Inferring full scale machine learning (ML)
model of transcriptional regulatory network
(TRN) underlying specification of the
zebrafish enveloping layer (periderm)
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—@® Introduction |

Syndromic

» Orofacial Cleft (OFC) may cause problems with
feeding, ear disease, speech and socialization.

» ltis curable with a relatively simple surgery but
in some parts of the world still unaffordable:
high costs for the family and eventually for
society.

» Knowledge gap: most of the heritable risk for
non-syndromic OFC has not been assigned to
a gene.
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» While GWAS is appropriate to
detect the heritable risk stemming Low
from common variants, low-
frequency variants with Very rare
intermediate effect are difficult to T— ' KAl eciiiohoy
be identified by GWAS.

Manolio et al. Visscher, 2009
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—@ Introduction Il

» To overcome the limited capability from GWAS, transcriptional regulatory networks (TRN) have
been proposed to describe the control of gene expression variations by transcription factors (TFs).
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—@ Data Description

» scRNA-seq gene expression
- 3,787 target genes X 394 EVL cells

» SCATAC-seq open-chromatin data
— Generated binary matrix involving 430 TF’s X 3,787 genes in the following cis-regulatory.

&
P-A 100Kb Gene A Gene B Gene C Gene D
Ig-(B: ATF P binding site - e —
Active enhancer Proximal Genes

- Hi-C (a high-throughput genomic and epigenomic technique, a derivative of a series of
chromosome conformation capture) data

Was considered to detect genome-wide chromatin interactions in trans-regulatory, but data specific to
EVL cell-type couldn’t be found.
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—® TRN (Transcriptional Regulatory Network)

» Overview (Miraldi et al.)

Shield Stage multiome — Target Genes
RNA expression in EVL cells 3,787 Genes x 394 Samples | Periderm
TRN
Prior Information Prior Matrix gLASSO

ATAC-seq data from multiome 430 TFs x 3,787 Genes

4

P-A 100Kb Gene A Gene B Gene C Gene D
P TF P binding site o
Active enhancer Proximal Genes
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—@ Graphical LASSO (gLASSO)

» A sparse penalized maximum likelihood estimator (MLE) for the precision matrix (inverse of
covariance matrix, ® = £~1) of a multivariate elliptical distribution is obtained to maximize the log-
likelihood,

logdet © — tr(S©) — |10 = P||4

Where S denotes the empirical covariance matrix and P is the regularization amount for each variable
(Friedman et al. 2007). The entries of the P matrices were one of two values: the non-negative value p
for TF-gene interactions without evidence from prior; otherwise bias*p for TF-gene interactions with
support in the prior.

The penalty parameter p was determined by cross-validation.

We tested five different bias depending on prior reinforcement strength.
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—@® Generation of Gold Standard (GS)

» Identification of key TF’s
» Discovery of genes with enriched expression in EVL cells CmP  CUTERUN CUTERUN
» ldentification of genes regulated by key TF’s from bulk-RNAseq o
e . . kIf17
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—@ Tuning of computationally inferred TRN by using GS network

) 2

By comparing the significant pairs selected by
gLASSO with TF-gene relations from GS outpus,
true positives (TP), false positives (FP), and
false negatives (FN) were estimated.

Precision = TP/(TP+FP)
Recall = TP/(TP+FN)

O partial area indicates random guessing
(baseline) while the partial area >0 shows
improvement over random guessing.

Partial area under precision-recall curve

Overall, moderate prior reinforcement derives
better performance than others (no
reinforcement or strong reinforcement).
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—@® TRN with 2 Prior Reinforcement
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Highly-connected TFs in the EVL TRN are enriched for known cleft

. genes and de novo variants in OFC patients

Hub TFs *Cleft Genes de novo variant enrichment analysis
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—@ Conclusions

1. Highly connected (hub) genes in the EVL TRN, relative to randomly selected TFs in it, are
enriched for 99 known OFC risk genes* (p-value = 3.08e-05). * https://toppgene.cchmc.org/
[toppgene.cchmc.org]

2. Hub genes of EVL TRN, relative to all genes in the human genome, are also enriched for loss of
function (LOF) de novo variants detected in OFC patients (p-value = 2.28e-03).

3. These results indicate that other highly connected genes in the EVL TRN are candidates
to be OFC risk genes.
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