Révolutions et évolutions en
Génétique au 21m¢ siecle

Alexandra Henrion-Caude — Institut Imagine, Inserm, Paris, France




-

B\t s life? |

SAME ATOMS

a

HEREDITY &
FUNCTIONS

John Brown +

+ ~GENOME
| +
gc;);oking habitsﬁ?;.

Tom Liz




Qui sommes-nous ?

Des atomes, comme les cailloux...
Une conscience... d'avoir eu un(e) grand-p(m)ere

Un génome qui n'a de cesse d'évoluer (genes
sauteurs, mutations/remaniements de novo,
information épigénétique)

Une histoire imprégnée dans nos molécules (in

utero, partenaire, saut de génération,
microchimérisme...): DOHaD

Developmental Origin of Health and Disease




Genetics: 2 Young Science in Evolution

Heredity is transmitted in discrete units (Gregor Mendel, 1865)
A physical unit - Living elementary particle (Weisman-de Vries, 1880)
A measurement unit - Unit for calculation (Johannsen,1905)

A physical location - A locus on a chromosome (Morgan,1915/Mc Clintock)
The gene : considered as « nominal »

A segment of DNA:
@ T1tbreakthrough: Schrodinger (program) / Avery (heredity). (€%
=> A geneticinformation (1944).
@  2M breakthrough: Description of DNA structure (Watson&Crick,1953). (€% %

=> A functional segment of DNA?
bearing some discontinuity in the coding part: the introns (Sharp & Robert 1977). &7 &7
The gene : Open Reading Frame to keep up with the prediction era




Societal Perception on (GGenetics

23andMe Adaptation Admixture
Agriculture Anthropology
Archaeogenetics Behavior Genetics
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_ Along mY genome. ‘
» a sense of power.., o, "
phylogenetics Politics Population Genetics

psychology Race Religion Science select
Post Technology

- Greek closest equivalent for “inherited diseases” was “family diseases"”

- Greek etymology of “genetics”: “genesis”, birth, or “genos’, origin.
- Latin etymology of “heredity” : "hereditas, i.e what you receive after your parents'death.
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Une connaissance parallelement a des
progres techniques/technologiques

Séquencage du tout génome
Tests génétiques
Manipulations génétiques



Le livre vivant des genome(s)

60 genomes sequences

Le votre ~3Mb (3 300 000 000 pb) poy™.dosg’

Avec une immense variation interindividuelle :
toutes les 1000 bases versus le genome de
référence.

Effort considérable pour assigner une fonction.




1 it

‘ Le génomevhumain: une pochette-surprise
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[’essor des tests génétiques d’ADN nucléaire

Tests génétiques en vente libre aux Etats-Unis, au
Canada et dans certains pays européens

Psychomédia | Publié le 26 octobre 2015

Deux ans apres avoir été forcée par la Food and Drug
Administration (FDA), 'agence américaine des

meédicaments, a cesser la commercialisation de kits

d’analyse d’ADN déterminant des risques de maladies, la
société 23andMe vient d'obtenir I'autorisation de vendre de
nouveaux tests génétiques au public. .

5655\0

Pour l'instant, indique le site internet de 23andm~
nouveAux Kits offrent de l'information sur pl* .
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Manipulations génétiques: fines et tacilitées

CAS9 Genome Editing

Matching genomic

Targeted genome editing ‘
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Progres techniques/technologiques

1970's: la taille de I'ADN est trop important pour que I'on puisse un jour modifier le
génome humain (Jacques Monod)...

1975: premiéres manipulations génétiques (Asilomar) => Re: 2015.

1990: séquencage du génome humain impossible (dixit un consensus de
généticiens...)

2003: le génome humain est séquencé

Prix du séquencage passe de 3 milliards a 1000 $

2014: lllumina classée I'entreprise « la plus intelligente » par le MIT

Investissements concentrés sur la santé numérique: Big Data et la science analytique.

Qui en sourit?

Sept, 2013




Du réel au virtuel

Danger du fossé d'une technique qui dépasse la connaissance

La connaissance que nous acquérons de ce que nous
sommes augmente nos responsabilités.

Nécessité d'exercer ces responsabilités intelligemment.

De nouvelles responsabilités génératrices d'angoisse
comme si nous comprenions le souci de I'application de ces

techniques sans en connaitre les conséquences sur...
I'Humanité.




