 M S;O :\‘;p (2 reps) 22733 M Each rep ~15 M
(mapq10) . (mapq10) Each rep ~120 M(mapq10) ) (mapq10) (mapq10)
. J . J \\ J




In trans interactions increase along differentiation process;

IncRNAs and intronic RNAs have different targets

Type of interactions- initial Type of interactions in stimulation PMA 24 h Type of interactions in PMA 96 h

60%

88.4% 31.2%
NN
75% ‘ . R, 75%
R AN\ 8
[} 2] )
%50% % Interactions g 50% % Interactions g 50 Intera.ctlons
< Lo o4 cis 5 [ cis g cis
S . : M trans 5 N trans b M trans
& o, Q 0, o
p5, 11.6% . - 40% 25% 68.8%
11,6% trans 40% trans 68,8% trans
o] — | — 0% I
IHCRNA 3B |ntron 4
.
.0' '0 ‘. ., : ..
exon e o0 S

| G ® cocumllD) m oura Garoon

Aslihan Karabakack Calvielllo
Signals sent through RNAs from gene to other genesand regulatory elements? Rodrigo Pracana, HT



A new type of crosstalk: RNA - genome
in the nuclei

Further characterization of functions:
- structural?
- (epi)genome control?



SINEUPs

More unexpected function of IncRNAs and
repetitive elements

o COl disclosure

» [ am co-founder of Transine Therapeutics, a UK company that aims to develop
therapeutics based on the SINEUP technology discussed in the presentation.
https.//www.transinetx.com/



https://www.transinetx.com/

SINEUPs: an important example of antisense RNA function

AS Uch-I1 regulates endogenous UCH-L1 protein expression

Uch-I1 L-4 /| — commm
- AS Uch-I1 mRNA (original non-coding RNA)
u pCDNA3-AS Uch-I11 (CDNA in plasmid)

qRT-PCR

AS Uch-11 “

Empty vector

Western blotting

UCH-L1 —»

B-ACTIN —»

N
Q}(\Q“ ©

pcDNA3-AS Uch-I1

OY\,\\

X S
ec’\o %’P
o

KDa
— 34

— 26

Uch-I1 o I I

Empty vector  pcDNA3-AS Uch-I1

No changes at RNA level

Protein level:
dramatically enhanced!!

Carrieri et al, Nature 491, 454 (2012)



SINEUPs: an important example of antisense RNA function
AS Uch-I1 activity requires the inverted SINEB2

(Alu)

Uch-l1L - = / _ cms

4-_-1_;-

v
Inverted SINEB2

ﬂ AS Uch-11
<«

e -mmmmm  PCONA3-AS Uch-/1

—» mmmmmm PCDNA3-AS Uch-I11 D Alu
DAlu

_— mm PCDNA3-AS Uch-I1 D SINEB2

DSINEB2

flipSINEB2

REPEAT‘MASKER analysis of AS Uch-I1 sequence

UnnamedSequen
C B3#SINE/B2

UnnamedSequen
C B3#SINE/B2

UnnamedSequen
C B3#SINE/B2

UnnamedSequen

C B3#SINE/B2

765 GTGC--AGTGCTAGAGGAGGTCAGAAGAGGCCATTGGATCCCCCAGAACT 812
-1 iv v i ii ii
156 GTGCCTGGTGCCCGCGGAGGCCAGAAGAGGGCGTCGGATCCCCTGGAACT 107

813 GGAGTTATACGGTAACCTCGTGGTCCTTCTCAACCACCATGTGGATGGAT 862
[ I — i i i i =--
106 GGAGTTACA-===mmmmmmm GATGGTTGTGAGCCGCCATGTGGCTG-~~ 72

863 ATTGAGTTCCAAACACTGGTCCTGTGCAAGAGCATCCAGTGCTCTTAAGT 912
i iwii wvv v v v vi
71 ~-CTGGGAATCGAACCCGGGTCCTCTGGAAGAGCAGCCAGTCGCTCTTAACC 23
913 GCTGAGCCATCTCTTTAGCTCC 934
ii i
22 GCTGAGCCATCTCTCCAGCCCC 1

pcDNAS-AS Uch-I1 flipSINEB2

QACTI N

Carrieri et al, Nature 491, 454 (2012)



SINEUPs

Antisense IncRNAs for therapy



Using SINEUPs (antisense INncCRNAS)

