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Figure S1. Domain identification of MLL1 protein using InterPRO server. IPR016569 indicates the MLL1 protein (1-3969 aa), the Post SET domain (3953-3969); SET domain (3829-3951); FY rich C (3666-3753); Znf PHD4 finger (1932-1978); Bromodomain (1633-17767); Znf PHD3 finger (1568-1625); Znf PHD2 finger (1481-1531); Znf PHD1 finger (1433-1480) and Zinc finger, CXXC (1147-1195).
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Figure S2. Evolutionary conservation analysis performed for MLL1 protein sequence 1 to 3969 aa using ConSurf.Amino acids are shaded according to their conservation ratings and levels. A grade of 1 represents fast-evolving (variable) sites and is marked in turquoise; a grade of 5 denotes sites evolving at a standard rate, shown in white; while a grade of 9 points to (evolutionarily conserved) sites that evolve slowly, represented in maroon. When a particular position covers a range of 4 or less color grades, its score is viewed as unreliable. These positions are highlighted in light yellow in the visual display.

















Table S1. Predicted Functional Partners obtained from the STRING server.54
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	Score
	Predicted Functional Partners:

	0.999
	Retinoblastoma-binding protein 5; In embryonic stem (ES) cells, plays a crucial role in the differentiation potential, particularly along the neural lineage, regulating gene induction and H3 'Lys-4' methylation at key developmental loci, including that mediated by retinoic acid (By similarity). As part of the MLL1/MLL complex, involved in mono-, di- and trimethylation at 'Lys-4' of histone H3. Histone H3 'Lys-4' methylation represents a specific tag for epigenetic transcriptional activation; WD repeat domain-containing

	RBBP5

	0.999
	Menin; Essential component of a MLL/SET1 histone methyltransferase (HMT) complex, a complex that specifically methylates 'Lys-4' of histone H3 (H3K4). Functions as a transcriptional regulator. Binds to the TERT promoter and represses telomerase expression. Plays a role in TGFB1-mediated inhibition of cell-proliferation, possibly regulating SMAD3 transcriptional activity. Represses JUND-mediated transcriptional activation on AP1 sites and that mediated by NFKB subunit RELA. Positively regulates HOXC8 and HOXC6 gene expression. May be involved in normal hematopoiesis through the [...]

	MEN1

	0.999
	Set1/Ash2 histone methyltransferase complex subunit ASH2; Component of the Set1/Ash2 histone methyltransferase (HMT) complex, a complex that specifically methylates 'Lys-4' of histone H3, but not if the neighboring 'Lys-9' residue is already methylated. As part of the MLL1/MLL complex it is involved in methylation and dimethylation at 'Lys-4' of histone H3. May function as a transcriptional regulator. May play a role in hematopoiesis; PHD finger proteins

	ASH2L

	0.999
	WD repeat-containing protein 5; Contributes to histone modification. May position the N- terminus of histone H3 for efficient trimethylation at 'Lys-4'. As part of the MLL1/MLL complex it is involved in methylation and dimethylation at 'Lys-4' of histone H3. H3 'Lys-4' methylation represents a specific tag for epigenetic transcriptional activation. As part of the NSL complex it may be involved in acetylation of nucleosomal histone H4 on several lysine residues. May regulate osteoblasts differentiation; Belongs to the WD repeat WDR5/wds family

	WDR5

	0.992
	CREB-binding protein; Acetylates histones, giving a specific tag for transcriptional activation. Also acetylates non-histone proteins, like NCOA3 and FOXO1. Binds specifically to phosphorylated CREB and enhances its transcriptional activity toward cAMP-responsive genes. Acts as a coactivator of ALX1. Acts as a circadian transcriptional coactivator which enhances the activity of the circadian transcriptional activators: NPAS2-ARNTL/BMAL1 and CLOCK- ARNTL/BMAL1 heterodimers. Acetylates PCNA; acetylation promotes removal of chromatin-bound PCNA and its degradation during nucleotide excisi [...]

	CREBBP

	0.988
	Host cell factor 1; Involved in control of the cell cycle. Also antagonizes transactivation by ZBTB17 and GABP2; represses ZBTB17 activation of the p15(INK4b) promoter and inhibits its ability to recruit p300. Coactivator for EGR2 and GABP2. Tethers the chromatin modifying Set1/Ash2 histone H3 'Lys-4' methyltransferase (H3K4me) and Sin3 histone deacetylase (HDAC) complexes (involved in the activation and repression of transcription, respectively) together. Component of a THAP1/THAP3-HCFC1-OGT complex that is required for the regulation of the transcriptional activity of RRM1. As part o [...]