‘ Et pourtant, selon notre connaissance

Genetics Epigenetics

SNPs
Mutations

Phénotype=f(Génétique,

Environnement, Epigénétique

Environment = macro+micro

From Dwiveds et al, Kidney International 2011



[’apport de la compréhension systémique

The Secret of the Universe
autobiography I, Asimov: A Memoir

«l believe that scientific knowledge has fractal properties; that no matter
how minch we learn; whatever is left, however small it may seem, is
Just as infinitely complex: as the whole was to start with. That, 1
think, is the secret of the Untverse.»



Quel bénétice patient par rapport aux

promesses de Watson? . -
Qui est propriétaire des

données sur sa santé?
Chacun?! Non!

L’Islande a vendu les données
genetiques de sa population.

What is Watson?
Scierice Behind
An Answer

Data behind an answ€&

Qui re-traitera périodiguement
I'information?

Qui informera la patient? Quand?

Quelle capacité de stockage? Qui paiera?
Quel colt sur I'environnement?



Unicellular > colony
Limited differentiation

Taille 0. 7énome
Nombre de ~i.:romosomes
NombrZ uc.génes

xxxxxxxxxxxxx

~10'4 distinct cells
(precise architecture
and specific function)



No correlation with the size of the nuclear genome

Mitochondrial genome Nuclear genome

Saccharomyces cerevisiae 85,779 bp 1.2 x 107 bp

Homo sapiens 16,554 bp 2.9 x 10° bp
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clé innovante de ’évolution
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Les limites de notre compréhension:

PADN copié en ARN...

—

-~
" — ]

Deoxyribonucleic acid
(DNA)

Nucleobases

Base pairs

Helix of
sugar-phosphates

- Adenine

Cyrosine

=

Ribonucleic acid
(RNA)




RNA-DNA sequence ditferences (RDDs)

RNA editing (1986)

d C>U, APOBEC

apolipoprotein B mRNA editing enzymes

Q A>l (G), ADAR

adenosine deaminases

Wangqg et al, Cell Rep 2014 —»




a) UCSC Human Genome Browser display: b) fold:

Base Posiion.  se2115a0 | esziises | eszneae | es2niges | sswwo-noTI r%n:‘wnos | asm??n | e9z12015 | i
«—|AGAGGAAGAAARAC GAGGGATTTTGC 3 TCT TATTTTCTTICICC T T
JCSC 05) Based on UniProl, RefSeq, and GenBank mANA .T-)'\.
clions of ANA Secordary Struciure (=G
1582652_0_- 2.64 (¢ (| . ({0t 0 o s XX 2222y )yr)2yyyryy TmG
Human mRNAS from GenBank .
AFO4E024 (mG
AKOO2159 [mA
ALI1 7566 PRSPPI . -t , (mG
CRGoe7 20 I I L I T T s s st TmA
CR598743 -
hppiidl D 00 D D )i 9P )i i D933 D )N 39 )i 30 )d 3 b _—
BC022853 G o JTmA— 1{G)
CR533537 A G -
Hu/ChimpMcbse/Rat Dog/Chick/Fugu/Zish Mulliz Algnments & Conservation TmA
Tem A
Conservason TmA
TmA
Gaps Cm(
human A GAGG AAGAAAAGIAWGAGGGATTTTCTCTCT TATTTTCTTCCOC TmA
chmp A GAGG AAGAAANAGIAWGAGG GATTTTCTCTCTTATTTTCTTCCOC . . )
dog AGAGGAAGAAAAGIAAGAGGGAT|ITTTCTCTCT TATTTTCTTICcc TmA C)Amino acid change:
mouse A GA GG AAGAAAAGIAANGAGGGAT|ITTTCTCTCECTTATTTTCTTCCC
e AGAGGAAGAAAAGIARGAGGGAT|TTTGTCTET TATTTTCTTCcCc e <=0 AAG ADAR _ AGG
chickean GG AGGAAGAAAAGIAWGAGGGATITCTCTCTCTTATTTTCTYTCCC CmG LYS ? ARG
fugu AGCGGAAGAAAAGIARGAGGGACCTTGTTCTTT 5 3
zebratisn A GA GG AAGAAAAGIAMGAGGGATITTTCTCTCTTATTTTCT cCcC

Figure 4. Candidate Substrate for A-to-l Editing

(A) Gene structure, EvoFold predictions, cDNAs, conservation, and eight-way alignment are shown at the start of the second exon of the UBE1C gene.
The predicted hairpin is shown in parenthesis format and can be seen to overlap the intron-exon boundary. The red box highlights a position where
the genomic sequence contains an A and a cDNA contains a G. The orange bar and label “*4" indicate that up to four extra bases are present in this loop
location in the indicated species.