SINEUP
Target mMRNA

Effector Domain (ED) } Binding Domain (BD) A
v Having function to enhance protein v' Complementary sequence to a
translation region of target mMRNA
v" Can be synthesized for any target
\_ mRNAs )

» Customizable design for any proteins
» Up-regulates protein synthesis 2-5 folds (physiological range)
» Acts on endogenous mRNA and exogenous targets




SINEUPs: in vivo model of human diseases in Medaka

Microphtalmia with Linear Skin Lesions (MLS)

SINEUP-Cox7B Cox7B mRNA
aTrR—

SINEUP-Cox7B

@

%&ﬁ Cox7B proteins t

cox7B-MO +
control-MO cox7B-MO SINEUP

Embryo:  WT MLS MLS + SINEUP o
Indrieri A. et al.,

Eye: Normal Diseased Rescued Scientific Reports, 2016
~50%



SINEUPs Therapeutics — haploinsufficiencies & others

At least 300 haploinsufficiency genes known
°
target

(Dang et al., European Journal of Human Genetics, DOI: 10.1038/ejhg.2008.111, 2008)

SINEUP-Target

)

lack of a copy of a gene
cause diseases

Healthy Haploinsufficiencies Therapeutic SINEUPs

Or conditions that require more protein



Regulating genome activity

= Many IncRNAs have regulatory +
structural role, sometimes other
functions.

= Large scale ahead

We always need novel
technologies to answer new
guestions in gene regulation

= Including computational approaches
to measure large networks

Common diseases are caused by small
unbalances of gene regulation for long
time. IncRNA are the new frontier for
drug development.

Protein coding
targeting, well known

lon-coding
" genome,

- essential

Future opportunities in gene regulation



https://humantechnopole.it/en/
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Piero Carninci

Genomics Research Center,
Human Technopole, Milan,
Italy

RIKEN IMS, Yokohama

Creating bridges between
Japanese and ltalian science &

New positions and chances
to collaborate
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The proportion of noncoding DNA broadly increases with

developmental complexity

[l vertebrates
B vertebrates [] urochordate |

[ ] ciona (urochordate)

0.75 +— . Invertebrates
. Plants .Plants

.Invertebrates

] Complex fungi (Neurospora) 0
C lex f i
| Simple eukaryotes (yeasts, plasmodium, Dictyostelium) ompiex fungl

| Prokaryotes

05

. Simple eukaryotes

ncDNA/tgDNA value

0.25
. Prokaryotes

0

Irrespective of the extent of non-coding sequences, it is now
evident that the vast majority of the genomes of all organisms
is transcribed in a dynamic manner in different cells and tissues
at different developmental stages.

J.S. Mattick Nature Reviews Genetics 5, 316-323 (2004)
R.J. Taft, M. Pheasant and J.S. Mattick, Bioessays 29, 288-299 (2007)




A cA1 B (o3

= /_\.
CA3 - . Q ;

J0 gEre F730043M19Rik 2610017109Rik (opposite Pou3f3) - Fo A930009E05Rik A130014H13Rik Mm.119462

1,328 ncRNAs examined:

30014H13Rik Mm.119462

849 found to be expressed in brain

60 ubiquitous
623 highly cell- or region-specific

B30036E02RIk = = 5 30403M0aRIK |

no gene

E860036F18Rik : 5830403M04Rik

AK082312
2900097C17Rik A730030A06 4931432F15Rik (opposite Cbin1) AK018238



Subcellular localization of ncRNAs

twin fo’ci tﬁ%_mﬁﬁlgle foci
. AR é

-, caa7694 | “AK019414

Subcellular localisation of long ncRNAs in Purkinje cells
Subcellular localization ~ putative function




2498 Research Article

The mRNA-like noncoding RNA Gomafu constitutes a
novel nuclear domain in a subset of neurons

Masamitsu Sone!23, Tetsutaro Hayashi2, Hiroshi Tarui?, Kiyokazu Agata?, Masatoshi Takeichi2? and

Shinichi Nakagawa'?*

'Nakagawa Initiative Research Unit, RIKEN, 2-1 Hirosawa, Wako 351-0198, Japan

2RIKEN Center for Developmental Bidlogy, 2-2-3 Minatcjima Minamimachi, Chuo-ku, Kobe 650-0047, dapan