	HCFC1

	0.980
	Protein dpy-30 homolog; As part of the MLL1/MLL complex, involved in the methylation of histone H3 at 'Lys-4', particularly trimethylation. Histone H3 'Lys-4' methylation represents a specific tag for epigenetic transcriptional activation. May play some role in histone H3 acetylation. In a teratocarcinoma cell, plays a crucial role in retinoic acid-induced differentiation along the neural lineage, regulating gene induction and H3 'Lys-4' methylation at key developmental loci. May also play an indirect or direct role in endosomal transport; Belongs to the dpy-30 family

	DPY30

	0.969
	PC4 and SFRS1-interacting protein; Transcriptional coactivator involved in neuroepithelial stem cell differentiation and neurogenesis. Involved in particular in lens epithelial cell gene regulation and stress responses. May play an important role in lens epithelial to fiber cell terminal differentiation. May play a protective role during stress-induced apoptosis. Isoform 2 is a more general and stronger transcriptional coactivator. Isoform 2 may also act as an adapter to coordinate pre-mRNA splicing. Cellular cofactor for lentiviral integration; Heparin binding growth factor family

	PSIP1

	0.969
	Chromodomain-helicase-DNA-binding protein 8; DNA helicase that acts as a chromatin remodeling factor and regulates transcription. Acts as a transcription repressor by remodeling chromatin structure and recruiting histone H1 to target genes. Suppresses p53/TP53-mediated apoptosis by recruiting histone H1 and preventing p53/TP53 transactivation activity. Acts as a negative regulator of Wnt signaling pathway by regulating beta-catenin (CTNNB1) activity. Negatively regulates CTNNB1- targeted gene expression by being recruited specifically to the promoter regions of several CTNNB1 responsiv [...]

	CHD8

	0.963
	Transcriptional activator Myb; Transcriptional activator; DNA-binding protein that specifically recognize the sequence 5'-YAAC[GT]G-3'. Plays an important role in the control of proliferation and differentiation of hematopoietic progenitor cells; Myb/SANT domain containing
	MYB




Table S2. GO enrichment analysis of the STRING networks created using the core module memberships revealed unique functions in the aging-associated module.57

Table S2.Functional enrichments analysis of MLL1 network[image: ]
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	 2.1.Biological Process (Gene Ontology)

	False discovery rate
	Strength
	Count in network
	Description
	GO-term

	5.47e-05
	2.58
	3 of 14
	Histone h4-k16 acetylation
	GO:0043984

	0.00010
	2.47
	3 of 18
	Positive regulation of histone h3-k4 methylation
	GO:0051571

	0.0063
	2.47
	2 of 12
	Viral latency
	GO:0019042

	1.76e-06
	2.39
	4 of 29
	beta-catenin-TCF complex assembly
	GO:1904837

	1.90e-08
	2.38
	5 of 37
	Histone h3-k4 methylation
	GO:0051568

	0.0092
	2.35
	2 of 16
	Histone h4-k8 acetylation
	GO:0043982

	0.0092
	2.35
	2 of 16
	Histone h4-k5 acetylation
	GO:0043981

	2.96e-09
	2.18
	6 of 71
	Histone lysine methylation
	GO:0034968

	3.06e-10
	2.13
	7 of 93
	Histone methylation
	GO:0016571

	0.0233
	2.09
	2 of 29
	Positive regulation of transforming growth factor beta receptor signaling pathway
	GO:0030511



	6.41e-07
	2.04
	5 of 82
	Regulation of megakaryocyte differentiation
	GO:0045652

	0.00015
	1.83
	4 of 105
	Histone acetylation
	GO:0016573

	1.36e-09
	1.68
	8 of 299
	Peptidyl-lysine modification
	GO:0018205

	3.42e-09
	1.61
	8 of 351
	Histone modification
	GO:0016570

	1.85e-06
	1.61
	6 of 260
	Regulation of myeloid cell differentiation
	GO:0045637

	0.0298
	1.41
	3 of 206
	Chromatin remodeling
	GO:0006338

	3.06e-10
	1.4
	10 of 713
	Chromatin organization
	GO:0006325

	1.76e-06
	1.4
	7 of 493
	Regulation of hemopoiesis
	GO:1903706

	0.00039
	1.0
	7 of 1253
	Positive regulation of transcription by rna polymerase ii
	GO:0045944

	0.0147
	1.0
	5 of 895
	Negative regulation of transcription by rna polymerase ii
	GO:0000122

	0.00014
	0.95
	8 of 1587
	Positive regulation of transcription, dna-templated
	GO:0045893

