) 2\ |z u o
Coriell MLS passage| 2 |2 | 2| 1 sle|D|T|le|D|Ta
Common species name Latin species name Source | number (if Age €l 0| 1 Qe |n|w clels]|ele | n
- (yrs) Number|e (@ | | |G [P |@|e|>|r|o]|>
applicable) =l e 2l oM |O]|®]|x
NI w|® w [¢]
Common Marmoset Callithrix jacchus "zihl?n“;e - 165 3 410 [ x|x|x x| x| x x| x| x
Southern Lesser Galago moholi Coriell | PRO0519 | 16.6 8 16 |x|x|x]|x x| x
Bushbaby
Coquerel's Mouse Lemur Mizra coquereli Coriell PR01044 17.4 11 12 X | X X
Pygmy Marmoset Callithrix pygmaea Coriell PR00839 18.6 5 8-11 X | X X X X[ X[ X
Pygmy Marmoset Callithrix pygmaea Coriell PR00644 18.6 6 6 X
Red-bellied Lemur Eulemur rubriventer Coriell PR00273 20 7 7-11 X | X X | X| X X[ X|X
Red Tamarin Saguinus midas Coriell PR00550 20.5 5 7-15 X | X|X X|X| X X
Noisy Douroucouli Aotus vociferans Coriell PR00636 221 16 7-8 X X[ X]| X|X X[ X[ X
L'Hoest's Monkey Cercopithecus lhoesti| Coriell PR01126 241 2 11-13 X X[X|X|X|X X[ X [ X
Red Titi Callicebus cupreus Coriell PR0O0793 26.4 6 8-13 X XXX |X X[ X [ X
Olive Baboon Papio anubis Coriell PR00033 275 3 5-11 X X | X X | X|X X | X
Patas Monkey Erythrocebus patas Coriell AG06254 | 28.3 20 9 X
Squirrel Monkey Saimiri sciureus Coriell PR00612 30.2 6 10-11 | X | X[ X | X[ X [X X XX [X
White (Verreaux's) Sifaka Propithecus Coriell | PR00326 | 305 9 5 X X X
verreauxi
In-house M 411
Vervet Chlorocebus aethiops ) - 30.8 9 3-5 X|IX[X[X[X[X]|X|X[X[X]|X]|X
(3lines) 9 9
Common Woolly Monkey | Lagothrix lagotricha Coriell AG05356 32 17 15-20 | X| X | X X | X X X[ X[ X
Colobus Monkey Colobus guereza Coriell PR00096 35 5 15 X
Guianan Saki Pithecia pithecia Coriell PR00239 36 9 11 X | X X X X
Ring-tailed Lemur Lemur catta Coriell PR00126 37.3 9 14 X
Hamadryas Baboon Papio hamadryas In-house - 375 5 29 I x| x| x| x|x|x|x|x]|x]|x|x
(2lines) 6 7
) ) In-house 6 4-6
Cynomolgus Macaca fascicularis 2 lines) - 39 6 5.7 X | X X| X[ X[|X[X][X
In-house 5 7
Rhesus Macaque Macaca mulatta ) - 40 4 12-14 | X | X | X X | X X | X|[X|X
(3lines) 2 9
Mandrill Mandrillus sphinx Coriell PR00399 40 12 6-15 X X| X
Red-capped Mangabey |Cercocebus torquatus| Coriell PR00485 46 8 12
Bonobo Pan paniscus Coriell PR00236 55 22 6-11 X | X X X X| X
Bonobo Pan paniscus Coriell PR00235 55 28 18-20 X X | X
Gorilla Gorillagorilla Coriell PR0O0055 55.4 12 10-18 | X | X | X X[ X]| X|X X | X| X
Gorilla Gorillagorilla Coriell PR00279 55.4 23 15-23 | X[ X | X[ X[ X|X[X|X|X]|X]|X]|X
White-handed Gibbon Hylobatus lar Coriell PR01131 56 5 7-10 X[ X|X|X X[ X X [ X
Orangutan Pongo pygmaeus Coriell PR01107 59 11 11-19 X|X|X[X[X|X[X]|X]|X]X]|]X
Chimpanzee Pan troglodytes Coriell PR00175 59.4 12 13 X|X|X X| X| X[ X[X]|X] X
Chimpanzee Pan troglodytes Coriell PR00115 59.4 13 12-15 X X[ X[ X X | X
Human Homo sapiens Coriell GMO03651 | 1225 25 16 X[ X[X X X[ X]|X
Human Homo sapiens Coriell GMO01948 | 1225 27 9 X X | X
Human Homo sapiens Coriell GMO03652 | 122.5 24 16 X X