3Department of Cell and Developmental Biology, Graduate School of Biostudias, Kyoto University, Kitashirakawa, Sakyo-ku, Kyoto 606-8502,
Japan

*Author for correspondencs (s-mall: nakagawas @ riken.p)

Accepted 21 Msy 2007
Journs! of Cell Science 120, 2492-2506 Pubis had by The Company of Biblogists 2007

aDi:10.12427s. 009257

Gomafu/ DNA



Cell-type-specific IncRNAs implicated in GWAS traits

'_W_l_. Neuropathy and behaviour
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Many IncRNAs with potential function

Co-expression of IncRNA-mRNA

pairs linked by eQTL
all IncRNA genes

eQTL SNP i n=27,919
f mRNA - pmmmm———
of m : conserved ‘,— 8,744 ~~\ conserved

H ; i 04 .
. n=28,072 pairs TIR R4 s, €xon

- = n=13,228 4 %, n=13,896
: i W w o\
: : P - 3 1
expression ; : o w :
correlation ] ]
[ ]
. ]
1,829 FANTOMS5 samples \ !

implicated s, J implicated
Spearman’s rho = 0.65 ineQTL L/ in GWAS traits

n=3,166 ‘~~i3_8____4_°_9_,/ n=1,970
- |dentified 19,175 potentially
functional IncRNASs in human

5

expression of mRNA
TYW1, log, cpm

expression of IncRNA
LINC00174, log, cpm Hon et al., Nature 543, 199 (2017)



Considerations: localization of IncRNAs

And functional interactions

Euchromatin

Heterochromatin
(ina

);’v

)

RNA

{
»

.cytoplasmic (1 08).chromatin bound (98) .nuclear soluble (76)

> 64% in the nucleus - 37% in chromatin-bound
- 27% in the nuclear soluble fraction
» 36% in the cytoplasm

72



Analyzing tCREs : Gene expression + enhancer activity in one assay

SCAFE : Software to define, quantify and link tCREs from 10x 5'data

Make the most of your 10x 5'data.....for FREE! End-to-end solution for 10x 5'data
4 )

SCAFE (Single Cell Analysis of Five-prime Ends)

Cell-barcode UMI Cellranger count
read (mapping & counting)
(*.bam)
Individual sample Pooling multiple samples
v

bam_to_ctss R‘e:“: Sﬁ‘e?d
(extract cDNA 5'end) R ... pool
nucleotide H (pool ctss across samples)
(*.ctss.bed) .
Read 5’end
, : led from
remove_strand_invader Read 5'end : po:‘umma
(remove strand invaders) with strand ~ g-+--+F
invasion oo 2 S
(*.ctss.bed)

information
----- ® (“.ctss.bed)

vV

Legends Paraclu cluster _ Raw TSS clusters
(clustering) (define TSS clusters) ‘with minimum count cutoffs
*.bed
[Oscaretools i lo—) (e y \}_
D Extemal tools he
Caret filter Genuine TSS clusters
regression with logistic probability cutoffs
[ ScarE data (reg ) (fiter TSS clusters) Al
[ extemal data ; —

Annotated tCREs
@—> SCAFE output with genomic annotations
] (*.bed, *.tsv)
@®-» SCAEF input : -‘—,
2
@ Extemal data flow o TR
"""""""""""" > | (count UMI within tCRES) (CRE UM[?Ount per cell
<> SCAEF data exchange Cleg
e . —
© scare individial workfiow y
{CRE interactions/networks

Cicero L] link besed ctivity
et I -activi ased on co-activi
o SCAFE pool workflow (co-activity) (link tCREs by co-activity) (*bed, “1sv)

https://github.com/chung-lab/scafe \ —_—

Slide courtesy of Chung Chau Hon


https://github.com/chung-lab/scafe

Progress in HCA

HUMAN CELL ATLAS . T . .
0‘ DATA PORTAL Explore  Guides Metadata Pipelines  Analysis Tools  Contribute APIs

Mapping the Human Body
at the Cellular Level

Community generated, multi-omic,
open data processed by uniform pipelines

& 2M R 23K

e.d. Brain: 172 Donors, 466 specimens, 9.9M Estimated cells

179 Do 324

PROJECTS LABS

0«0

Blood: 664 Donors, 2.5k specimens, 2.2M Estimated cells
Immune: 9 Donors, 69 specimens, 274.2k Estimated cells

As of December 1, 2021, https://data.humancellatlas.org