(B) Depiction of hairpin (see Figure 3B for color legend) with indication of the potential site of ADAR editing (A-to-]).

http:/7/
cs273a.stanford.edu
[Bejerano Falll0/11] 23



Pendant ce temps, une nouvelle réalité clinique

Et si le Petit Prince se rendait a I'h6pital:

« Bonjour. Pourquoi viens-tu de séquencer les exons?
- C’est la consigne, répondit le généticien.

- Qu’est-ce « la consigne »?
- C’est de séquencer les exons des genes.
Et il séquenca un autre individu. s

- Les exons des génes...! Mais... C'est q




‘ Open to debate - What is a gene?

LATELY

CURRENTLY

and TODAY ??

Dogma

r?.a%n

DNA

G\ GTCAA -
tra_nscmptlon

”“3:‘13

AUG\GG\U C AA
ltranslat jon.

: : R
(Molecular Biology ) @\n expanding family

WITH
1 protein-coding only

rRNA

snoRNA KnoOWnN
snRNA for

rRNA | decades
tRNA
mRNA

PiRNA
siRNA
miRNAE
(Fire-Mello)
IncRN Af;;f;*

recently
discovered

7

Tom Gingeras, ENCODE

There’s no such thing as a gene...
Every base of the genome is
transcribed in both directions, sense
and antisense...
HAVE to count genes:

But, if you really

Harrow et al 2012, Genome Research

y




S’il te plait...
dessine-moi un “gene”




Le génome: un millefeuille transcriptomique
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‘ La ditficulte de délimiter un gene

¥ A= \.‘:‘\:

ADN génomique
nucléaire

ADNc

ESTs

| |

Preuve de I'existence d’une unité transcriptionnelle Preuve de I’existence d’une autre
(partage d’exons en commun) unité transcriptionnelle

\ I
|

Activité transcriptionnelle considérée par approximation erronée comme émanant d’un seul géne




apport des ESTS

..... . j » .. " .
Methods

GenBank human mRNAs were aligned against the genome using the blat program. When a single mRNA aligned in multiple places. the
alignment having the highest base identity was found. Only alignments having a base identity level within 0.5% of the best and at least
96% base identity with the genomic sequence were kept.

Human mRNAs from GenBank

Bc148320I ,,,,,,,,,,,,, L ————————— —— l
AY038071 ............. * ............... _ .......

Human ESTs Including Unspliced
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L
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C8067460 BQ100675
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080456

BF 196892
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AVT718075
C14187
CK825771

BQO04351 i
CAT7591 u

BQ286187
CBOEB566 -
BQ263551



‘Annotation fonctionnelle en ébullition
2013 ENCODE stats + add-ons

Total No of Genes 27281
Protein-coding genes 20330
Introns >100,000

" [Long non-coding RNA genes 13333
Small non-coding RNA genes 9078

~ Pseudogenes 14154

Mobile elements >1,100,000
3 GENCODE
$iFANTOM o YORNOROY

Encode-July 10, 2013
Version 17 (February 2013 freeze, GRCh37)-Ensembl 72



‘L arbre florissant des ARN

Henrion Caude-5/12/13



DES COURTE W

mMiRNAs
Target recognition

AMA%/-////TWWA

l Post-transcriptional gene regulation l
Target degradation Translational repression
Cytoplasm
/-\
L hw

piRNAs AV AL

|

!

/¢j~ A/{. — Transcript degradation

Silencing of transposon loci
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MIiRNA* | miRNA

Mature miR
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MiRNA*

RNA
interference
(RNAJ)




-1- Intracellular miRNAs:

Compartmentalization of Ago2 and miRNAs

cytosol nucleus

Il

Vesicles and

’ endosomes

P-bodies

stress
granules

Assembly of RISC at the level of :
-the nucleus (Hwang, 2007; Liao, 2010; Park 2011; Jeffries 2011)
-microvesicles and endosomes (Valadi, 2007; Hunter, 2008; Gibbings 2009)




-2- Extra-cellular miRNAs:
Complex with Ago1-2, HDL

* Discovery of circulating nucleic acids (Mendel and Metais, 1948)

* miRNA in blood, serum, urine, saliva, tears, breast milk, CSF (2008)
» Correlations with human disease, e.g T1D (40 miRNAs dont 2 tissulaires)
* Usefulness as biomarkers and as therapeutics

Circulating microRNAs as novel biomarkers

for diabetes mellitus

Claudiane Guay.and Romano Regazzi

Guay and Regazzi, Nat Rev Endoc 2013

Drosha

‘ @ @
N\ : Exportin-5
pri-miRNA

RISC

@
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mRNA target miRNA
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-3- Exogenous miRNAs:
cellular activity / intercellular communication

