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​1.​ ​Introduction​

​DNA​​is​​the​​genetic​​material​​which​​universally​​codes​​for​​the​​proteins​​of​​almost​​all​​organisms.​​A​​singular​​diploid​​cell​​in​​the​
​human​​body​​contains​​six​​billion​​base​​pairs,​​spanning​​two​​meters​​wide​​end-to-end​​(Piovesan​​et​​al.,​​2019).​​To​​compact​​it​​for​
​packaging​ ​within​ ​the​ ​10​ ​micrometer​ ​nucleus,​ ​the​ ​DNA​ ​is​ ​wrapped​ ​around​ ​an​ ​octamer​ ​of​ ​positively​ ​charged​ ​proteins​
​known​​as​​histones,​​which,​​when​​combined​​with​​associated​​RNAs,​​form​​chromatin​​(Georgopoulos,​​2017).​​Chromatin​​can​​be​
​modified​​in​​various​​ways,​​such​​as​​DNA​​methylation​​and​​histone​​modifications.​​Histone​​modifications​​are​​known​​to​​affect​
​key​​properties​​of​​the​​chromatin,​​such​​as​​DNA​​accessibility,​​altering​​the​​extent​​to​​which​​proteins​​and​​transcription​​factors​
​must​ ​compete​ ​with​ ​histones​ ​for​ ​DNA​ ​binding​ ​and​ ​utilization​ ​(Pfluger​ ​&​ ​Wagner,​ ​2007).​ ​For​ ​example,​ ​accessibility​​was​
​decreased​​by​​H3K27​​methylation​​and​​increased​​by​​acetylation​​or​​H3K36​​methylation​​(Bannister​​&​​Kouzarides,​​2011;​​Greer​
​& Shi, 2012).​

​Alternative​​splicing​​is​​the​​process​​of​​producing​​multiple​​distinct​​mRNAs​​(isoforms)​​from​​the​​same​​pre-mRNA​​via​​joining​
​exons​​(coding​​regions)​​in​​different​​combinations,​​used​​by​​higher​​eukaryotes​​for​​increased​​transcriptomic​​and​​proteomic​
​diversity​​(Wright​​et​​al.,​​2022).​​It​​is​​mediated​​by​​splicing​​factors​​that​​guide​​the​​spliceosome,​​a​​complex​​assembled​​along​​the​
​introns​ ​of​ ​small​ ​ribonuclear​ ​proteins,​ ​to​​the​​splice​​sites​​to​​cut​​out​​introns​​(non-coding​​regions)​​(Marasco​​&​​Kornblihtt,​
​2023).​ ​Alternative​ ​splicing​ ​preferentially​ ​occurs​ ​at​ ​suboptimal​ ​splice​ ​sites,​ ​giving​ ​rise​ ​to​ ​varying​ ​proportions​ ​of​ ​the​
​variants,​​but​​splicing​​factors​​can​​bind​​to​​certain​​sequences​​to​​influence​​which​​splice​​site​​is​​used​​(Marasco​​&​​Kornblihtt,​
​2023).​ ​This​ ​process​ ​is​ ​vital​ ​to​ ​eukaryotes,​ ​and​ ​its​ ​misregulation​ ​was​ ​implicated​ ​in​ ​cancers​ ​and​ ​neurological​ ​disorders​
​(Marasco & Kornblihtt, 2023).​

​Recent​​studies​​illuminated​​strong​​connections​​between​​histone​​modifications​​and​​alternative​​splicing​​(Yustis​​et​​al.,​​2024).​
​The​ ​research​ ​in​ ​post-translational​ ​modifications,​ ​chromatin​ ​state,​ ​and​ ​elongation​ ​speed’s​ ​ability​ ​to​ ​directly​ ​influence​
​splicing​ ​has​ ​arisen​ ​due​ ​to​ ​evidence​ ​that​ ​splicing​ ​occurs​ ​simultaneously​ ​to​ ​transcription,​ ​in​ ​other​ ​words,​
​co-transcriptionally (Leung et al., 2019a) (Figure 1A)​

​Two​ ​models​ ​are​ ​prominent​ ​as​ ​the​ ​current​ ​consensus​ ​of​ ​how​ ​the​ ​chromatin​ ​landscape​ ​shapes​ ​splicing​ ​outcome:​ ​the​
​recruitment​​and​​the​​kinetic​​model.​​The​​recruitment​​model​​described​​chromatin​​and​​its​​modifications’​​interactions​​with​
​splicing​​factors​​during​​co-transcriptional​​splicing​​(Luco​​et​​al.,​ ​2011;​​Yustis​​et​​al.,​ ​2024).​​The​​kinetic​​model​​proposed​​that​
​the​​elongation​​rate​​of​​RNA​​Polymerase​​II​​(RNAP​​II)​ ​altered​​splice​​site​​selection​​and​​spliceosome​​assembly​​by​​modulating​
​the​ ​availability​ ​of​ ​splice​ ​sites​ ​(Yustis​ ​et​ ​al.,​ ​2024).​ ​Histone​ ​modifications​ ​that​ ​induce​ ​chromatin​ ​compaction​​could​​also​
​affect​ ​the​ ​elongation​ ​rate,​ ​leading​ ​to​ ​changes​ ​in​ ​splicing​ ​outcomes​ ​(de​ ​la​ ​Mata​ ​et​ ​al.,​ ​2003).​ ​Mechanistic​ ​models​ ​for​
​particular​ ​modifications,​ ​such​ ​as​ ​H3K36me3,​ ​have​ ​been​ ​found,​ ​where​ ​they​ ​can​ ​regulate​ ​splicing​ ​through​ ​a​ ​chromatin​
​reader​ ​protein,​ ​such​ ​as​ ​MRG15,​ ​which​ ​can​ ​then​ ​recruit​ ​splicing​ ​factors,​ ​such​ ​as​ ​polypyrimidine​ ​tract-binding​ ​protein​
​(Figure​​1B)​​(Luco​​et​​al.,​ ​2010).​​While​​the​​associations​​between​​histone​​modifications​​and​​alternative​​splicing​​in​​the​​brain​
​are​​well​​characterized,​​as​​the​​organ​​with​​a​​high​​frequency​​of​​alternative​​splicing​​in​​higher​​eukaryotes,​​the​​significance​​of​
​the​​specific​​gene​​splicing​​of​​histone​​modifications​​and​​their​​changes​​across​​non-neural​​tissues​​and​​developmental​​phases​
​is underexplored.​

