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Supplemental Table 1: Epigenetic pathways of aging and longevity in different model organisms 
Models Epigenetic changes linked to 

aging 
Physiological 
consequence 

Experimental 
intervention to improve 
longevity/healthspan   

Reference 

Yeast 
(replicative 
lifespan) 

Canonical histone loss 
 

Transcriptional 
amplification 

Overexpression of 
histones 

(Feser et al., 2010) 

Decrease in Sir2 Loss of 
heterochromatin at 
subtelomeric and 
rDNA loci, increase 
of H4K16ac and 
accumulation of 
ERCs 

Overexpression of SIR2, 
deletion of SAS2, 
resveratrol and STACs 

(Dang et al., 2009; 
Kaeberlein et al., 
1999; Kim et al., 
1999) 

Increased occupancy of chromatin 
remodeling complex RSC genome-
wide upon rapamycin treatment 

Downregulation of 
TORC1 signaling  

Rapamycin treatment, 
calorie restriction 

(Damelin et al., 
2002) 

Release of Esa1 binding from RP 
promoters upon nutrient 
starvation or rapamycin 
treatment, reduced H3K56ac 
globally and locally at rDNA loci 
upon rapamycin treatment 

(Chen et al., 2012; 
Rohde and 
Cardenas, 2003) 

Loss of H3K36me3 in a subset of 
genes 

Upregulation of 
cryptic transcription 

Deletion of RPH1 (Sen et al., 2015) 

Upregulation of stress response 
genes upon deletion of ISW2 

Calorie restriction, 
stress response 

Deletion of ISW2, 
calorie restriction 

(Dang et al., 2014) 

Yeast 
(chronological 
lifespan) 

Gene expression changes induced 
by deletion of RAS2 via stress 
response transcription factors 

Calorie restriction, 
Ras/AC/PKA 
pathway, stress 
response 

Deletion of RAS2 (Fabrizio et al., 
2003; Longo, 1999; 
Pedruzzi et al., 
2000) 

Mitochondria to nucleus signaling 
and Rph1-mediated chromatin 
changes 

Hormetic response 
of mtROS 

 (Schroeder et al., 
2013) 

Worm DAF-16-mediated recruitment of 
SWI/SNF 

Stress resistance, 
dauer formation 
and longevity 
through the insulin 
signaling pathway 

 (Riedel et al., 2013) 

Possible histone acetylation by 
TOR at ribosomal protein genes 

Activation of TOR 
pathway 

Rapamycin treatment (Wullschleger et al., 
2006) 

Possible SIR-2.1 mediated 
deacetylation of histones 

Consequences of 
calorie restriction 

SIR-2.1 overexpression, 
boosting NAD+ levels by 
calorie restriction, 
treatment with PARP 
enzyme inhibitors 

(Tissenbaum and 
Guarente, 2001) 

Chromatin remodeling by worm 
ISW2 component ATHP2, possibly 
also upregulating stress response 
genes upon deletion 

Consequences of 
calorie restriction 

RNAi of athp-2, calorie 
restriction 

(Dang et al., 2014) 

Changes in H3K4me3  Transcription RNAi of (Greer et al., 2010) 



upregulation  methyltransferase 
subunits or 
overexpression of rbr-2 
demethylase affecting 
H3K4me3 

Changes in H3K27me3 (down 
globally) in somatic cells  

Insulin signaling 
pathway 

RNAi of utx-1 
demethylase 

(Maures et al., 
2011) 

Possible loss of H3K36me3 in a 
subset of genes  

Upregulation of 
cryptic transcription 

RNAi of RPH1 homolog 
jmjd-2 and methyl 
binders F15E6.1 and 
T09A5.8 

(Sen et al., 2015) 

Global loss of H3K36me3 upon 
reduction of met-1 

Gene expression 
variation during 
aging and shorter 
lifespan 

Unknown (Pu et al., 2015) 

DNA methylation on N6 adenine 
(6mA) 

Unknown Unknown (Greer et al., 2015) 

Fly Upregulation of Sir2 and 
downregulation of Rpd3 

Lifespan extension 
upon calorie 
restriction 

Overexpression of Sir2, 
RNAi of Rpd3, HDAC 
inhibitors although 
dosage and time of 
administration must be 
tightly controlled to 
observe longevity 
effects 

(Rogina et al., 2002; 
Wood et al., 2004) 

Overexpression/downregulation 
of Lid 

Lifespan extension/ 
lifespan reduction 
by changing 
H3K4me3 global 
levels 

Overexpression of Lid 
demethylase 

(Li et al., 2010) 

Mutations in PRC2 subunits E(z) 
and esc  

Lifespan extension 
through H3K27me3 
global 
downregulation  

RNAi of PRC2 
components E(z) and 
esc 

(Siebold et al., 
2010) 

Mutations in trx  Suppression of 
longevity 
phenotype on the 
E(z) mutants 
through increase in 
H3K27me3 

Mutating trx in E(z) 
mutants 

Overexpression of DNA 
methyltransferase Dnmt2 

Lifespan extension 
through CpG 
methylation 

Overexpression of 
Dnmt2 

(Lin et al., 2005) 

Killifish Upregulation of H3K27me3  Upregulation of 
ribosome, lysosome 
and complement 
activation genes. 
downregulation of 
synapse, 
mitochondria, 
proteasome and 
spliceosome genes 

 (Baumgart et al., 
2014) 

Normal mouse Increase of macroH2A with age Age-associated gain  (Kreiling et al., 