 Exogenous RNA taken up from the environment:
- from fungi, bacteria, viruses
- from food: detection of the plant miR-168 in human circulation
(Zhang, 2012)

* The field is just beginning to be explored, and is so far limited by the approaches

for quantification Exogenous plant MIR168a specifically targets mammalian

Effective detection and quantification of dietetically absorbed plant microRNAs in
Liang et al, J Nutr Biochem 2015 human p]asma Zhang et al, Cell Research 2012

Hongwei Liang’, Suyang Zhang', Zheng Fu!, Yanbo Wang, Nan Wang. Yanging Liu, Chihao Zhao, Jinhui Wu, ',
Y1q1ao Hu Junfeng Zhang Xi Chen™, Ke Zen Chen-Yu Zhang* ',
, l * ) ) s hang’,

Jtrit

Transfe
of dietaoricinAL RESEARCH

conceIJAssessmg the survival of exogenous plant microRNA in
Mw&r and Hirschl, BioEssays 2014

Negative result:

and regulate geGaoFeng Liang'-?, YanLiang Zhu', Bo Sun', YouHua Shao', AiHua Jing?, JunHua Wang' &
ZhongDang Xiao'

Kenneth W. Wm"State Key Laboratory of Bioelectronics, School of Biological Science and Medical Engineering, Southeast University, Nanjing 210096, China

*School of Medical Technology and Engineering, Henan University of Science and Technology, Luo Yang 471003, Henan, China




DES LONGS

/ — Principaux mécanismes d’action
.L L 5 i

g Epigenetics l l
Chromatin remodeling :

Precursor for small

' non-coding RNA
\\ 9 Interaction RNA/RNA antisense e 3. Interaction with proteins /
N Mo

i 1 |

Specify target, activate or inhibit function Decoy target or “sponge” for miRNAs Scaffold for protein complex or cellular subdomain
of proteins

m
AR

microRNA Target mRNA repressed

| O

A N\NNN\NNNN
mRNA repression relieved
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DES RONDS

Circular RNAs Are the Predominant Transcript Isof
from Hundreds of Human Genes in Diverse Cell Types

B ss
> 3 'ss | ' 2
< 5'ss oo 5 4 : =
ss > 5% 4 5
— __ lSpIIIg
. I i
splicin
Nucleus plicing Back splice Regular intro B
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Rapid degradation ciRNAs
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Exported to cytoplasm

Modulate Pol Il

e vaiy microRNA | transcri ption

sponges ::::f

Human fibroblasts: 25,000 unique circular RNA species that arise from 14.4%
of expressed genes.

Salzman et al. PLoS ONE, 2012



|\X/hen it comes to RNA, assume nothing

canonical splicing circle splicing
canonical transcription start internal transcription start
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Circular RNAs Are the Predominant Transcript Isoform
from Hundreds of Human Genes in Diverse Cell Types

Julia Salzman'®, Charles Gawad'?>, Peter Lincoln Wang', Norman Lacayo?, Patrick O. Brown'** .
1 Department of Blochemistry, Stanford University School of Medicine, Stanford, California, United States of America, 2 Howard Hughes Medical Institute, Stanford
University Scheol of Medicine, Stanford, California, United States of America, 3 Department of Pediatric Hematology/Oncology, Stanford Unlversity ScBT{loéM(ﬂﬁn/T.

HenriorStaaford.-Califorhda, United States of America alzman et al- 0S 2)



Rybak-Wolf et al., 2015, Molecular Cell 58, 1-16
June 4, 2015

Molecular Cell

Circular RNAs in the Mammalian Brain Are Highly
Abundant, Conserved, and Dynamically Expressed

Graphical Abstract

A catalog of neuronal circular RNA

neuronal differentiation Synaptoneurosomes

Authors

Agnieszka Rybak-Wolf,
Christin Stottmeister, ...,
Sebastian Kadener, Nikolaus Rajewsky

AN O circRNA
W l Correspondence
human & B — ——— rajewsky@mdc-berlin.de
Izo RNA-seq : tey ENICODIE libraries
s computational analysis .
= ‘ In Brief
mouse - ' 1 : :
Nt —T Ty Rybak-Wolf et al. combined computation
conserved and experiment to compile a catalog of
expression & sequence circRNA expression in the brain.
T R 2 A rrnaal circRNAs are highly enriched in the

mammalian brain, with specific and
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Adding technical and methodological complexities

