Modular Structure of Enhancer Networks in Mixed-Phenotype Acute Leukemia Predicts Disease Genes
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INTRODUCTION Graphl suggests that only 8.39% of enhancer networks are classified as
Mixed-phenotype Acute Leukemias (MPAL) are characterized by the | Modular in MPAL, despite being fewer in number, their modular structure are
presence of blast cells that express markers of multiple lineage, often | more likely to indicate the necessity for complex regulatory mechanism for
leading to diagnostic and therapeutic challenges. The regulatory | controlling key gene expressions in MPAL. For example, WT1(Wilms’ tumor
mechanism driving abnormal gene expression in MPAL involve complex | 1) is a well-documented transcription factor involved in hematopoiesis and
genetic and epigenetic interactions, with enhancers playing a pivotal role. | Jeukemogenesis, while PADI3 (Peptidyl Arginine Deiminase 3) is less
Advances In single-cell sequencing technologies such as SCATAC-seq and | ynderstood in the context in Leukemia. By comparing Figure.1.1. and
SCRNA-seq have enabled detailed exploration of chromatin accessibility | Figure.1.2. WT1-associated networks demonstrate more complex modular

and gene expression at the single-cell level. These technologies facilitate | structure compared to PADI3, correlating with higher gene impact.
the identification of enhancer networks regulating each genes, providing

insights into MPAL pathogenesis. > g Disease genes Graph.4
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Data_ preparation: Extract enhancer accessibility and gene expression enhancers in each modules ) OQ@ O(\é &°
matrices from scATAC-seq and scRNA-seq data from MPAL patients. SN _ _
Node (enhancer-gene): Identify enhancer cluster regulating specific In the context of MPAL, most enhancer network are relatively simple,
genes based on gene enhancer correlation. consisting just 2 modules shown In Graph. 2. The steep drop-off in the
» TSS range identification: locate active transcription regions. number of network with more than 2 module suggests that more complex
- Gene Overlap Correlation: Find potential enhancers near genes and networks are less common. In Graph.4, the modular group exhibits a
calculate correlation. significantly higher enrichment scores compared to the other groups,
Edge(enhancer-enhancer): Identify enhancer pairs with high co- suggesting that the regulatory influence of enhancer network on cell identity
accessibility scores. The workflow enables detailed chromatin Is predominantly facilitated through modular structure. In MPAL, the
interaction analysis specific to MPAL. disruption of these modular networks can lead to abnormal gene expression,
Network Construction: contributing to disease pathogenesis.
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significant roles in disease progression. Intra Inter g Intra Inter
Module Characterization: Compare enhancer pair distance and co- Group Group
accessibility within intra and inter groups to understand regulatory Graph.5. Box plot showing enhancer pair Graph.6. Box plot showing enhancer pair co-
impl ication distance within intra and inter groups. accessibility within intra and inter groups.

Graph 5 and Graph 6 compare the distance and co-accessibility between
enhancers within Intra and Inter groups respectively, revealing that enhancers
within the same group(intra) are not only closer in terms of physical distance
but also exhibits higher co-accessibility compared to those between different
groups. Higher co-accessibility means that enhancers in intra group are more
likely to be simultaneously accessibly and functionally connected. Besides,
the closer physical distance of intra group enhancers suggests that they are
likely part of the same regulatory module, working together to regulate target
gene expression. Vice versa.

RESULTS AND DISCUSSION CONCLUSIONAND IMPLICATION

Although limited in number, targeting enhancer networks with modular
structure could offer novel therapeutic avenues for effectively predicting and
treating disease genes like in Mixed-phenotype Acute Leukemia (MPAL).
Besides, the modular structure exhibit biological significance. Higher co-
accessibility(intra group) and closer distance between enhancer pairs result in
the formation of cohesive modules due to stronger interactions.
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