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Context and methods
©0000

Research question

Can we use DNA sequence to predict active promoters and enhancers
during neuron differentiation? What is the role of low complexity
sequences in this regulatory code?
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Available data
Transcription Start Sites (TSS) delineated via ONT-CAGE (Table 4),

tissue-specific expression, and candidate Cis-Regulatory Element
signature (cCRE, SCREEN).

LIRMM/IGMM/IMAG Predicting TSS activity from sequence October 3, 2023



Context and methods
00000

How can we extract functional sequence features from
regulatory elements?
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How can we extract functional sequence features from
regulatory elements?

Unsupervised approaches such as dimension reduction:
SeqArchR [Sarvesh Nikumbh, 2022]
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Context and methods
00000

How can we extract functional sequence features from
regulatory elements?

Unsupervised approaches such as dimension reduction:
SeqArchR [Sarvesh Nikumbh, 2022]

Supervised approaches linking sequence to expression:

® Implicit features with deep learning — Interpretability?
e Explicit features modelling:

@ TF binding motifs (e.g JASPAR PWM)
® STR - microstallites [Grapotte et al., 2021], Charles’ talk
© Biased kmer frequencies in informative regions

® Lattice search in binned sequence [Menichelli et al., 2021]
L DExTER

® Hidden Markow Models delineating flexible regions
L superHMM
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Context and methods
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Extracting important low complexity regions : DEXTER

Low complexity regions (LCR) delineated by supervised lattice search.
L kmer frequency within region as a predictor for TSS expression.
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Step 2 - Feature selection and predictor learning:

y %G T %GG %GC Z%ATA Z%TT
[-1241,0]  [-2000,-513]  [-1241,2000]  [-1241,-1]  [1,512]
gene 1 | 0.156 0.17 0.24 0.15 0.26 0.08
gene 2 | 0.09 0.20 0.19 0.09 0.12 0.10
gene 3 | 0.17 0.16 0.18 0.12 0.24 0.17

LIRMM/IGMM/IMAG

Predicting TSS activity from sequence October 3,



Context and methods
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Extracting important low complexity regions : superHMM

Discriminative Hidden Markov Models (Laurent Bréhélin).
L LCR size as a predictor for TSS expression.
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Extracting important low complexity regions : superHMM
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Context and methods
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Can we predict the sequence features of TSS activity?

TSS coordinates and expression
Pscal Newal stem ol Corteapewon.
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LASSO
Logistic regression

Motifs are more likely
- to get selected when
the TF is expressed
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performance
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interpretation
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TSS change of activity during differentiation can be predicted

enhancer-like

promoter-like
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Features
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TF Motifs

Both LCR and TF motifs contribute to model predictions.
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Similar rules govern the change in activity of enhancers and promoters

enhancer-like promoter—like
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" A unified architecture of transcriptional regulatory elements”?
L Trends in Genetics [Andersson et al., 2015]
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Distinct rules govern TSS changes in activity between cell transitions

enhancer-like promoter—like
iPSC_to_NSC NSC_to_Neuron iPSC_to_NSC NSC_to_Neuron
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Classifiers are not interchangeable : they are stage-specific.
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Results
ocooe

Important features are a mixture of LCR and TF motifs
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Important features are a mixture of LCR and TF motifs

motif CGTTGCCATGGCAACG RFX3
motif TCACATTCCAGCC TEAD2
ACCT-

AG 0_100

motif ATATGCAAATT POUSF1

GG 351_450

AG 351_400

motif CGCCCCTCCCC MAZ:

motif GGCCACGTGCCC MYC
AAAC

motif CCTCGACCTCCTGA ZNF135
TTA

CACC

motif CGTTGCTAT RFX7

motif ACCGAACAATG SOX12

motif CGTTGCCATGGCAACG RFX3
motif CCGTTGCTTAGCAACGG RFX4
motif ATGCACCTGTCAT SNAI2

motif CGTTGCCATGGCAACG RFX5
motif CGCACCTGCCG TCF12

CG

motif CTTTCCCACAACACGAC ZNF282
motif AAACCGGTTT TFCP2

TG -350_301

motif GGCCACGTGGCC MYCN

motif AACCAATCAGA NFYA

motif ATGCTGAGTCAGCAA MAF

T

CG -300_ 251

motif TTGACAGG MEIS3

iPSC_to_NSC - enhancer-like

0025 ] 0075
Importance

iPSC_to_NSC - promoter-like

001 002 003 004
Importance

TSS activity

motif ACATTCCA TEAD3

motif GGAACAGATGGCA NEUROG2
motif CGATCGATA ONECUT2

AGTT

motif ATGCATAATTAATGAG POU4F2
motif AACATATGTC NEUROG2

motif GGGAATTTCC RELA

motif GGCAGCGGCAGCGGCG ZNF93
motif GAACAGCTGTTC TCF12

AA 401_498

motif GACCACGCCCA KLF3

motif AACATGCCCGGGCATGTC TP53
TT -200_150

GC

motif GGACAGATGGCAG NEUROD1

AT -501_498

TTAC

GC -100_100

motif CCGCCCCCCCCAC ZNF740
ACTT

motif TTATGATGTCATA CREB1
motif GCCACGCCCAC KLF11
motif GGCCACGTGGCC MYCN
motif ACATTCCA TEAD3

motif AACTGAAACCTGATAC SIX2
motif TTTGGCGCCAAA E2F1
TAAA

motif GCAACAGCTGTTGT TCF21
motif GGGCGGGAAGG TFDP1

NSC_to_Neuron - enhancer-like

000 00 004 006 008
Importance

NSC_to_Neuron — promoter-like

AACT- @

feature_type ® LCR @ TF motit

from sequence

0425 o75 000

0ds0
Importance




Results
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Important features are a mixture of LCR and TF motifs

Top TFs are documented for their role in neuron cell fate :

e TEAD?2 blocks Tbrl1+ neuron formation, TEAD1 and TEAD3
promote this early fate
L [Mukhtar et al., 2020]

® MYC proteins promote neuronal differentiation by controlling
the mode of progenitor cell division
L [Zinin et al., 2014]

® RFX genes are evolutionarily conserved TFs that act as master
regulators of central nervous system development
L [Harris et al., 2021]

But also POU5 TFs, NEUGOG2, NEURODL1...
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Important features are a mixture of LCR and TF motifs
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Important features are a mixture of LCR and TF motifs
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Important features are a mixture of LCR and TF motifs
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Conclusion

Main results

® A tangible part of stage specific
TSS activity can be predicted
by sequence, with LCR and TF
motifs showing some
complementary

® While enhancers and promoters
share similar sequence rules,
distinct neuron differentiation
stages have distinct sequence
features
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LETTER

Two independent transcription initiation codes
overlap on vertebrate core promoters
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" Evidence that alternative transcriptional initiation is largely
nonadaptive”? — PLOS Biology [Xu et al., 2019]
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Discussion
0000

Conclusion

® Apply this analysis to monocyte activation

® Feature importance analyses will provide valuable candidates for
experimental validation

® Include Hi-C and RADICL-Seq interaction counts as additional
features
® Refine our regulatory grammar modelling

® Charles Lecellier, Christophe Vroland are collaborating with
Mathys Grapotte and Cedric Notredame (CGR Barcelone) on a
complementary approach
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