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Study description

Research sample

All data used in this study are freely available. Normalized methylation values for each sample, along with sample metadata, are available from NCBI GEO as series
GSE164127 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE164127). The design of the Illumina microarray (HorvathMammalMethylChip40) is available
from the Gene Expression Omnibus (GEO) at NCBI as platform GPL28271 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL28271). Microarray probe
annotations for ten bat genomes are available from the Digital Repository at the University of Maryland (DRUM) at http://hdl.handle.net/1903/26373. Coefficients
from the penalized regressions used to estimate bat age for different taxonomic groups are available at https://doi.org/10.6084/m9.figshare.c.5257271.
Transcription factor databases used in this study are available as follows: TRANSFAC (http://gene-regulation.com/pub/databases.html), UniPROBE (http://
thebrain.bwh.harvard.edu/uniprobe/), HT-Selex (https://ccg.epfl.ch/htpselex/) and JASPAR (http://jaspar.genereg.net/downloads/). Source data for figures are
provided with this paper.

This study presents results from analyses of DNA methylation obtained from 712 unique samples of wing tissue DNA from 26
different species of bats of known age. Each sample was assayed with a custom microarray that measures relative methylation at
37,492 sites. Three sets of analyses are presented. The first utilizes elastic net regression to predict age from a subset of sites, i.e.
create an epigenetic clock. We illustrate the reliability of the clock using two cross-validation schemes, one which leaves one sample
out, and another which leaves one species out, while estimating age from the remaining samples. The second analysis compares the
rate of methylation change using a common set of 2000 age-associated sites against the maximum recorded lifespan for each of 23
species for which we had 10 or more samples using a linear model which controls for phylogenetic topology and branch lengths. The
final set of analyses involve several enrichment tests to determine if age or longevity sites or the genes they are near are distributed
nonrandomly in bat genomes with respect to genomic regions or predicted transcriptional regulators. We identified longevity sites
as those with a significant interaction (after BY multiple testing correction) between age and longevity class using data for 5 species
from two longevity classes: three long-lived species (Desmodus rotundus, Myotis myotis, and Rhinolophus ferrumequinum) and two
short-lived species (Molossus molossus and Leptonycteris curasoae). We identified age-associated sites as the 2000 most highly
significant sites from a meta-analysis of methylation versus age correlations for the 19 species with 15 or more samples.

To capture the age-related variation in DNA methylation profiles among bats, we obtained wing tissue samples from known-age
individuals from 26 different bat species (listed below). We selected this set of species based on their representation of the major
families within the order Chiroptera, the availability of a recorded maximum lifespan in the AnAge online database (https://
genomics.senescence.info/species/), and the availability of tissue samples from known-age individuals. We obtained tissue samples
from colleagues or coauthors who are either involved in long-term field work on marked individuals or keep captive populations of
bats. Although we aimed to have samples of both sexes for each species, this was not possible for all species due to the nature of the
long-term studies and limited sample availability. The following comma-delimited table, which also appears as Table 1 in the
manuscript, provides a summary of the samples for each species. Information includes: Source (F=field-caught, C=captive), number of
females (NF), number of males (NM), number of individuals with known exact ages (Exact), age of youngest sample (Yg), age of
oldest sample (Old), and the maximum recorded age for that species (Max age). Capture locations for field populations are listed
below in the Timing and Spatial Scale. Original capture locations for most captive populations is unknown.

Genus species (Family),Source,NF,NM,Exact,Yg,Old,Max age

Antrozous pallidus (V),F,21,2,1,0.2,7,14.8

Artibeus jamaicensis (Ph),C,3,0,2,11,13,19.2

Carollia perspicillata (Ph),C,17,15,32,0.2,10.5,17.0

Cynopterus brachyotis (Pt),C,6,4,10,6.7,12.9,13.0

Desmodus rotundus (Ph),C,27,17,41,0.3,17.3,29.9

Eidolon helvum (Pt),C,17,7,24,3.4,16.5,21.8

Eptesicus fuscus (V),C,18,41,59,0.3,18.3,23.0

Leptonycteris yerbabuenae (Ph),F,5,6,7,0.2,5,10.1

Molossus molossus (M),F,9,5,6,0.3,5.9,5.9

Myotis lucifugus (V),F,11,0,1,0.1,5,34.0

Myotis myotis (V),F,36,2,33,1,9,37.1

Myotis vivesi (V),F,11,6,4,0.1,2,10.0

Nyctalus noctula,F,3,0,2,0.9,2,12.0
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Sampling strategy