Intergenic transcription

Intragenic transcription

1

i 1
Non-coding repeat RNA W

——p sNRNA T

—
Sense transcripts —p PALR —— sNoRNA
(=N —P lincRNA —p PASR Non-coding
sdRNA —» eRNA B HRNA ———p Non-coding repeat RNA repeat RNA
— endo-siRNA > miRNA spliRNA
— PIRNA
<nRNA Alt?ernatlvely
spliced
snoRNA mRNA
variants
|_>|—} miRNA "
5¢ X C >3
Enhancer Promoter
3 .J —% >
endo-siRNA endo-siRNA €——
PIRNA
_ HRNA €——
lincRNA NAT NAT
endo-siRNA 4—— TASR ‘_
Non-coding <— Antisense transcripts
repeat RNA < — —

Salta and De Trooper, Lancet Neurol 2012




Une autre réalité pour les GWAS

1,200 GWAS ont identifié prés de 6 500 SNPs de maladies ou de
prédisposition a un trait.

Seulement 7% de ces SNPs sont localisés dans des régions de genes
codant pour des protéines. Les 93% restant sont dans des régions...
non-codantes. ~

Pennisi-Science 2011

A g ' :
2 out nest que Kgmar et al-Semin Immunol 2012
codant, que codait, Hindorff et al, PNAS 2009
que codant ...




Rationnel non justifié

ADN génomique

Variation associée
P significative

Géne codant pour

nucléaire

Ignorance de tout autre candidat

Rationnel justifié —

Prise en compte des ncARNs

ADN génomique

Variation associée
P significative

protéine

Devient géne candidat

Ge odant

nucléaire

Géne ncARN

Devient géne candidat

poMr protéine

Cesse d’étre géene candidat



Maladies rares: source de variation fonctionnelle

MiRi Fis GENAT]_AS Candid_ate disease
UL L ! bV veRsiTe PARIS DESCARTES & microRNAs

Therapeutic
Strategies (patents)

miRNA candidate ‘ i|us|-er }

|

Pre-miRNA long
ncRNA

Progressive non syndromic hearing loss
Mencia et al, Nature 2009

miR17-92 in a developmental anomaly:
Feingold syndrome
de Pontual et al, Nat Genet 2011

Familial keratocone with cataract
Hughes et al, AJIHG 2011

Infantile anorexia (Ravine syndrome)
Cartault et al, PNAS 2012

mature l

MIRNA miRNA modifier
gene
I-* hqplotype}

MRNA Transcript

Crohn’s disease
Brest et al, Science 2011

Sites cibles

Regulation of frataxin haplotype
via miRNA in Friedreich ataxia
Bandiera et al, PLoS One 2013
EU Patent -Henrion-Caude, 2013




Séhetics LETTERS

Germline deletion of the miR-17~92 cluster causes
skeletal and growth defects in humans

Loic de Pontuall-2:10, Evelyn Yao?-19, Patrick Callier?, Laurence Faivre?, Valérie Drouin?®, Sandra Carioul,

Arie Van Haeringen®, David Geneviéve”?, Alice Goldenberg’, Myriam Oufadem!, Sylvi- nouvrier®,

Arnold Munnich!-?, Joana Alves Vidigal®, Michel Vekemans!, Stanislas Lyonnet!-® O -a Henrion-Caudel,
Andrea Ventura®!? & Jeanne Amiel-%-10

OncomiR-1

o
81.91 :—:: 92,08
[ |

| J |

oot DevmiR

miR-17~92%+

de Pontual et al, Nat Genet 2011




Mutation in a primate-conserved retrotransposon
reveals a noncoding RNA as a mediator
of infantile encephalopathy

—~® Francois Cartault®?-7, patrick Munier®, Edgar Benko®, Isabelle Desguerre®, Sylvain Hanein®, Nathalie Boddaert®,
Simonetta Bandiera®, Jeanine Vellayoudom?, Pascale Krejbich-Trotot!, Marc Bintner?, Jean-Jacques Hoarauf,

e pnuriel Girard®, Emmanuelle Génin", Pascale de Lonlay®, Alain Fourmaintraux®/, Magali Naville!, Diana Rodriguez®,
Josué Feingold®, Michel Renouil’, Arnold Munnich®-!, Eric Westhof™, Michael Fihling<?, Stanislas Lyonnet®'-2,

and Alexandra Henrion-Caude®-’
PF HY LSX MB MY OLF P P STAd STRv TH

w— 0

.aflll

4 B R B
Expression Level

"\_RAVINE des CABRIS
- ‘.. |
A

Cartault et al, PNAS 2012




‘Sans oublier notre autre génome

Mitochondrion -
.100s to 1000s
7 per cell
Diploid,
somatic cell
[ Nuclear genome mitDNA

* 3200 Mbp (haploid * 16569 bp

genome size) * 2-10 copies per
» 2 copies per diploid cell mitochondrion, 1000s of
« 46 linear molecules copies per cell

