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Rare diseases are said to be rare when they affect one person in 2,000, i.e. more than 3 million French
people and at least 30 millions Europeans. There are 7-8,000 rare diseases identified to date and the
vast majority is from unknown origin. More than 90% of rare diseases are without treatment. Rare
diseases are a major threat for human health and understanding of the molecular etiology of rare
diseases is of primary need.

Here, | will initially present shortly some of our data on the mechanism of Rett Syndrome (RS), a very
severe neuro-developmental rare disease. The genetic cause of the disease was defined as loss of
function of methyl CpG binding protein 2 (MeCP2). Nevertheless, the precise mechanism of how loss
of function of this protein causes this devastating disease was not very clear. In contrast to the existing
dogma claiming that MeCP2 binds to CpG conatining sequences, we observed that MeCP2 specifically
recognizes and binds both in vitro and in vivo hydroxymethylated CA repeats. Moreover, we
demonstrated a new function of MeCP2 as a long-range chromosome organiser, especially in
chromatin domains associated with the nuclear lamina (LAD) which is the area at the inner face of the
nuclear membrane. Therefore, MeCP2, previously described as transcriptional repressor, also
organizes 3D chromatin architecture, and Rett Syndrome is, indeed, an epigenetic disease.

Next, | will describe a novel work flow for deciphering the molecular etiology of rare diseases and the
application of this workflow on analyzing the Rahman Syndrome (RMNS) molecular origin. RMNS is a
recently described developmental disorder caused by frameshift mutations in linker histone H1.4, that
produce a truncated C-terminal domain (CTD) with reduced positive charge. We found that the
mutation induces nucleosome arrays to adopt a more extended, flexible conformation exhibiting
phase separation behavior similar to those lacking H1.4. Molecular dynamics simulations supported
by FRET analysis indicate that the mutated CTD recognizes a shorter length of linker DNA, resulting in
a more open nucleosome conformation. Correspondingly, the mutation substantially increases H1.4
mobility within cell nuclei. The combined data suggest that RS mutations alter gene expression during
development by promoting a relaxed chromatin state. This suggestion was further supported by a
series of experiments at genome-wide level by using a cohort of "omics" approaches including ATAC-
seq, RNA-seq and ChIP.

Finally, | will briefly summarize the objectives and preliminary data on a new project focused on Very
Early Onset of Inflammatory Bowel Diseases (VEO-IBD). The data point out to the identification of new
variants operating in VEO-IBD.
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MexaHuU3mu Ha pegKute 6onectu

(OT CTPYKTYpHM NpOoMeHU B reHoMa A0 GYHKLMOHANHW NOCNeaCTBUA)
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Penkute 3abonsBaHuA ce cymTaT 3a pPedKu, KoraTo 3acarat eamH Yosek Ha 2000, T.e. noseye oT 3
MmuanoHa ®@paHuysu n noHe 30 muanMoHa esponenum. Kbm gHelHa gata ca naeHtTnoumumpanm 7-8 000
peaKu 3abonaBaHMA U OFPOMHOTO MHO3MHCTBO € OT Hem3BecTeH Nponsxoa. Moseye ot 90% OT peakuTe
3abonABaHuA ca 6e3 neveHue. Pegkute BonectM ca OCHOBHa 3aniaxa 3a YOBELWKOTO 34paBe U
pa3bnpaHeTo Ha MOIEKY/THATa ETUOIOMMA Ha peaKkuTe 3abonsBaHMA e OT MbpBa HEOHXOAMMOCT.