​H3K36me3​ ​was​ ​chosen​ ​in​ ​this​ ​study​ ​because​ ​it​ ​had​ ​an​ ​experimentally​ ​proven​ ​role​ ​in​ ​influencing​​RNA​​splicing​​and​​an​
​outlined​ ​mechanism​ ​(Luco​ ​et​ ​al.,​ ​2010).​ ​Additionally,​ ​the​ ​chromodomain​ ​protein​ ​Eaf3​ ​has​ ​been​ ​established​ ​to​ ​link​
​H3K36me3​ ​and​ ​the​ ​spliceosome​ ​for​ ​co-transcriptional​ ​splicing​ ​(Leung​ ​et​ ​al.,​ ​2019b).​​Although​​other​​modifications​​had​
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​demonstrated​ ​enrichment​ ​in​ ​spliced​ ​exon​ ​regions​ ​and​ ​associations​ ​with​ ​alternative​ ​splicing,​ ​a​ ​computational​ ​study​
​investigating​ ​histone​ ​modifications​ ​between​ ​IMR90​ ​and​ ​H1​ ​cells​ ​found​ ​H3K36me3​ ​and​ ​H3K79me1​ ​to​ ​be​ ​the​ ​only​
​modifications​​clearly​​correlated​​to​​alternative​​splicing​​(Shindo​​et​​al.,​​2013).​​Moreover,​​as​​H3K36me3,​​in​​particular,​​was​​also​
​strongly​ ​associated​ ​with​ ​half​ ​the​ ​alternatively​ ​spliced​ ​events​ ​that​ ​change​ ​upon​ ​human​ ​embryonic​ ​stem​ ​cell​
​differentiation,​ ​H3K36me3​ ​was​​chosen​​so​​that​​tissue-specific​​and​​developmental​​correlations​​would​​be​​more​​grounded​
​(Xu et al., 2018).​

​The​ ​genes​ ​analyzed​ ​in​​this​​study​​were​​manually​​selected​​such​​that​​all​ ​four​​genes​​chosen​​had​​known​​neurally​​regulated​
​splicing​​events,​​involvement​​in​​neurological​​conditions,​​and​​susceptibility​​to​​epigenetic​​modification.​​This​​was​​verified​​by​
​referring​ ​to​ ​the​ ​list​ ​provided​ ​in​ ​previous​ ​literature​ ​(Irimia​ ​et​ ​al.,​ ​2014).​ ​Specifically,​ ​Bridging​ ​Integrator​ ​1​ ​(Bin1,​
​NM_001083334)​ ​was​ ​a​ ​neurally​ ​regulated​ ​gene​ ​with​ ​functions​ ​including​ ​regulating​ ​endocytosis,​ ​which​ ​has​ ​isoforms​
​relevant​​to​​Alzheimer’s​​disease,​​as​​well​​as​​being​​affected​​by​​DNA​​methylation​​(De​​Jager​​et​​al.,​​2014).​​Bin1​​was​​also​​a​​tumour​
​suppressor​​that​​was​​inactivated​​through​​attenuation​​or​​mis-splicing​​in​​human​​cancers.​​Its​​inactivation​​could​​particularly​
​increase​ ​the​ ​likelihood​ ​of​ ​lung​ ​cancer​ ​(Chang​ ​et​ ​al.,​ ​2007).​ ​Myocyte​ ​enhancer​ ​factor​ ​2A​ ​(Mef2a,​ ​NM_001291192)​​was​​a​
​transcription​​factor​​that​​was​​typically​​expressed​​in​​the​​heart​​and​​neural​​cells,​​which​​could​​be​​affected​​by​​certain​​histone​
​modifications,​ ​such​ ​as​ ​acetylation​ ​(Passier​ ​et​ ​al.,​ ​2000;​ ​Sharma​ ​et​ ​al.,​ ​2014).​ ​The​ ​aberrant​ ​S-nitrosylation​
​(SNO)-MEF2A/TLX​​cascade​​was​​reported​​to​​negatively​​regulate​​adult​​neurogenesis​​in​​Alzheimer’s​​disease​​(Okamoto​​et​​al.,​
​2014).​

​Clathrin​ ​light​ ​chain​ ​B​ ​(Cltb,​ ​NM_028870)​ ​was​ ​shown​ ​to​ ​connect​ ​endocytic​ ​machinery​ ​to​ ​the​ ​cytoskeleton​ ​by​ ​binding​
​Hip1/R,​​which​​in​​turn​​binds​​to​​actin.​​It​​is​​predicted​​to​​be​​involved​​in​​clathrin-dependent​​endocytosis​​and​​could​​similarly​
​be​ ​affected​ ​by​​histone​​modification​​profiles​​(Das​​et​​al.,​ ​2021a;​​Forn​​et​​al.,​ ​2013).​​CLTB​​was​​abnormally​​distributed​​in​​the​
​hippocampi​​of​​patients​​with​​Alzheimer’s​​and​​was​​upregulated​​in​​mouse​​hippocampal​​models​​with​​Alzheimer’s​​(Nakamura,​
​1994).​​It​​was​​also​​present​​in​​increased​​amounts​​in​​the​​neuronal​​perikarya​​of​​Pick’s​​disease​​patients​​compared​​to​​healthy​
​patients​​(Nakamura​​et​​al.,​ ​1994).​​Pyruvate​​kinase,​​muscle​​(Pkm,​​NM_011099),​​was​​involved​​in​​canonical​​glycolysis​​and​​was​
​shown​​to​​be​​influenced​​by​​H3K36me3​​(Luco​​et​​al.,​​2010).​​Splicing​​preference​​for​​the​​downstream​​mutually​​exclusive​​exon​
​forms​​the​​isoform​​Pkm2​​that​​was​​found​​in​​elevated​​levels​​in​​postmortem​​Alzheimer’s​​disease​​mouse​​brains​​and​​has​​been​
​implicated​ ​in​ ​its​ ​pathology​ ​(Zhang​ ​et​ ​al.,​ ​2025).​ ​It​ ​could​ ​also​ ​promote​ ​tumour​ ​growth​ ​(Lin​ ​et​ ​al.,​ ​2021).​ ​The​ ​selection​
​criteria​ ​were​ ​designed​ ​to​ ​ensure​ ​that​ ​the​ ​genes​ ​are​ ​alternatively​ ​spliced​ ​before​ ​comparing​ ​them​ ​across​ ​tissues.​
​Furthermore,​ ​it​ ​could​ ​increase​ ​the​ ​probability​ ​that​ ​H3K36me3​ ​can​ ​directly​ ​or​ ​indirectly​ ​regulate​​gene​​splicing,​​rather​
​than merely correlating with it, although it will still naturally require wet lab experimentation to test any associations.​