(chromosomes) per diploid cell | | * Circular molecule
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Taft and Mattick, Bioessays 2007

Issued from Burger et al, 2003, Trends in Genetics

Courtesy rrom M Ricchetll, Institut Pasteur




Mt genome architecture

444

Tetrahymena mtDNA

O p—3

Human mtDNA <oEne»>

o0 <Y
lwl Spizellomyces mtDNA  Amoebidium mtDNA

TRENDS in Genstics

from Burger et al, 2003, Trends in Genetics 19







Tratfick of non-coding RNA was known

 N\._Mitochondrion

» - \ o~

* 55 rRNA

*RNA moieties
of RNase MRP
» : and RNase P
l. hitochondrial ,
| ) *2 cytosolic
Non-coding tRNAG
RNAs

(Topper and Clayton, 1990; Entelis et al, 2001, Puranam and Attardi, 2001, Rubio et al,
2008)



Mitochondrion: emitter of small AND long ncRNAs

D-0op 1195

MNON-COtNg
114%]

Rackham et al, RNA 2011




‘Mitochondrial regulation via microRINA

| Pyruvate dehydrogenase

ROS ——>HiF 1t l J-
Citrate synthase 2 ) Roonicae <- Rl l,
Oxaloacetate '.S'CU m B
0; ," : : ‘
- J. ; \ Amé,, ) complex | PR complex Il M)mﬂu lltmm complexvm
te dehydrogenase 1 00040 O0ANY
. complex IV

Krebs cycle “"’""""‘“* ]'
Fumarase Isocitrate dehydrogenase
1~ utarate utamate '
o tate :
i iscu— (min210)
Succinic dehydrogenase m —l SLC25A3
/,\

Bienertova-Vasku, Cancer Lett, 2013
T %

m\,\l

B(L 2

Succinyl-CoA synthetase

&
§ ? ) ()

.— ANTI'OXIDA

i 0 D

MiR-145
miR-23b*
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Mitochondria, P-bodies and RN A1

lysosome

autophagosome

and P-bodies...

* 44% of the P-bodies were associated with
mitochondria (time 0).

* 81% of the P-bodies contacted a mitochondrion at
least once during the 3-min movie.

* 54.5% of the contacts lasted more than 12 s, and
8.5% more than 3 min.

HUVEC wide field

Huang, JBC, 2011



Functional evidences of mitomiRs

miR-1 in myogenesis
miR-181c in heart

Translational repression Translational activation
Nuclear miRNA Regulates the Mitochondrial Genome in CYTOPLASM @

the Heart
P

Samarjit Das, Marcella Ferlito, Oliver A. Kent, Karen Fox-Talbot, Richard Wang, Delong Liu,
Nalini Raghavachari, Yangin Yang, Sarah J. Wheelan, Elizabeth Murphy, Charles Steenbergen

Das et al, Circ Res 2012

\/ V U/

miR-181c Regulates the Mitochondrial Genome, Bioenergetics, and
Propensity for Heart Failure In Vivo

Samarjit Das, Djahida Bedja, Nathaniel Campbell, Brittany Dunkerly, Venugopal Chenna, Anirban Maitra,
Charles Steenbergen [E]

_ _ _ _ AGO2
miR-378 in diabetic heart FXR1 ATPG\
Circ Cardiovasc Genet. 2015 Sep 16. pii: CIRCGENETICS.115.001067. [Epub ahead of print] i ‘

Translational Regulation of the Mitochondrial Genome Following Redistribution of Mitochondrial MicroRNA
(MitomiR) in the Diabetic Heart. miR-378



Mitochondrial regulation via /neRIN.A

HIF1A-AS1 Apoptosis inhibitor Wang et al. Mo/ Cell Biochem 2015
(antisense HIF1A)

HOTAIR Mitochondrial homeostasis Zheng et al. Mol Cell Proteom 2015
(antisense HOXC) in cancer cells
CARL Inhibits anoxia-induced fission ~ Wang et al. Nat Commun 2014
(Cardiac Apoptosis-Related  (via PHB2)
IncRNA) Apoptosis inhibitor

Sponges miR-539
MDRL Mitochondrial network Wang et al. PLoS Genet2014

(Mitochondrial Dynamic Sponges mir-361 &
Related IncRNA) promotes processing of miR-484