TyK NbpBOHaAYa iHO e NpeAcTaBA HAaKPATKO HAKOM OT HaluuTe AaHHU 33 MexaHM3ma Ha CuHApoma Ha
Pet (RS), MHOrO TEXXKO psAAKO HEBPOIOrMYHO 3abonaBaHe. [eHeTUYHATa NPUYMHA 3a 3ab601ABaAHETO ce
onpeaensa Kato 3aryba Ha ¢yHKuma Ha metun CpG cebp3Baly npotenH 2 (MeCP2). Hesasucmumo ot
TOBA, TOYHUAT MEXAHU3BM 3a TOBa KaK 3arybata Ha QyHKUMA Ha TO3M NPOTEMH NPUYMHABA TOBA
onycrowunTenHo 3abonasaHe He Helle MHOro AceH. 3a pas/MKa OT CbLUECTBYBAWATA AOrMa, KOATO
TBbpAM, Ye MeCP2 ce cBbp3Ba ¢ CpG CbabpKalM NOCNAEA0BATENHOCTM, HME HabalogaBaxme, ye
MeCP2 cneundmnyHO pa3no3HaBa M CBbP3Ba KAKTO in vitro, Taka u in vivo xnagpokcumetnamnpanum CA
nostopu. OcBeH TOBa, HWE [JeMOHCTpUpaxme HoBa ¢yHKuMA Ha MeCP2 Kato XpomMoO30MeH
OpraHM3aTop Ha AbArM PascTosHMA, 0COOEHO B XPOMATUMHOBUTE AOMEWHMW, CBbP3aHM C AgpeHaTa
namuHa (LAD), koaTo e 06/1acTTa Ha BbTPELIHATA NOBBbPXHOCT HA AApeHaTa membpaHa. CnefoBatenHo
MeCP2, onucaH no-paHO KaTo TPaHCKPUMNUMOHEH penpecop, Cblo opraHu3mpa 3D xpomaTuHOBaA
APXUTEKTYPa U CUHAPOMBT Ha Rett HaucTMHa e enureHeTnYHoO 3abonasaHe.

Cnep, ToBa We onuwa HoB paboTeH nogxon 3a AewndpupaHe Ha MOJIEKyNApPHaTa eTMoA0rMA Ha
peakute 3ab60nABaHMA W MNPUIONKEHMETO Ha TO3M pPaboTeH npouec npwu aHaju3npaHe Ha
MONEKYNAPHUA NPOU3X0A, Ha cCMHAPOMA Ha PaxmaH (RMNS). RMNS e HacKkopo onucaHo HapyLleHne Ha
pPa3BUTMETO, NPUYMHEHO OT MyTaLMM HA M3MeCcTBaHe Ha pamKaTa B JIMHKep XUCToH H1.4, kouTto
npoussexaar npecedyeH C-tepmunHaneH gomeH (CTD) ¢ HamaneH nonoxuteneH 3apag. OTKpuxme, ye
MyTaLMATa MHAYLMPA HYKIE030MHUTE MacUBK A3 NPMEMAT No-paslnpeHa, MrBKaBa KoHpopmaums,
nposBsaBalla noBegeHWe Ha pasgensHe Ha ¢asuTte, NnogobHO Ha Te3u, Npu KouTto nuncea H1.4.
Cumynaumute Ha MmoneKkynApHaTa AMHaMKUKa, nogkpeneHu ot FRET aHanuns3, nokaseart, ye myTMpanaTa
CTD pa3no3HaBa No-KbCa Ab/XKMHA Ha AnHKepHa [HK, KoeTo BoAM A0 NO-OTBOPEHa HyKN1eO030MHa
KOHbopMaums. CbOTBETHO, MyTaLMATA 3HAYMTENTHO yBENMYaBa MOBUAHOCTTA Ha H1.4 B KNeTbYHUTE
Aagpa. KombuHUpaHMTe AaHHW npegnonaraT, ye RS mMyTaumMmTe NPOMEHAT reHHaTa eKcnpecus no
Bpeme Ha pas3BMTMETO 4pe3 HacbpyaBaHe Ha penakCUMpaHO CbCTOAHME Ha XpomaTtuH. ToBa
npeAnonoXKeHne belle AONbAHUTENHO NOAKPENEHO OT CEPUA OT EKCNEPUMEHTU HA HUBO FreHOM Ypes
M3non3BaHe Ha KoxopTa oT "omics" noaxoan, sBknountenHo ATAC-seq, RNA-seq u ChiP.

N Hakpas, we 0606La HakpaTKO LenuTe 1 NpeaBapuTeNHUTE AaHHU 33 HOB NPOEKT, GOKYyCUPaH BbPXY
MHOTO PaHHOTO Hayasio Ha Bb3NanuTenHu 3abonsBaHMA Ha YepsaTa (VEO-IBD). [JaHHUTe co4aT KbMm
NMAeHTUOMLUMPaHETO HAa HOBU BapuaHTK, paboTtewwm sbB VEO-IBD.
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