​In​​this​​study,​​we​​aimed​​to​​investigate​​the​​extent​​to​​which​​the​​histone​​modification​​H3K36me3​​acted​​as​​a​​tissue-specific​
​splicing​ ​regulator,​ ​examining​ ​its​ ​level​ ​of​ ​presence​ ​in​ ​exons​ ​that​ ​are​ ​distinctly​ ​spliced​ ​across​ ​tissues.​ ​An​ ​additional​
​objective​​was​​to​​determine​​if​​H3K36me3​​could​​be​​significant​​for​​developmental​​differences​​in​​exon​​inclusion​​percentages​
​to assess its potential impacts on development.​
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​Figure 1:​​Co-transcriptional splicing and models for​​histone modification-regulated alternative splicing.​

​Note:​ ​(A)​ ​A​ ​schematic​ ​figure​ ​illustrating​ ​how​ ​the​ ​RNA​ ​Polymerase​ ​II​ ​(RNAP​ ​II)​ ​undergoes​ ​elongation​ ​simultaneously​ ​to​
​splicing​​by​​the​​spliceosome,​​after​​the​​m7G​​cap​​has​​been​​bound.​ ​(B)​ ​A​​schematic​​figure​​depicting​​the​​effects​​of​​chromatin​
​states​​on​​differential​​splicing​​outcome​​through​​affecting​​RNAP​​II​​elongation​​speed​​and​​chromatin​​adaptors.​​H3K36me3​​is​
​shown​​here​​to​​be​​interacting​​with​​the​​chromatin​​adaptor​​protein​​MORF-related​​gene​​15​​(MRG15),​​which​​then​​recruits​​the​
​polypyrimidine​​tract​​binding​​protein​​(PTB),​​adapted​​from​​(Luco​​et​​al.,​ ​2010).​​Subsequently,​​its​​location-dependent​​splicing​
​outcomes​​are​​illustrated​​on​​the​​right,​​with​​the​​potential​​mechanisms.​ ​Adapted​​from​​(Chou​​et​​al.,​​2000).​​Figure​​generated​
​using BioRender.​

​2.​ ​Methodology​

​2.1. Epigenome browser visualisation of Tabula Muris and ENCODE data​

​UCSC Genome Browser was used to visualise the publicly available Tabula Muris single-cell (Fluorescence-Activated Cell​
​Sorting (FACS) performed cells sequenced with SmartSeq2 protocol) RNA-Seq data and ENCODE 3 project’s Histone​
​Modification ChIP-Seq data from two biological replicates generated by the ENCODE consortium in the Mus musculus​

​theconvergencejournal.org​ ​Vol. 2, No. 2; June 29, 2026​

​4​



​Histone modification and alternative splicing association in neural and non-neural tissues​

​genome (December 2011 (GRCm38/mm10), GCA_000001635.2) (ENCODE Project Consortium, 2012; Perez et al., 2025;​
​Schaum et al., 2018). Although many other modifications, such as H3K9ac and H3K27me3, had previously demonstrated​
​effects on alternative splicing, they were not focused on here due to the scope of this study. (Agirre et al., 2021).​

​The H3K36me3 data from mice of age postnatal 0 (P0), the oldest available (out of E10.5, E11.5, E12.,5 E13.5, E14.5, E15.5,​
​E16.5, and P0), were used to understand the relationship between histone modifications and alternative splicing during​
​development. Additionally, the signal from embryonic 14 (E14) mice was also quantified to complement the Cortexa data​
​discussed later. We analyzed the H3K36me3 signal ±200 bp from the intron-exon boundaries, which we decided upon​
​from past literature (Agirre et al., 2021; Shindo et al., 2013). The tissues that the neuronal cell population was compared​
​against were manually selected by observing if their expression levels were comparable to those of the neuron.​
​Specifically, tissues were used if their flanking exons had an expression signature value of at least 10 % of the neuron’s​
​expression, to ensure that any differences in the splicing could not simply be attributed to the difference in expression.​
​However, some tissues with RNA-Seq data could not be utilized for analysis because the ENCODE dataset employed only​
​contains 12 tissues.​

​2.2. Measuring developmental exon inclusion percentages​

​A Cortexa database was used to analyze the changes in exon inclusion percentage in the cerebral cortex in mice with age​
​(Weißbach et al., 2024). We searched the gene names “Bin1”, “Pkm”, “Cltb”, and “Mef2a”, which had the splicing events​
​recorded. Although the coordinates of the splicing events in Cortexa did not exactly match those in the GENCODE VM23​
​Transcript set used in the UCSC Browser, the corresponding events were found as those with equivalent length of the​
​relevant spliced exons.​

​2.3. Statistical analysis​

​To quantify the RNA-Seq and ChIP-Seq data, the exact coordinates of the desired region were found using UCSC’s Table​
​Browser, with the following configurations: Clade: Mammal, Genome: Mouse, Assembly: Dec. 2011 (GRCm38/mm10),​
​Group: Expression and Regulation, Track: Histone Modifications, Table: H3K36me3 [Selected Organ] [Selected Age]. From​
​the Table Browser, we obtained the summary statistics that included the mean and the standard deviation. Mean and​
​standard deviation values were used to generate graphs on BioRender Graphing (a newly added function to the​
​visualization tool). We then performed unpaired two-tailed t-tests with alpha< 0.05, variances of the samples being​
​homogeneous, and normal distribution using BioRender Graphing.​
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​Figure 2:​​Methodological workflow of this study.​