Increase in HP1b with age in heterochromatin 2011) 
Increase in H4K20me3 (rat) (Sarg et al., 2002) 
Overexpression of Sirt1 Increased health 

benefits (lower 
levels of DNA 
damage, fewer 
spontaneous 
carcinomas and 
sarcomas) but not 
longevity 

 (Herranz et al., 
2010; Libert and 
Guarente, 2013) 

Overexpression of neuronal Sirt1 Lifespan extension 
and delayed aging 

 (Satoh et al., 2013) 

Overexpression of Sirt6 (H3K9 and 
H3K56 deacetylation) 

Maximum lifespan 
increase in male 
mice 

 (Kanfi et al., 2012) 

Long-lived 
dwarf mouse 
models 

Reduced levels of DNMT1 in Ames 
mice liver 

Lifespan 
extension/growth 
retardation through 
the IGF1 pathway 

 (Armstrong et al., 
2014) 

Premature 
aging mouse 
models 

Hypermethylation at rDNA and 
hypoacetylation on core histones 
H4 and H2B in Zmpste24 mice 

Premature aging 
and age-related 
pathologies: 
deregulation of 
lamin A network 

 (Oakes et al., 2003; 
Osorio et al., 2010) 

BUBR1 (acetylated by CBP and 
deacetylated by SIRT2) deficient 
mice 

Reduced lifespan, 
accelerated onset of 
age-related 
pathologies and 
accumulation of 
senescent cells 
(mitotic checkpoint 
response) 

Overexpression Sirt2 or 
treatment with NAD+ 

(Corrigan et al., 
2005) 

Overexpression of Sirt2 or NAD+ 
precursor treatment in BubR1 
mutant mice 

Increased BUBR1 
levels and median 
lifespan 

 (North et al., 2014) 

Senescent cell 
cultures 

Increase in H3K9me3, H3K27me3, 
HMGA  

Formation of SAHF  (Chandra et al., 
2012) 

Loss of EZH2 and H3K27me3 Upregulation of 
p16INK4a 

 (Bracken et al., 
2007) 

Loss of Lamin B1  Transcriptional 
downregulation and 
autophagic 
degradation of 
Lamin B1 with 
possible nuclear 
disorganization 

 (Dou et al., 2015; 
Shimi et al., 2011) 

Gains in H3K4me3 and H3K27me3 
over LAD and loss of H3K27me3 
outside LAD 

Activation of SASP 
genes and 
downregulation of 
cell-cycle genes  

 (Shah et al., 2013) 

Gains in H4K16ac at promoters of 
expressed genes mediated by 
HIRA 

Dynamic chromatin 
state with the 
maintenance of 

 (Rai et al., 2014) 



H4K16ac in 
senescent cells 

H3.3 in PML bodies Formation of SAHF   
Knockdown of BAZ1A  Upregulation of 

stress response 
genes 

 (Dang et al., 2014) 

Stem cells Broadening of H3K4me3 and 
H3K27me3 peaks, upregulated 
expression of repeat elements 

Reduction in TGFβ 
signaling and 
myeloid 
differentiation (HSC) 

 (Sun et al., 2014) 

Tissues Accumulation of macroH2A and 
HP1b in aging mouse and primate 
tissue 

Gain of 
heterochromatin 

 (Herbig et al., 2006; 
Kreiling et al., 2011) 

Promoter hypermethylation and 
global hypomethylation 

  (Day et al., 2013) 

Methylation clock    (Horvath, 2013, 
2015) 

Rate of change of the DNA 
methylome from human blood 

  (Hannum et al., 
2013) 
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Supplemental Table 2- Protocols for aging research 
Models Description Link/Reference 
Yeast Yeast cell sorting (Smeal et al., 1996) 

Mother enrichment program  (Lindstrom and Gottschling, 2009) 
Microdissection for 
replicative lifespan assays 

(Steffen et al., 2009) 

Chronological lifespan 
assays 

(Fabrizio et al., 2001) 

High throughput analysis of 
replicative lifespans using a 
microfluidic system 

(Jo et al., 2015; Liu et al., 2015; Zhang et al., 2012) 

High throughput 
chronological lifespan assays 
using a Bioscreen machine 

(Murakami et al., 2008) 

ChIP-seq (Sen et al., 2015) 
RNA-seq (Hu et al., 2014) 
RNA-seq for detecting 
cryptic transcription 

(Sen et al., 2015) 

Whole genome sequencing (Hu et al., 2014) 
MNase seq (Hu et al., 2014) 

Worm Worm lifespan 
measurement 

Journal of Visualized Experiments, Science Education Database. 
Essentials of Developmental Biology. Invertebrate Lifespan 
Quantification, 2015 

ChIP-seq http://www.wormbook.org/chapters/www_chromatinanalysis/chro
matinanalysis.html 

RNA-seq (Pu et al., 2015), (Sen et al., 2015) 
RNA-seq for detecting 
cryptic transcription 

(Sen et al., 2015) 

Fly Fly lifespan measurement Journal of Visualized Experiments, Science Education Database. 
Essentials of Developmental Biology. Invertebrate Lifespan 
Quantification, 2015 

ChIP-seq http://www.modencode.org/ 

RNA-seq (Daines et al., 2011) 
Killifish ChIP-seq (Harel et al., 2015) 

RNA-seq 
CRISPR-mediated gene 
knockout 

Mouse models ChIP-seq (Visel et al., 2009) 
RNA-seq http://www.mouseencode.org/ 

CRISPR-mediated gene 
knockout 

http://www.genome-engineering.org/crispr/ 

Cell cultures ChIP-seq (Shah et al., 2013) 
RNA-seq (Rai et al., 2014) 
CRISPR-mediated gene 
knockout 

http://www.genome-engineering.org/crispr/ 
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