	0.0069
	0.92
	6 of 1293
	Protein-containing complex assembly
	GO:0065003

	3.89e-05
	0.9
	9 of 2005
	Positive regulation of cellular biosynthetic process
	GO:0031328

	0.00033
	0.88
	8 of 1874
	Regulation of cell differentiation
	GO:0045595

	0.0147
	0.84
	6 of 1528
	Negative regulation of nucleobase-containing compound metabolic process
	GO:0045934

	0.00086
	0.82
	8 of 2172
	Regulation of transcription by rna polymerase ii
	GO:0006357

	0.0171
	0.71
	7 of 2429
	Negative regulation of nitrogen compound metabolic process
	GO:0051172

	0.0011
	0.69
	9 of 3239
	Positive regulation of nitrogen compound metabolic process
	GO:0051173

	0.0267
	0.68
	7 of 2630
	Negative regulation of cellular metabolic process
	GO:0031324

	0.0025
	0.65
	9 of 3600
	Positive regulation of macromolecule metabolic process
	GO:0010604

	0.0116
	0.64
	8 of 3227
	Regulation of multicellular organismal process
	GO:0051239

	0.0434
	0.64
	7 of 2875
	Negative regulation of macromolecule metabolic process
	GO:0010605

	0.00030
	0.56
	11 of 5447
	Cellular component organization
	GO:0016043

	

2.2 Molecular Function (Gene Ontology)

	

	False discovery rate
	Strength
	Count in network
	Description
	GO-term

	0.0286
	2.1
	2 of 28
	DNA secondary structure binding
	GO:0000217

	0.0019
	1.93
	3 of 63
	Methylated histone binding
	GO:0035064

	0.0045
	1.77
	3 of 90
	Activating transcription factor binding
	GO:0033613

	0.00051
	1.68
	4 of 148
	Modification-dependent protein binding
	GO:0140030

	0.0019
	1.51
	4 of 221
	Histone binding
	GO:0042393

	0.00042
	1.27
	6 of 570
	Chromatin binding
	GO:0003682

	0.0445
	1.1
	4 of 571
	Transcription coregulator activity
	GO:0003712

	6.94e-05
	1.09
	8 of 1156
	Double-stranded dna binding
	GO:0003690

	0.00042
	1.08
	7 of 1028
	Transcription regulatory region sequence-specific dna binding
	GO:0000976


	0.00042
	0.81
	9 of 2470
	DNA binding
	GO:0003677



	[bookmark: _Hlk124785249]2.3 Cellular Function (Gene Ontology)


	False discovery rate
	Strength
	Count in network
	Description
	GO-term

	4.04e-11
	2.87
	5 of 12
	Set1C/COMPASS complex
	GO:0048188

	3.10e-08
	2.74
	4 of 13
	MLL3/4 complex
	GO:0044666

	7.73e-12
	2.54
	6 of 31
	MLL1 complex
	GO:0071339

	1.85e-14
	2.28
	8 of 74
	Histone methyltransferase complex
	GO:0035097

	0.0016
	1.81
	3 of 83
	Histone acetyltransferase complex
	GO:0000123

	0.0049
	1.6
	3 of 133
	Nuclear periphery
	GO:0034399

	2.81e-09
	1.33
	9 of 752
	Transferase complex
	GO:1990234

	4.63e-06
	0.69
	11 of 3973
	Nucleoplasm
	GO:0005654


2.4 KEGG Pathway
	Pathway
	Description
	Count in network
	strength
	False discovery rate

	hsa04934
	Cushing syndrome
	5 of 153
	1.76
	4.80e-0.6




	Table S3. RegulomeDB variant classification scheme

	Description
	Category

	Likely to affect binding and linked to the expression of a gene target

	eQTL+ TF binding + matched TF motif + matched DNase footprint +DNase peak
	1a

	eQTL+ TF binding + any motif + DNase footprint +DNase peak
	1b

	eQTL+ TF binding + matched TF motif +DNase peak
	1c

	eQTL+ TF binding + any motif + DNase footprint +DNase peak
	1d

	eQTL+ TF binding + matched TF motif
	1e

	eQTL+ TF binding / DNase peak
	1f

	Likely to affect the binding

	TF binding + matched TF motif + matched DNase footprint +DNase peak
	2a

	TF binding + any motif +DNase footprint +DNase peak
	2b

	TF binding + matched TF motif +DNase peak
	2c

	Less likely to affect the binding

	TF binding + any motif +DNase peak
	3a

	TF binding + matched TF motif
	3b

	Minimal binding evidence

	TF binding +DNase peak
	4

	TF binding or DNase peak
	5

	Motif hit
	6
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