EnsembleRegNet: Leveraging Ensemble Encoder-Decoder and Multiple-Layer Perceptron
Bagging for Predicting Gene Regulatory Networks from Single-Cell RNA-Seq Data

Duaa Mohammad Alawad?!, Ataur Katebi43, Md Tamjidul Hoquel

email: dmalawad@uno.edu, arkatebi@gmail.com, thoque@uno.edu 280 Bioinformatics &

Department of Computer Science, University of New Orleans, New Orleans, LA, USA. A Machine Leaming
*Department of Bioengineering, Northeastern University, Boston, MA, USA. % [.ab

3Center for Theoretical Biological Physics, Northeastern University, Boston, MA, USA.

THE UNIVERSITY of
NEW ORLEANS

Introduction Methods Results
- - - (a) EXpreSSion matrix (b) Binarized matrix (C) Ensemble Model EﬂSGI’ﬂb'GRegNet_GSEGO?)Gl SIGNET_GSE60361 SCENIC_GSE60361
 Biological processes are regulated by underlying genes and . )
.. ) & . om — e ISR ey
their interactions that form gene regulatory networks (GRNS). . Binarization . o B ;g‘% o o .,:r?”:'.j.;{g,t?,g e,
TF, TF, ‘:'. { .‘“"5’..,' ok . *::'s:}‘g:..:::;;o‘.{.;‘.:?é\”..w.};::::“boo ®
' ' . ) 2 Z“ LT Ay R R T
» Dysregulation of these GRNSs can cause complex diseases such . } i > e gt A
. . o o . : ) o 1 X c"\..; 0y
as cancer, Alzheimer’s, and diabetes. ol = ﬁﬁ;r’;“ MR
M et
» Single-cell transcriptome profiling provides detailed data from TE list > | iing AR AR
thousands of cells. This helps to identify key gene regulatory o oo |5 o L i
networks and modules in different cell types, enhancing our S —— — ° : : =
understanding of various biological mechanisms. . o (e) Significant TFs o Leave-One-Out | | Model prediction Measure EnsembleRegNet SIGNET SCENIC
(f) Calculating TF activities | 4fter removing unmatched targets) (d) Significant TFs : —— : :
New gene list From (d) TF- gene relations External clustering validation the adjusted rand index (ARI) 0.012 0.0090 0.0091
Materials T r_ i imm | umatched @ @ ® e [ normalized mutual information (NMI) 0.021 0.0258 0.035
TF, . e o qq; _g%:... : . TF1 gl 0.73 AT | Target gene 1 |
Table 1: Three Benchmark scRNA-seq Datasets Sourced from GEO T j k A T T © B o« m [ e [ow ] tVAITE F-score 0.069 0.0767 0.087
GEO = Sl MW J LELEHLE - | : — | Normalized Van Dongen (NVD) score 0.747 0.744 0.223
4CCEsSioN Title Summary 2 2 @) s | @ | 0w Tes - Pair Sets Index (PSI) score 0.489 0.477 0.484
- (g) Cell clustering (h) TF GRN (i) GRN representation ReisTarget Internal clustering validation RMSSTD 0.0159 0.012 0.012
GSEG0361 cerebral cortex cells 3005 single cells from 33 L, & L, e 5 Q. (prior) Modified Hubert I statistic 127.080 91.266 116.120
from mice males and 34 females . @ ~@ e ¢ Silhouette index 0.497 0.471 0.458
human skin cutaneous |7186 single cells from 31 < ¥ ’ ’ R R-squared Index 0.978 0.958 0.975
GSE115978 | T Table 2. Comparison of EnsembleRegNet performance with the existing method using GSE60361 datasets. The best score values are bold-faced.
melanoma melanoma tumors (1e4) (1rs) |
head and neck 5902 single cells from 18 SIGNET GSEL15078 SCENIC GSELIS078
GSE103322 |squamous cell patients with oral Cavity Figure 1. EnsembleRegNet framework for Predicting Gene Regulatory Networks from Single-Cell RNA-Seq Data. — —
carcinoma tumors Ll e Weer. ol

1. Data Preprocessing: This initial phase iIs crucial for ensuring the scRNA-seq data is of optimal quality and
adequately prepared for sophisticated analyses, such as deducing gene regulatory networks and deciphering
cellular diversity.

Performance Evaluation Metrics —part 1

There are mainly two categories of clustering validation:
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5. Cell Clustering: This process facilitates an in-depth exploration of gene regulatory networks on a cell-type

* C;and C; are clusters. _ _ _
e ¢c; and ¢; are the centroids of the clusters C; and basis, allowing for a more nuanced understanding. Network Visualization

C; respectively.
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*n Is the number of data points. | 6. Network Visualization: The final step involves graphically representing the intricate interplay within the gene
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belong, respectively.
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D is the dataset. Where: rare cells, where new biology is more likely to be discovered with single-cell data.
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