Data collection

Timing and spatial scale

Phyllostomus discolor (Ph),C,31,19,42,0.1,17.7,18.0

Phyllostomus hastatus (Ph),F,61,10,52,0.1,16.5,22.0

Pteropus giganteus (Pt),C,0,4,4,10.9,14.2,44.0

Pteropus hypomelanus (Pt),C,28,12,40,0.4,19.3,26.5

Pteropus poliocephalus (Pt),C,10,6,16,6.1,16.7,23.6

Pteropus pumilus (Pt),C,24,22,45,0.8,17.3,17.3

Pteropus rodricensis (Pt),C,12,7,19,4,20.9,28.0

Pteropus vampyrus (Pt),C,27,24,51,0.6,22.4,24.0

Rhinolophus ferrumequinum (R),F,40,0,39,0.1,21.1,30.5

Rhynchonycteris naso (E),F,6,16,15,0.1,6,8.5

Rousettus aegyptiacus (Pt),C,8,8,3,5,14,22.9

Saccopteryx bilineata (E),F,20,9,24,0.2,8.3,11.0

Tadarida brasiliensis (M),C,9,10,15,0.2,6.2,12.0

Because of the long-lifespan of bats and the difficulty of obtaining samples from known-age individuals, our sampling strategy was
largely opportunistic. However, in cases where more than 50 samples from known-age individuals were available we attempted to
include replicate samples at each age spanning the known lifespan of the species as much as possible. For some species we included
samples from individuals that were initially banded as adults but then recaptured and sampled many years later. These samples
were scored as minimum, rather than exact, age estimates. The number of minimum vs exact age estimates is also indicated in Table
1.

DNA for methylation profiling was extracted from 3 or 4 mm tissue punches taken from wing membranes by numerous individuals
(see table below). After bisulfite conversion and labeling of the DNA, methylation profiles were obtained by hybridizing labeled DNA
to a custom Illumina methylation array (HorvathMammalMethylChip40) and scanning with an Illumina iScan at the UCLA
Neuroscience Genomics Core.

Species;Tissue source Author Initials;DNA isolation Author Initials

Antrozous pallidus; BDA; BDA

Artibeus jamaicensis; BP; DMA

Carollia perspicillata; NJF; DMA

Cynopterus brachyotis; BP; DMA

Desmodus rotundus; GGC; GGC

Eidolon helvum; BP; DMA

Eptesicus fuscus; LNC, AVG, HCB, PAF, LJG; DMA

Leptonycteris yerbabuenae; DZM, RAM; DMA

Molossus molossus; DKND; DMA

Myotis lucifugus; GSW; DMA

Myotis myotis; ECT; MLP

Myotis vivesi; ERH; DMA

Nyctalus noctula; DKND; DMA

Phyllostomus discolor; SCV, EL; EL, PD

Phyllostomus hastatus; GSW, DMA; GSW, DMA

Pteropus giganteus; BP; DMA

Pteropus hypomelanus; BP; DMA

Pteropus poliocephalus; BP; DMA

Pteropus pumilus; BP; DMA

Pteropus rodricensis; BP; DMA

Pteropus vampyrus; BP; DMA

Rhinolophus ferrumequinum; RR, GJ, MLP; MLP

Rhynchonycteris naso; LG, MN, FM; LG, MN, FM

Rousettus aegyptiacus; BP; DMA

Saccopteryx bilineata; MK, MN, FM; MN, FM

Tadarida brasiliensis; A. Loller; DMA

The table below provides the location and time of sample collection for each species. Samples were collected opportunistically during
field studies when previously banded individuals were recaptured.

Species; Location of tissue collection; Time of collection (years); approximate spatial scale (if known) in square km for collection sites.

Antrozous pallidus; "44.94°N, 120.38°W"; 2005-2008; 25

Artibeus jamaicensis; "Gainesville, FL"; 2007;2011; unknown

Carollia perspicillata; "Kerzers FR, Switzerland"; 2018; unknown

Cynopterus brachyotis; "Gainesville, FL"; 2007;2011; unknown

Desmodus rotundus; "Bloomfield Hills, MI; UMD"; 2010-2014; unknown

Eidolon helvum; "Gainesville, FL"; 2006;2007;2011; unknown

Eptesicus fuscus; "Rootstown, OH"; 2018-2019; unknown

Eptesicus fuscus; "Hamilton, ON, Canada"; 2020; unknown

Leptonycteris yerbabuenae; "31°38'51.6"" N, 113°28'53.5"" W"; 2019, 1

Molossus molossus; 09°07’ N 79°41’ W; 2013-2016, 10

Myotis lucifugus; "39°12’N, 76°04’W", 1996, 1

Myotis myotis; "47°35’N, 2°14’W"; 2013-2018, 1
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Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions

