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Functional analysis of three-dimensional chromosomal
conformational changes during leaf senescence in

Arabidopsis thaliana
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Abstract: As the primary photosynthetic organ, leaves serve as a crucial source of energy and
nutrients for plants. To investigate the impact of three-dimensional chromatin conformation
changes on gene expression during leaf senescence, we systematically analyzed the dynamic
changes in chromatin spatial conformation and their association with gene expression across three
developmental stages of Arabidopsis leaves (juvenile, mature, and senescent), based on
transcriptomic and 3D genomic data. The results showed that a large number of genes are
involved in leaf senescence, with stage-specific differentially expressed genes, indicating a
stepwise and multi-level regulatory process. During senescence, the spatial organization of
chromatin becomes progressively less ordered, and the correlation between chromatin interaction
strength and linear genomic distance gradually weakens. Gene expression and chromatin spatial
conformation changes are coupled and exert mutual regulation, which is particularly prominent
during the mature stage, generally promoting the expression of upregulated genes and suppressing
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that of downregulated genes. This study preliminarily reveals the tight coupling between gene
expression and chromatin spatial conformation dynamics during Arabidopsis leaf senescence,
providing a new perspective for elucidating the regulatory mechanisms of plant development and
senescence.
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Fig. 1 Analysis of differentially expressed genes in arabidopsis across different developmental stages
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Fig. 2 GO enrichment analysis of differentially expressed genes across developmental stages
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A, G5t X B SRR R IA I B, TAD XIS R FE PRI ZRIL M ;. C. TAD U 5 IX IS FE ]
RIEMIFE . “up” Fon BRFRIAIE, “down” Fon FIRRIAFE, “AtoB” RoRPtfiiX & A ¥Hh
BIXI, “Bto A” FpRQEmXE B H#AN AKX, “common” FRMAM B M FHh TAD B4 7
DRILA XK, “changed” FoR AN B 7 oh TAD sH 0 5 X I3 0 DX 2 o

A. Effects of chromatin compartment switching on gene expression; B. Effects of TAD region alterations on gene
expression; C. Effects of TAD boundary region alterations on gene expression. "up" denotes upregulated genes,
"down" denotes downregulated genes, "A to B" denotes regions where chromatin compartment A switches to B,
"B to A" denotes regions where chromatin compartment B switches to A, "common" denotes regions common to
TADs or their boundaries across two developmental stages in leaves, "changed” denotes regions with altered
TADs or their boundaries across two developmental stages in leaves.
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Fig. 4 Analysis of the association between chromatin spatial conformation changes and gene expression
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