​Note:​ ​Flowchart​ ​depicting​ ​the​ ​gene​ ​selection​ ​process,​ ​data​ ​visualization​ ​and​ ​analysis​​methods.​​The​​genes​​were​​selected​
​based​​on​​their​​susceptibility​​to​​alternative​​splicing​​in​​neurons.​​The​​tissues​​were​​chosen​​if​​they​​had​​sufficient​​flanking​​exon​
​expression​ ​signals​ ​relative​ ​to​ ​neurons.​ ​The​ ​UCSC​ ​Table​ ​Browser​ ​was​ ​used​ ​to​ ​obtain​ ​summary​ ​statistics,​ ​which​ ​were​
​analyzed​ ​and​ ​plotted​ ​using​ ​the​ ​BioRender​ ​Graphing​ ​tool.​ ​The​ ​Cortexa​ ​database​ ​was​ ​used​ ​to​ ​analyze​ ​the​ ​changes​ ​in​
​developmental exon inclusion percentages with changes in H3K36me3.​
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​3.​ ​Results​

​Exon 7 of Bin1 is differentially spliced in neurons​

​Figure 3:​​mRNA and H3K36me3 and alternative splicing​​analyses of Bin1 Exon 7.​

​Note:​​(A)​​The RNA-Seq data of neurons (281 cells)​​and lung endothelia (693 cells), visualized along with the associated​
​tissues’ H3K36me3 signals.​​(B)​​A graph where the circle​​represents the mean and the tails/error bars represent the​
​standard deviation (SD) of the H3K36me3 signal of the four different tissues. P values: 0.0251 (Forebrain - Lung), 0.0123​
​(Midbrain - Lung), 0.0208 (Hindbrain - Lung). 495 bases analyzed in (B) and (D).​​(C)​​The changes in​​inclusion levels over​
​development, adapted from Cortexa (Weißbach et al., 2024).​​(D)​​Graph of H3K36me3 signal of the three​​brain regions​
​(Forebrain - Fb, Midbrain - Mb, Hindbrain - Hb) from Age E14.5 to P0, where the circle represents the mean, and the error​
​bars represent the SD (B and D, quantified region: chr18:32,414,746-32,415,240 | NM_001083334). (FbP0 – FbE14.5: p>0,05),​
​(HbP0 – HbE14.5: p>0,05), (MbP0 – MbE14.5: p>0,05).​​(E)​​RNA-Seq data of the neuron, OPC, oligodendrocyte,​​microglia,​
​and astrocyte. Their y-axes are not normalized at the microglia despite its 100-fold greater expression to emphasize the​
​neuron-specific splicing pattern. P-values: * < 0.05, ** < 0.01, *** < 0.001. Graphs without indicated statistical significance​
​indicate a lack of significant differences.​

​Analysis​​of​​Exon​​7​​of​​Bin1​​revealed​​differential​​splicing​​between​​neurons​​and​​lung​​endothelia.​​Exon​​7​​encodes​​part​​of​​the​
​BAR​​domain​​that​​has​​been​​implicated​​in​​dynamin​​regulation​​and​​regulation​​of​​membrane​​targeting​​specificity​​(Spooner​​&​
​Dixon,​ ​2025).​ ​Both​ ​flanking​ ​exons​ ​were​ ​expressed​ ​to​​comparable​​levels​​in​​both​​neurons​​and​​the​​lung​​endothelia,​​while​
​neurons​ ​exclusively​​had​​exon​​7​​included.​​The​​percentage​​spliced​​in​​(PSI)​​relative​​to​​the​​average​​RNA-Seq​​of​​its​​flanking​
​exons​ ​for​ ​exon​ ​7​ ​was​ ​88.5%​ ​and​ ​1.15%,​ ​respectively​ ​(to​ ​3​ ​significant​ ​figures).​ ​This​ ​was​ ​in​ ​concordance​ ​with​ ​findings​
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​suggesting​ ​a​ ​functional​ ​role​ ​of​ ​exon​ ​7​ ​in​ ​controlling​ ​the​ ​efficiency​ ​of​ ​neural​ ​cell​ ​endocytosis​ ​by​ ​promoting​ ​Dnm2​
​interactions​​(Ellis​​et​​al.,​​2012).​​Analyzing​​the​​corresponding​​methylation​​pattern​​showed​​H3K36me3​​signatures​​in​​the​​lung​
​near​ ​the​ ​exon,​​which​​were​​outside​​of​​the​​exon​​region​​(quantified​​in​​the​​red​​box,​​Fig.​​3A),​​while​​the​​midbrain​​had​​peaks​
​both​​near​​and​​inside​​the​​region.​​Further​​quantification​​of​​H3K36me3​​signal​​in​​the​​region​​displayed​​significant​​differences​
​in​ ​H3K36me3​ ​signal​ ​between​ ​the​ ​lung​ ​and​ ​all​ ​three​ ​areas​ ​of​ ​the​ ​fore,​ ​mid​ ​and​ ​hindbrain​ ​for​ ​Bin1,​ ​where​ ​the​ ​signal​
​appeared​ ​greater​ ​in​ ​all​ ​areas​ ​of​ ​the​ ​brain.​ ​However,​ ​among​ ​the​ ​genes​ ​analyzed​ ​in​ ​this​ ​study,​ ​Bin1​ ​is​ ​the​ ​only​ ​gene​​to​
​display​​significant​​organ-specific​​H3K36me3​​signals​​(Fig.​​3B).​​We​​next​​asked​​if​​Exon​​7​​is​​developmentally​​regulated​​in​​the​
​mouse​​brain.​​The​​inclusion​​level​​of​​the​​exon​​in​​the​​mouse​​brain​​increases​​significantly​​from​​E14​​to​​E16​​(78.6%​​to​​93.8%,​
​respectively),​ ​but​ ​not​ ​from​ ​E16​ ​to​ ​P0​ ​(Fig.​ ​3C);​​however,​​no​​significant​​differences​​were​​found​​between​​the​​H3K36me3​
​signals of the brain samples aged E14.5 to P0 for all three brain regions (Fig. 3D).​