Location

Access & import/export

Myotis vivesi; "29°03’N, 113°00’W"; 2015, 2018; 1

Nyctalus noctula; "47.649928° N, 9.186123° E"; 2013-2015, 10

Phyllostomus discolor; "Munich, Germany"; 2018; unknown

Phyllostomus hastatus; "10.4711°N, 61.1958°W"; 1990-2018, 200

Pteropus giganteus; "Gainesville, FL"; 2006;2011; unknown

Pteropus hypomelanus; "Gainesville, FL"; 2007;2009-2011; unknown

Pteropus poliocephalus; "Gainesville, FL"; 2011; unknown

Pteropus pumilus; "Gainesville, FL"; 2006-2013; unknown

Pteropus rodricensis; "Gainesville, FL"; 2006-2014; unknown

Pteropus vampyrus; "Gainesville, FL"; 2006-2017; unknown

Rhinolophus ferrumequinum; "51.7107°N, 2.2777°W"; 2016-2018, 10

Rhynchonycteris naso; "10° 25' N, 84° 00'W"; 2005-2016, 10

Rousettus aegyptiacus; "Gainesville, FL"; 2006;2011-2013; unknown

Saccopteryx bilineata; "10° 53' N, 85° 46' W; 9° 9' N/79° 51' W"; 2005-2016, 10 Costa Rica, 5 Panama

Tadarida brasiliensis; "Weatherford, Texas"; 2019; ; unknown

We excluded 24 samples that had insufficient DNA to provide reliable methylation values. We discovered that samples with
concentrations below 6 ng/µl could not be accurately scored at all sites on the array. We also did not include samples in clock
estimates unless the age was exact or we had independent evidence, such as teeth wear, that the minimum age was likely close to
the exact age. We excluded 42 samples for this reason.

We used two cross-validation schemes to assess the reproducibility of the elastic net regression estimate of age from DNA
methylation, i.e. the epigenetic clock. Results from these analyses are presented as figure 1a and figure 1b in the manuscript.

We repeated the analysis of the relationship between epigenetic stability and maximum recorded lifespan 10 times using the ranked
list of age-associated sites and including different numbers of sites from 5 to 10,000. The qualitative pattern did not change.

We conducted separate enrichment analyses for up to four different species using probes mapped in the genome of each of those
species. We present results from one species in the text and from one or more additional species in the Supplementary Figures.

All attempts at replication were successful in that the patterns reported in the ms were obtained.

This is an observational study, so randomization is not relevant. However, we attempted to randomize samples with respect to age,
sex, and species when filling 96-well plates for methylation profiling.

Blinding was not relevant to our study, because this is an observational study and all available data were used.

Wing tissue samples were obtained from known-age individuals of 11 species in the wild. Details on how individuals were captured
are provided for each of those species in the Supplement. In all cases, bats were captured inside or as they departed from roosting
sites, such as caves, attics, or trees. Climatic conditions vary widely among the field sites and weather conditions were not
systematically recorded for this study as they are not immediately relevant. Animals in captivity are either kept in outdoor enclosures
with temperature-controlled roosting sites in Florida, or in indoor facilities maintained at room temperature.

The table below provides the location and time of sample collection for each species sampled in the field.

Species; Location of tissue collection; Time of collection (years)

Antrozous pallidus; "44.94°N, 120.38°W"; 2005-2008

Leptonycteris yerbabuenae; "31°38'51.6"" N, 113°28'53.5"" W"; 2019

Molossus molossus; 09°07’ N 79°41’ W; 2013-2018

Myotis lucifugus; "39°12’N, 76°04’W"; 1996

Myotis myotis; "47°35’N, 2°14’W"; 2013-2018

Myotis vivesi; "29°03’N, 113°00’W"; "2015, 2018"

Nyctalus noctula; "47.649928° N, 9.186123° E"; 2013-2015

Phyllostomus hastatus; "10.4711°N, 61.1958°W"; 1990-2018

Rhinolophus ferrumequinum; "51.7107°N, 2.2777°W"; 2016-2018

Rhynchonycteris naso; "10° 25' N, 84° 00'W"; 2005-2016

Saccopteryx bilineata; "10° 53' N, 85° 46' W; 9° 9' N/79° 51' W"; 2005-2016

Below we provide information on permits that were obtained by each investigator to capture, mark and sample wild bats. We
imported bat tissues under CDC permits 2018-04-063, 2018-06-009 and 20200205-0437A and APHIS permit 26136. Note that some
investigators shared extracted DNA rather than tissue, so no import permits were required.

Antrozous pallidus; bat capture and sampling conducted with permission of the Pine Creek Conservation Area, the Oregon
Department of Fish and Wildlife (permit 081-95), and the John Day Fossil Beds National Monument, National Park Service (permit
JODA-2005-SCI-0003).

Leptonycteris yerbabuenae; bat capture and sampling conducted under permit SGPA/DGVS/06361/17 issued to RAM by The Ministry
of Environment and Natural Resources, Mexico

Molossus molossus; bat capture and sampling conducted under permits SE/A-112-13, SE/A-73-14, SE/A-95-15, and SE/A-32-17 issued
to DKD from the Autoridad Nacional del Ambiente in Panama

Myotis lucifugus; bat capture and sampling conducted under permit SCO-30403 issued to GSW from the Maryland Department of