Map of long noncoding RNAs (IncRNAs) on the

human mitochondrial genome

iz g
« tRNAPh:\.‘j\
125 RNA
tRNA val

SncmtRNA *165 RNA

ASncmtRNA-1/2

Rackham et al, RNA 2011

IRNA Leu &8 Human mt DN/
T-P spacer
ST YT 1 , TR . TAS CBS-D
- — | ——— « ‘b llll
LSP
é
=— = polyA
e — - L= —
IncCR-H poly A o -
(ca 375 nt) T
poly A —
In Atlantic cod fish (gadiform genomes) T —
. R —
Jorgensen et al. BMC Evolutionary Biology 2014 incCR-L |17
(ca 500 nt)
t%h’s_’ e T \ CCAC
Kur‘:ar‘war‘,y et-al-Circ Res 2011 Rnase P _P| INCTUATION
MRPP1
MRPP3

Adapted from Sadakierska-Chudy et al, Pharm & Ther, 2014
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The Noncoding RNA Revolution—
Trashing Old Rules to Forge New Ones

Thomas R. Cech'%* and Joan A. Steitz'-*

'Howard Hughes Medical Institute
2Department of Chemistry & Biochemistry, BioFrontiers Institute, University of Colorado Boulder, Boulder, CO 80309, USA
*Department of Molecular Biophysics and Biochemistry, Boyer Center for Molecular Medicine, Yale University School of Medicine,
New Haven, CT 06536, USA
*Correspondence: thomas.cech@colorado.edu

http://dx.doi.org/10.1016/.Cell.2014.03.008
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En réesumé
Les ARNNc sont divers dans leurs structures, avec une taille qui varie de
20 nt a 100 kb.

Les ARNNCc, longs ou courts, jouent un réle essentiel dans de nombreux
processus biologiques et sont cruciaux pour le développement et dans les
maladies, et interviennent probablement dans I’évolution des organismes.

La plupart des ARNnc dont la fonction a été caractérisée participe a la
réegulation de I’expression.

Leurs propriétés leur permettent de fonctionner:
- soit par complémentarité de séquence nucléotidique ARN/ADN, ARN/ARN

- soit en formant des structures avec des protéines et/ou des acides
nucléiques.

Les sous-classes de petits ARN non-codants sont relativement bien
définies et déterminent des modes de fonctionnement semblables. Ce qui
n'est pas le cas des longs ARN non-codants.

Tous sont mis en jeu dans la mitochondrie, issus ou hon du génome
mitochondrial. Avec des spécificités mécanistiques.



Epitranscriptome Epiproteome (PTM)
meA, 5'G,POVA .. Acet, Phos, Citr, SUMO, ...

RNA-bindingP

scRNA

translation

> RNA > Protein
-g)RNA (t/r/tm)RNA

B Rib('mes Pijgs

Line.rIa -ircular l(Inc/nc/mi/pi\lsi/vi/circ)RNA I

mC hmC, l°G, meA viiIA pis
A 4 ) 4 ) 4
IDNA IRNA IProtein

INHERITANCE or TRANSMISSION

Courtesy of Christopher Mason, Weill Cornell Med Coll, NYC
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e effects

Robust Statistical

Sample Models . Variants (SNVs, indels)
Prep & Built from . Structural variants (CNVs, TxC)

Data Per-Base, B4 . Ancestry prediction from
Acquisition High-Res AlMs

Data

Annotations,
TDBGV
miRbase,
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RNA edits,
eQTLs

\
Courtesy of Dr Christopher Mason, NY ‘
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il \\/ AN'TED 1 Yottabyte = 1 trillion Terrabyte

Dot ) e et
Te seetag i v Lrane

H@W Yottabyte Cost ' , , ' [
g World GDP | y y o
‘cn ENCE European Union GDP hoa
, : United States GDP agps
G®Es China GOP US$100trillion
- Japan GDP

WRONG, =< L]

October, 2013 Trillions of Dollars (U.S. $)

Courtesy of Christopher Mason, Weill Cornell Med Coll, NYC



Construire une recherche et une santé durable

Soigner 'humain

Manifeste pour un
juste soin au juste codt

Homme-Plantes: une relation symbiotique meconnue (le baobab,
arbre des palabres / le chéne, dans nos contrées) E{ P

Ameenah Gurib-Fakim, présidente de I'ile Maurice,
lauréate Oreal-Unesco : La chimiste décode les vertus
thérapeutiques d’une centaine de plantes

LAST UPDATED ON MONDAY, 16 NOVEMBER 2015 11:51 WRITTEN BY AMA Q =

MONDAY, 16 NOVEMBER 2015 11:18 , /‘\

80 % de la population mondiale dépendent de ces plantes
meédicinales (d’apres 'OMS)