​There​​was​​a​​limitation​​to​​this​​data,​​which​​was​​that​​the​​H3K36me3​​data​​were​​derived​​from​​a​​bulk​​assay​​of​​many​​cell​​types​
​within​​the​​tissue,​​while​​the​​RNA-Seq​​data​​were​​cell-specific.​​Thus,​​we​​have​​included​​the​​RNA-Seq​​data​​of​​all​​the​​types​​of​
​brain​​cells​​for​​which​​the​​data​​are​​accessible​​in​​the​​Tabula​​Muris​​tracklist​​in​​part​​E,​​including​​the​​neuron,​​astrocyte,​​OPC,​
​microglia,​ ​and​ ​oligodendrocytes.​ ​The​ ​splicing​ ​patterns​ ​were​ ​distinct,​ ​where​ ​neurons​ ​had​​a​​high​​degree​​of​​inclusion​​of​
​exon​ ​7,​ ​while​ ​OPC,​ ​astrocytes,​ ​and​ ​oligodendrocytes​ ​had​ ​much​ ​lower​ ​inclusion,​ ​and​ ​microglia​ ​had​ ​no​ ​observable​
​inclusion.​​The​​expression​​of​​the​​gene​​itself​​varied​​widely,​​with​​the​​microglia​​and​​oligodendrocytes​​having​​much​​greater​
​RNA-Seq signal than the rest. (Fig. 3E) This was in concordance with past literature on Bin1 (Dourlen et al., 2025).​

​2.4. Skipping of exon 9 of Mef2a is differentially regulated in neurons​

​Figure 4:​​mRNA and H3K36me3 and alternative splicing​​analyses in Mef2a Exon 9.​
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​Note:​​(A)​​The RNA-Seq data of neuron (281 cells), cardiac muscle (133 cells), and lung endothelia (693 cells), visualized along​
​with the associated tissues’ H3K36me3 signals.​​(B)​​A graph where the circle represents the mean and​​the tails/error bars​
​represent the standard deviation (SD) of the H3K36me3 signal of the five different tissues. (Forebrain – Heart, Lung:​
​p>0,05), (Hindbrain – Heart, Lung: p>0,05), (Midbrain – Heart, Lung: p>0,05).​​425 bases analyzed in (B)​​and (D).​​(C)​​The​
​changes in inclusion levels over development, adapted from Cortexa (Weißbach et al., 2024).​​(D)​​Graph of​​H3K36me3​
​signal of the three brain regions from Age E14.5 to P0, where the circle represents the mean, and the error bars represent​
​the SD (B and D, quantified region: chr7:67,244,319-67,244,743 | NM_001291192). (FbP0 – FbE14.5: p>0,05), (HbP0 – HbE14.5:​
​p>0,05), (MbP0 – MbE14.5: p>0,05).​​P-values: * < 0.05,​​** < 0.01, *** < 0.001.​​Graphs without indicated​​significance indicate​
​a lack of significant differences.​

​Similar​​to​​Bin1,​​Exon​​9​​of​​Mef2a​​also​​displayed​​differential​​splicing​​between​​the​​neuron​​and​​the​​lung​​endothelia,​​where​​the​
​lung​​exclusively​​excluded​​it​​(PSIs​​were​​67.5%​​to​​2.11%,​​respectively),​ ​while​​the​​cardiac​​muscle​​was​​spliced​​similarly​​to​​the​
​neuron​ ​(PSI​ ​84.7%).​ ​The​ ​cardiac​​muscle​​is​​shown​​for​​comparison​​with​​the​​neuron.​​Exon​​9’s​​function​​is​​unknown,​​but​​it​
​was​ ​more​ ​skipped​ ​in​ ​patients’​ ​hearts​ ​with​ ​Type​ ​2​ ​diabetes​ ​(Nutter​ ​et​ ​al.,​ ​2016).​ ​The​ ​flanking​​exons​​of​​all​ ​the​​neurons,​
​heart,​ ​and​ ​lungs​ ​were​​comparably​​expressed.​​All​ ​quantified​​regions​​had​​small​​peaks​​within​​them,​​with​​generally​​similar​
​H3K36me3​ ​signature​​patterns​​across​​the​​tissues​​in​​the​​visible​​areas.​​(Fig.​​4A)​​Quantification​​of​​the​​regions​​indicated​​no​
​significant​ ​differences​ ​between​ ​the​ ​H3K36me3​ ​signals​ ​of​ ​any​ ​tissues,​ ​where​ ​all​ ​five​ ​tissues​ ​had​ ​very​ ​similar​ ​mean​
​signatures.​ ​(Fig.​ ​4B)​ ​We​ ​then​ ​asked​ ​whether​ ​Exon​​9​​was​​developmentally​​regulated​​in​​the​​mouse​​brain.​​Although​​there​
​appeared​​to​​be​​a​​general​​trend​​of​​increasing​​exon​​inclusion,​​there​​were​​no​​significant​​differences​​between​​E14​​and​​P0,​​the​
​ages​​studied.​​(Fig.​​4C)​​Similarly,​​we​​found​​no​​significant​​differences​​between​​the​​H3K36me3​​signatures​​in​​all​​three​​brain​
​regions. (Fig. 4D)​

​2.5. Exon 5 of Cltb is differentially spliced in neurons and developmentally regulated​

