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The history of FMRP protein, a 
Multifunctional RNA-binding Protein



FMRP and the fragile X syndrome

A mutation in the FMR-1
gene yielding the absence 
of FMRP protein

Intellectual disabilities
Physical anomalies
Behavioural characteristics

Fragile 
site

1/
4000

1/
7000

The optimal intervention would be to
restore the function of the
FMRP protein.

NO treatment
Educational therapies

35% Autism Spectrum Disorder

FMRP: Fragile X 
Messenger 
Ribonucleoprotein 1
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Is that all?



DNA

Epigenetic mechanisms

Proteins

Metabolites

RNA

genomic

epigenomic

transcriptomic

proteomic

metabolomic

Understanding the multiple roles of FMRP by using 
multi-omics integration.

How to characterize the multiple roles of 
FMRP?



Objective

To characterize the 
role of FMRP in 

neuronal physiology 
through multi-

omics integration. 



Data collection 

E: epigenomeL: lipidomeM: metabolome

All Drosophila Human Mouse

100 %

75 %

50 %

25 %

0

Omics type: TP: transcriptome TL: translatome P: proteome

mR: miRnome

Experimental 
design

Public 
databases

43 Multi-omics datasets

FMRP
KO

FMRP
WT

7 different type of omics
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TP

Samples all datasets

Co
m

m
on

 M
ol

ec
ul

es

TL P

Omics type:

TP: transcriptome TL: translatome P: proteome

KOWT

Conditions:

55 samples

3997 molecules

32 1
6 datasets

3 omics



HIVE: a general framework to analyse
integrated multi-omics data

e
encoder

d
decoder

Z
Latent 
space

Initial 
data

Reconstructed 
data

Variational 
Autoencoder

Random forest 
regressionc

Secret code
=

Multi-omics 
data 

c
Decrypted code

=
Latent features 

Molecules contribution to each latent 
feature

=
The key to convert the secret code
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7 
features 

1229 
molecules

1
63%

7
1%

6
1% 5

3%
4

5%
3

9%

2
18%

Distribution of 
molecules in features

Each feature identifies a specific set of molecules that might 
correspond to different biological meanings.

Pilot integrated 
dataset
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Characterization of the molecules found by HIVE

MM MD MA
Clip-seq 

Maurin et al. Darnell et al. Ascano et al. 

MI
Interactome Kieffer et al. 

Tang et al. 
Deregulated 

synaptic proteins

MT

MASD
Autism Spectrum 

Disorders SFARI database

Novel 
candidates  

1229 
molecules

6
Previous 
studies

Distribution of molecules found by HIVE with 
respect to molecules found in previous studies
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Peroxisome

Endoplasmic 
reticulum

264 molecules

Peroxisomes play critical roles in maintaining cellular 
health, especially in the central nervous system.

Only novel candidates
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Characterization of the features found by HIVE

Clip-seq 

Interactome

Deregulated 
synaptic proteins

Autism Spectrum 
Disorders

Feature A

Feature B

Feature C

Feature D

Feature E

Feature F

Feature G

Is there a significant 
association?cv

Market basket 
analysis

Significant associations between 
items that are often bought together.

Features encoded in the latent space capture specific 
biological processes linked to the phenotype under study.



Can we identify novel putative candidate 
molecules that link ASD and FMRP?

Autism Spectrum 
Disorders

1229 
molecules

7 
features 

1

4

3

2

1229 
molecules

7 
features 

1
63%

7
1%

6
1% 5

3%
4

5%
3

9%

2
18%

?
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HIF-1 signaling pathway
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Results

Glutamatergic 
synapse. Regulation 
of dendritic spine 
morphology and 
vesicular trafficking 
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Conclusions

Computational 
framework for 
multi-omics analysis

multi-omics integrated 
dataset composed of 
FMRP WT & KO

5
2% 4

6%
3
3%

2
19%

1
48%

0
22%

Identify of potential 
candidates that link 
FMRP to ASD.

Identify several novel 
putative roles for FMRP 
including the peroxisome.

Identify 1229 molecules 
deregulated in the absence of 
FMRP, 22% of them not previously 
connected to FMRP.



Take home message
Results showed today

Results obtained with 
this study

Results that can be 
potentially obtained by 
performing
 

multi-omics, 

multi-study, 

multi-model 

integration analysis.

1 model, 3 omics, 5 datasets

3 models, 7 omics, 43 datasets

Complete understanding 
of the role of FMRP in 
neuronal physiology. 
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