Plantes médicinales ont une valeur marchande chiffrée
> 60 milliards de dollars
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« Toute vérité franchit trois étapes. D'abord elle est ridiculisée. Ensuite, elle
subit une forte opposition. Puis, elle est considérée comme ayant toujours été
une évidence. » A. Schopenhauer

Traitement du Traitement du

Soigner 'humain

SCORBUT Manifeste pour un PALUDISME

juste soin au juste codt

, . Déconvertes empiriques:
Déconvertes empirigues: s

Fraicheur des agrumes? QUALITE DE Eparses
L,OBSERVATION Sous le scean du secret
(temps, échange)
A lencontre de. .. OBSTACLES A lencontre de. ..
la compréhension médicale de (transmission, mode la volonté de comprendre de ['épogue
[epoque du moment) (OMS3)
UN DESIGN
Importance du mode DURABLE Importance du mode d’extraction
d’administration (fraichenr) (galénique, intérét (sans bouillir)

economique)




Reaching beyond ignorance: what is repetition?

Repetition refers to one object or shape repeated (disappointing: junk!).

Pattern is a combination of elements or shapes repeated in a recurring and regular
arrangement.

Rhythm is a combination of elements repeated, but with variations.

REPETITION

IAVIRAV.RITAV.IL-AVE

\ ARGt TR T
L V. -l 1.V [
[ \4

RHYTHM



‘ What 1s the best analogy?




@Chang’s lab

A com GTRARSRY A AsoR PR UgbES-PLIGE IPeg by

a
ny Chance, Howarg~

In-Mathematics:—-If-the-order-does-not-matter,-it-is-a-Combiriation.
- If the order does matter, it is a Permutation (i.e. ordered
combination).

In Poetry: Repetition is a basic unifying device.
It mav reinforce. sunnlement. or even snbstitute for meter.

The Rebveat Insertion Domains of LncRNAs AybPothesis

(’Zglnson&G’uiSo, 2014) 2. RNA/RNA
@CLD-PLAY 3. RNA/DNA
=S L e —. =S
Protein hub RNA RNA-DNA Transcription
eg XIST . processor adaptor - factor
~. . eg Uchl1AS ig AdNR|L,
- endrr ‘
% &S .| &
« = -
! | LY

Adapted from Rory Johnson, and Roderic Guigé RNA
2014;20:959-976



Repetition is learning

MULTIPLICATION TABLE
2X2=4
2X3=6
2X4=8
2X5=10
2X6=12
2XT7=14
2X6=16

"THIS POESN!'T LEAVE MLUCH
ROOM FOR CREATIVITY."




INSTRUCTIVITY

MEMORY

EFFECT

CUES

TRANCE

Yes! No matter the constituent material, whether it's

A core principle of mustc is repetition

\Why do we listen to our favourite music over and over
again? Because repeated sounds work magic il

brains (free Orlginates ;
Repetition is so powerfully linked with musicality that its - Platiop, froro'" “ Nojgg
application can dramatically transform: non- musmalmatenals a"ick’s»'"
=> song RBp talk)
(fl'e T

This takes place by shifting our perceptual circuitry sucn%aptatlogz: SRP14 P63

the segment of sound is heard as music. Ma

quat:s ta[k)
Repetition serves as a handprint of human intent. A pifrase
that might have sounded arbitrary the first time might cx)?maio~.\ “5%5*. -
sound purposefully « shaped and communicative » the secofid. ™ ok ST T,
Can you make anything into music just by repeating DR
it?

No. there seems to be something special about sound.

strings of syllables or strings of pitches, it seems that

The few studies that have transferred musical devices,

the brute force of repetition can work to musicalise

such as rhythm, repetition, and periodicity, to non-

auditory domains — flashing lights, for example —

sequences of sounds, triggering a profound shift in the

suggest that the distinctive kinds of mental processing

associated with music are harder to elicit when the
bacic matarial ien’t canic . oo

] aCk ” PeAS_1
athn fro om gn Y Our [eg g om = om om w | | e [T Ll

s talk)



L’intérét d’un génome modeéle: la mitochondrie?

e closed-circular
* double-stranded
eternal inheritance
* reduced model but abundant-approx 1000 mt DN, -
heteroplasmyexceptional economy of organization
e much smaller (16,500 bp) than the nuclear genome
e normally does not undergo recombination

—e relatively rapid sequence evolution

® inter-relates with other genome

—

P‘ftos:untkesas

T, —

Respiration

S VAN AW AW >

* haploid genome
® ma

Mitochondrion

5000

Complex
subunits

Matrix enzymes,
factors. for mtDNA-maintenance;
transcription and translation Complex subunits and

\ assembly proteins

Nucleus