​Figure 5:​​mRNA and H3K36me3 and alternative splicing​​analyses in Cltb Exon 5.​
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​Note:​​(A)​​The RNA-Seq data of neuron (28 cells), hepatocyte (391 cells), and lung endothelia (693 cells), visualized along​
​with the associated tissues’ H3K36me3 signals.​​(B)​​A graph where the circle represents the mean and​​the tails/error bars​
​represent the standard deviation (SD) of the H3K36me3 signal of the five different tissues. (Forebrain – Heart, Lung:​
​p>0,05), (Hindbrain – Heart, Lung: p>0,05), (Midbrain – Heart, Lung: p>0,05).​ ​456 bases analyzed in (B)​​and (D).​​(C)​​The​
​changes in inclusion levels over development, adapted from Cortexa (Weißbach et al., 2024).​​(D)​​Graph of​​H3K36me3​
​signal of the three brain regions from Age E14.5 to P0, where the circle represents the mean, and the error bars represent​
​the SD (B and D, quantified region: chr13:54,596,823-54,597,278 | NM_028870). P value: 0.00781 (FbP0 - FbE14.5). (HbP0 –​
​HbE14.5: p>0,05), (MbP0 – MbE14.5: p>0,05).​​P-values:​​* < 0.05, ** < 0.01, *** < 0.001. Graphs without indicated​
​significance indicate a lack of significant differences.​

​Next,​​Exon​​5​​of​​Cltb​​also​​exhibited​​differential​​splicing,​​where​​neurons​​exclusively​​included​​it,​​which​​was​​concordant​​with​
​the​ ​exon​ ​5-containing​ ​isoform​ ​being​​neuron-specific​​in​​mice​​(Das​​et​​al.,​ ​2021b).​​Specifically,​​the​​PSIs​​were​​87.8%​​in​​the​
​neuron,​​0.0680%​​in​​the​​hepatocytes,​​and​​0.794%​​in​​the​​lung​​endothelia.​ ​Both​​flanking​​exons​​are​​comparably​​expressed​​in​
​all​ ​tissues.​​Peaks​​were​​noticeable​​in​​the​​quantified​​regions​​of​​the​​hindbrain,​​liver,​​and​​lung.​​(Fig.​​5A)​​Further​​quantification​
​evinced​​the​​lack​​of​​significant​​differences​​between​​the​​tissues'​​trimethylation​​signatures.​​The​​forebrain​​and​​midbrain​​had​
​markedly​​smaller​​standard​​deviations,​​which​​suggested​​that​​they​​did​​not​​contain​​peaks​​in​​the​​region.​​(Fig.​​5B)​​When​​we​
​next​ ​asked​ ​if​ ​Exon​ ​5​ ​was​ ​developmentally​ ​regulated,​ ​we​ ​found​ ​two​ ​significant​ ​differences​​in​​inclusion​​in​​the​​analyzed​
​timeframe​​of​​E14​​to​​P0,​​increasing​​from​​17.5%​​to​​30.7%​​from​​E14​​to​​E16​​and​​from​​30.7%​​to​​38.5%​​from​​E16​​to​​P0.​​(Fig.​​5C)​
​Subsequent​ ​quantification​ ​demonstrated​ ​a​ ​significant​ ​difference​ ​between​ ​the​ ​H3K36me3​ ​signature​ ​of​ ​E14.5​ ​and​ ​P0​
​Forebrain, an increase with age, while the hind and midbrain showed no significance. (Fig. 5D)​

​2.6. Mutually exclusive exons 9 and 10 of Pkm are differentially spliced in neurons​

​Exons​ ​9​ ​and​ ​10​​of​​Pkm​​(Pkm1​​and​​2,​​respectively)​​were​​mutually​​exclusive​​and​​exhibited​​differential​​splicing,​​where​​the​
​neuron​ ​and​ ​cardiac​ ​muscle​ ​tended​ ​to​ ​include​ ​Exon​ ​9​ ​preferentially​ ​(PSIs​ ​expressed​ ​as​ ​(Exon​ ​9​​PSI,​​Exon​​10​​PSI)​​were​
​(74.7%,​ ​13.1%)​ ​and​ ​(84.1%​​vs​​4.23%),​​respectively),​ ​while​​the​​lung​​endothelia​​appeared​​to​​prefer​​inclusion​​of​​Exon​​10​​(PSI​
​(14.3%​​vs​​62.7%)).​ ​The​​sole​​inclusion​​of​​exon​​9​​forms​​the​​isoform​​Pkm1,​​which​​was​​more​​commonly​​found​​in​​the​​brain​​and​
​heart​ ​(Li​ ​et​ ​al.,​ ​2024),​ ​compared​ ​to​ ​the​ ​counterpart​ ​Pkm2,​ ​which​ ​exclusively​ ​includes​ ​exon​ ​10,​ ​which​ ​enhances​
​tumorigenesis​ ​and​ ​has​ ​been​​found​​elevated​​in​​lung​​adenocarcinoma​​(Zhu​​et​​al.,​ ​2021).​ ​The​​trimethylation​​tracks​​display​
​larger​​peaks​​in​​the​​quantified​​region​​of​​Exon​​9​​than​​in​​Exon​​10.​​(Fig.​​6A)​​In​​analyzing​​both​​exons,​​we​​found​​no​​significant​
​differences​​in​​either,​​although​​the​​lung​​appeared​​to​​have​​a​​smaller​​signal​​than​​both​​the​​neuron​​and​​cardiac​​muscle.​​(Fig.​
​6B​​&​​6C)​​Following​​this,​​we​​examined​​whether​​these​​exons​​were​​developmentally​​regulated.​​The​​event​​saw​​two​​significant​
​changes​​in​​preference​​for​​inclusion​​with​​age​​from​​E14​​to​​P0.​​Specifically,​​Exon​​9​​inclusion​​was​​increasingly​​preferred​​with​
​age​​(34.5%​​to​​67.5%​​to​​81.6%​​from​​E14​​to​​E16​​to​​P0),​​while​​Exon​​10​​inclusion​​preference​​decreased​​by​​equal​​proportions.​
​(Fig.​ ​6D)​ ​Additional​ ​quantification​​of​​the​​trimethylation​​signature​​indicated​​the​​absence​​of​​significant​​differences​​in​​the​
​region​​of​​Exon​​9,​​but​​also​​a​​significant​​difference​​and​​decrease​​in​​H3K36me3​​from​​E14​​to​​P0​​Midbrain.​​The​​other​​regions​
​did not signify any significant changes in Exon 10, however. (Fig. 6E & 6F)​
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​Figure 6:​​mRNA and H3K36me3 and alternative splicing​​analyses in Pkm Exons 9 and 10.​

​Note:​​(A)​​The RNA-Seq data of neurons (281 cells),​​cardiac muscle (133 cells), and lung endothelia (693 cells) visualized​
​along with the associated tissues’ H3K36me3 signals.​​(B and C)​​Graphs where the circle represents the​​mean and the​
​tails/error bars represent the standard deviation (SD) of the H3K36me3 signal of the five different tissues. (Forebrain –​
​Heart, Lung: p>0,05), (Hindbrain – Heart, Lung: p>0,05), (Midbrain – Heart, Lung: p>0,05).​​570 bases analyzed​​in (B, C) and​
​(E, F).​​(D)​​The changes in inclusion levels over development,​​adapted from Cortexa (Weißbach et al., 2024). In this instance,​
​the percentages are calculated such that the percentage inclusion of exon 9 (shown above) and the percentage inclusion​
​of exon 10 add up to 100%.​​(E and F)​​Graph of H3K36me3​​signal of the three brain regions from Age E14.5 to P0, where the​
​circle represents the mean, and the error bars represent the SD (B, C, E and F, Quantified regions: Exon 9:​
​chr9:59,674,826-59,675,395, Exon 10: chr9:59,675,364-59,675,930 | NM_011099). P value: 0.0164 (MbP0 - MbE14.5). (FbP0 –​
​FbE14.5: p>0,05), (HbP0 – HbE14.5: p>0,05), (MbP0 – MbE14.5: p>0,05).​​P-values: * < 0.05, ** < 0.01,​​*** < 0.001. Graphs​
​without indicated significance indicate a lack of significant differences.​

​4.​ ​Discussion​

​To​​understand​​the​​co-regulation​​of​​H3K36me3​​and​​alternative​​splicing,​​we​​investigated​​four​​genes.​​Our​​findings​​suggest​
​that​​differences​​in​​splicing​​across​​tissues​​for​​neurally​​regulated​​alternative​​splicing​​events​​may​​be,​​in​​part,​​regulated​​by​
​H3K36me3​​in​​Bin1,​​but​​less​​so​​in​​other​​genes.​​Tissue-specific​​splicing​​of​​Bin1,​​correlated​​to​​H3K36me3​​and​​not​​Mef2a​​or​
​Cltb,​ ​was​ ​consistent​ ​with​ ​the​ ​literature​ ​(Forn​ ​et​ ​al.,​ ​2013;​ ​Sharma​ ​et​ ​al.,​ ​2014;​ ​Shindo​ ​et​ ​al.,​ ​2013).​​This​​tissue-specific​
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​difference​ ​in​ ​H3K36me3​ ​presence​ ​could​ ​potentially​ ​lead​ ​to​ ​further​ ​analysis​ ​of​ ​non-neural​ ​regulation​ ​of​ ​alternative​
​splicing to uncover targets to modulate, influence, and reduce aberrant splicing in Alzheimer’s brain tissues.​

​Pkm2​ ​was​ ​known​ ​to​ ​be​ ​affected​ ​by​ ​H3K36me3​ ​in​ ​PNT2​ ​cells​ ​compared​ ​to​ ​hMSCs,​ ​yet​​it​​did​​not​​appear​​to​​be​​a​​major​
​factor​ ​for​ ​tissue-specific​ ​splicing​ ​(Luco​ ​et​​al.,​ ​2010).​​This​​discrepancy​​may​​be​​due​​to​​how​​we​​quantified​​the​​H3K36me3​
​signals​ ​for​ ​the​ ​region​ ​containing​ ​the​ ​mutually​ ​exclusively​ ​spliced​ ​exons,​ ​while​ ​they​ ​compared​ ​the​​signal​​for​​upstream​
​exons​​and​​introns​​as​​well.​ ​Otherwise,​​different​​factors,​​such​​as​​nucleosome​​occupancy,​​histone​​variants,​​and​​chromatin​
​remodelling​​complexes,​​could​​be​​more​​significant​​components​​that​​affect​​splicing​​outcome​​across​​organs.​​However,​​this​
​study​ ​only​​indicated​​correlations;​​thus,​​perturbation​​experiments​​are​​recommended​​to​​further​​understand​​H3K36me3’s​
​role​ ​in​ ​alternative​ ​splicing​ ​in​ ​interesting​ ​cases​ ​such​ ​as​ ​Bin1,​ ​as​ ​well​ ​as​ ​its​ ​potential​ ​functions​ ​in​ ​inter-tissue​
​communication in regard to splicing.​

​There​ ​was​ ​no​ ​evidence​ ​of​ ​H3K36me3​ ​being​ ​correlated​ ​with​ ​changes​ ​in​ ​developmental​ ​splicing​ ​outcomes​ ​in​ ​Bin1​ ​and​
​Mef2a,​​although​​it​​was​​in​​Cltb​​and​​Pkm.​​However,​​Cltb​​and​​Pkm​​both​​had​​greater​​developmental​​changes​​in​​splicing​​than​
​Bin1​​and​​Mef2a​​(an​​increase​​of​​21%​​and​​47.1%​​against​​14.7%​​and​​19.1%,​​respectively)​​and​​significantly​​increased​​from​​E14​​to​
​E16​​and​​from​​E16​​to​​P0,​​while​​Bin1​​and​​Mef2a​​did​​not.​​Thus,​​we​​hypothesize​​that​​changes​​in​​H3K36me3​​may​​be​​associated​
​with​ ​a​ ​threshold​ ​for​ ​changes​ ​in​ ​splicing​ ​outcome,​ ​which​ ​could​ ​be​ ​a​ ​potential​ ​analysis​ ​in​ ​future​ ​investigations.​ ​The​
​observation​ ​in​ ​Cltb​ ​was​ ​supported,​ ​as​ ​Cltb​ ​was​ ​known​ ​to​ ​be​ ​regulated​ ​by​ ​alternative​ ​splicing​ ​in​ ​a​ ​developmental​
​stage-specific​​manner​​(Blue​​et​​al.,​ ​2018).​​The​​correlation​​was​​also​​corroborated​​by​​previous​​literature​​in​​mouse​​tissue​​(Hu​
​et​ ​al.,​ ​2020).​​However,​​this​​study​​was​​also​​based​​on​​predictions​​and​​data​​analysis;​​thus,​​we​​once​​again​​recommend​​that​
​experiments​ ​be​ ​carried​​out​​to​​examine​​this​​relationship.​​Furthermore,​​as​​the​​Cortexa​​database​​used​​only​​covers​​neural​
​alternative​ ​splicing​ ​events,​ ​similar​ ​research​ ​in​ ​other​ ​tissues​ ​and​ ​organs​ ​may​ ​also​ ​be​ ​fruitful.​ ​However,​ ​splicing,​ ​being​
​known​ ​to​ ​affect​ ​the​ ​chromatin​ ​landscape​ ​in​ ​bilateral​ ​communications,​ ​could​ ​complicate​ ​the​ ​directionality​ ​of​ ​the​
​relationship (Yustis et al., 2024).​

​A​ ​limitation​ ​of​ ​this​ ​research​ ​was​ ​that,​ ​although​ ​H3K36me3​ ​was​ ​typically​ ​known​ ​to​ ​enhance​ ​exon​ ​inclusion,​ ​there​​are​
​modifications​ ​that​ ​were​ ​known​ ​to​ ​silence​ ​exons​ ​(Shindo​ ​et​ ​al.,​ ​2013;​ ​Zhou​ ​et​ ​al.,​ ​2014).​ ​These​ ​were​ ​not​ ​able​ ​to​ ​be​
​accounted​ ​for​ ​due​ ​to​ ​time​ ​and​ ​technological​ ​constraints;​ ​however,​ ​this​ ​could​ ​have​ ​also​ ​been​ ​affecting​ ​the​ ​splicing​
​outcome​​by​​being​​increased​​or​​removed​​between​​tissues​​instead​​of​​H3K36me3​​or​​through​​various​​combinations​​of​​them​
​that​​were​​known​​to​​affect​​differential​​splicing​​(Chen​​et​​al.,​ ​2019).​​For​​example,​​Mef2a​​is​​a​​primary​​downstream​​target​​of​
​the​ ​calcium-CaMKII/PKD-HDAC​ ​pathway,​ ​which​ ​can​ ​phosphorylate​ ​histones​ ​and​ ​cause​ ​hyperacetylation​ ​that​ ​could​
​possibly​​affect​​Mef2a​​splicing​​instead​​of​​H3K36me3​​(Sharma​​et​​al.,​​2014).​​Similarly,​​Cltb​​regulation​​across​​normal​​tissue​​to​
​adenomas​ ​was​ ​associated​ ​with​ ​a​ ​change​ ​in​ ​H3K4me3​ ​and​ ​H3K27me3​ ​(Forn​ ​et​ ​al.,​ ​2013),​ ​and​ ​H2BK12ac,​ ​H4K5ac,​ ​and​
​H3K4me3 were enriched in Bin1 exon regions in IMR90 cells (Shindo et al., 2013).​

​The​ ​transcriptional​ ​elongation​ ​speed​ ​of​ ​RNAP​ ​II​ ​could​ ​have​ ​also​ ​affected​ ​the​ ​splicing​ ​patterns,​ ​but​ ​they​ ​could​​not​​be​
​accounted​ ​for​ ​in​ ​this​ ​study​ ​(Zhou​ ​et​ ​al.,​ ​2014).​ ​Lastly,​ ​the​ ​methylation​ ​data​ ​were​ ​not​ ​cell-specific,​ ​so​ ​perturbation​
​experiments could be difficult to accurately perform.​

​The​​research​​on​​two​​cases​​of​​correlation​​between​​developmental​​alternative​​splicing​​and​​H3K36me3​​may​​hopefully​​drive​
​experimental​ ​studies.​ ​This​ ​could​ ​then​​illuminate​​H3K36me3​​as​​a​​potential​​target​​of​​aberrant​​alternative​​splicing​​during​
​development.​ ​Specifically,​ ​it​ ​could​ ​potentially​ ​address​ ​errors​ ​in​ ​embryo​ ​growth,​ ​as​ ​it​ ​is​ ​known​ ​that​ ​embryo​ ​growth​
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​retardation​​is​​likely​​caused​​by​​Pkm1​​increase​​and​​Pkm2​​decrease,​​as​​Pkm2​​was​​highly​​expressed​​in​​embryos​​and​​essential​
​for embryo development (Lin et al., 2021).​

​5.​ ​Conclusion​

​This​ ​study​ ​added​ ​evidence​ ​for​ ​H3K36me3’s​ ​potential​ ​for​ ​altering​ ​differential​ ​splicing​ ​across​ ​tissues​ ​in​ ​Bin1,​ ​while​
​suggesting​ ​that​ ​other​​factors,​​in​​part,​​act​​as​​key​​contributors​​for​​future​​investigations,​​and​​uncovered​​two​​cases​​where​
​differences​ ​in​ ​H3K36me3​ ​were​ ​associated​ ​with​ ​differences​ ​in​ ​developmental​ ​splicing​ ​in​ ​this​ ​investigation​ ​of​ ​histone​
​modifications’​ ​effects​ ​on​ ​differential​ ​splicing.​ ​Although​ ​there​ ​were​ ​certain​ ​constraints,​ ​such​ ​as​ ​counter-balancing​
​modifications​ ​and​ ​elongation​ ​speed​ ​of​​RNAP​​II,​ ​perturbation​​experiments​​could​​fully​​uncover​​the​​connections​​between​
​H3K36me3,​ ​tissue-specific​ ​and​ ​developmental​ ​splicing​ ​that​ ​were​ ​previously​ ​underexplored,​ ​which​ ​could​ ​drive​ ​further​
​investigation​ ​of​ ​the​​epigenetic​​regulation​​of​​tissue-specific​​and​​developmental​​conditions.​​In​​future​​studies,​​H3K36me3​
​could​​potentially​​be​​a​​therapeutic​​target​​for​​embryo​​growth​​retardation​​and​​an​​avenue​​for​​resolving​​aberrant​​splicing​​in​
​Alzheimer’s.​
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