Supplemental Table 1. List of cell lines used




Two-Way ANOVA

PSMBS Proteasomal Activity PSMB5

df F Sig df F Sig df F Sig

Rapamycin 1,12 80230 «0.001 112 7348 0.018 112 0171 0.686

Sex 1,12 29709 <0.001 1,12 5348  0.039 1,12 13348 0.002

Faparnycin x Sex 1,12 3682 0.080 1,12 0 B04 0452 112 9.726 0.009

Snell 1,20 5140  0.007 1,20 1834 0191 1,20 12530  0.020

Sex 1,20 1659 0212 1,20 1778 0197 1,20 3.150  0.091

Snell x Sex 1,20 0670 0423 1,20 2280 0.147 1,20 4151 0.055

17 -u-Estradiol 1,12 11281  0.006 1,12 2742 0124 1,12 3952  0.070

Sex 1,12 B4 941 «0.001 112 1443 0253 112 21078 0.001

17-0-Estradiol x Sex | 1,12 0111 0.745 1,12 1167 0.301 1,12 0.363 0.558

NDGA 1,44 14214 <0001 144 10408  0.002 1,12 0.051 0.825

Sex 1,44 17 966 <0.001 144 16499 <0.001 1,12 1547 0237

NOGA x Sex 1,44 4 /99 0.036 144 £.988 0.011 112 1.070 0.321

Least Significant Difference Post-Hoc Test
PSMBS Proteasomal Activity PSMB5
Mean Std. Si Mean  Std. Si Mean Std. Si
Diferenc Error 9 |Diferenc Error 9 Diference Error g
c Male Control  Male Drug +67.7 271 0.029 +224 161 0189 282 1.3 0.028
(2]

’E Male Control  Fernale Control|  +135 271 =0001) +175 161 0289 -840 11.3 0.2589
§ Female Control Female Drug | +141 271 <0001 | +401 161 0.028 +216 11 0.08
o Wale Drug Fernale Drug +B7.7 271 =0001) +352 161 0049 -4.27 1.1 0712
Male Contrel  Male Snell +87.4 322 0013 +513 253 0056 +233 59.3 0.001
3 Male Control  Fernale Control|]  +47.9 322 0152 +510 253 0058 +11.0 593 0.B&5
& Female Contrel Female Snell | +50.1 322 0135 279 253 0913 +63.0 59.3 0.301
Male Snell Fermnale Snell +10.7 322 0743 -3.16 253 0902 +159 593 0.014
-_g Male Control  Male Drug +67.7 226 0023 +210 108 0.08 -269 14.7 0.092
% Wale Control  Fernale Control|  +135 226 =0001) +175 108 0133 -840 147 0.003
"'t-“J Female Control Female Drug | +48.3 226  0.054 +442 108 0691 -14.4 147 0.346
';:' Wale Drug Femnale Drug +124 226 =0001| -083 108 08533 415 147 0015
Male Control  Male Drug +358 141 0.014 +465 112 «<0.001 +457 513 0.390
g Male Control  Fernale Control|  +92.3 141 0515 -11.2 112 0.321 -7.60 51.3 0885
% Female Control Female Drug +504 141 0.001 +4.61 112 0682 293 51.3 0.578
Wale Drug Fermnale Drug -239 141 0.086 -632 11.2 =000 -82B 51.3 0133

Supplemental Table 2. Two way ANOVA and post-hoc analyses for mouse liver tissue
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Supplemental Figure 1. Proteolytic activity in fibroblast lysates increases with lifespan among species of primates.

(A) Scatterplot of Suc-LLVY-AMC degradation during incubation with cell lysate from different primate species in the
absence of ATP. (B) Scatterplot of Suc-LLVY-AMC degradation in lysates supplemented with 0.25mM ATP. Error bars if
present represent the SEM of two cell lines derived from independent animals. MLS = Maximum Species Lifespan in
years. Response from one cell-line of human fibroblasts is shown with an “H”, but is not included in statistical analysis.
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Supplemental Figure 2. Fibroblasts from longer lived species of primates have greater 20S proteasome activity (A-D)
Scatterplots of 4 independent experiments using different independent sets of primate species. Proteasome activity
measured in a Native polyacrylamide gel using an in-gel overlay by Suc-LLVY-AMC. (E) Combined data from the 4
scatterplots. (F) Re-plot of Figure 1B in which three outliers (shown with arrows in panel E) were removed. Removal of
these datapoints does not change any of the conclusions drawn from this data. Results for human cell-lines are shown
with an “H” but are not included in statistical analysis.
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Supplemental Figure 3. Fibroblasts from longer lived species of primates have a significant elevation in PSMB8 levels but no significant lifespan
association in levels of PSMB5. (A) Representative immunoblot. Samples were run on a SDS polyacrylamide gel, and then developed using antibodies
against PSMB5 (standard proteasome specific subunit), PSMB8 (immunoproteasome specific subunit) or PSMB4 as a measure of total proteasome. (B)
Scatterplot of PSMB5 level adjusted to total protein. (C) Scatterplot of PSMB5 level adjusted to PSMB4. (D) Scatterplot of PSMB8 level adjusted to total
protein. (E) Scatterplot of PSMB8 level adjusted to PSMBA4. Error bars if present represent the SEM of 2 cell lines derived from independent animals. MLS
= Maximum lifespan in years.

The Red-capped Mangabey (indicated with an arrow) was considered an outlier in panels A & B. Removal of this datepoint did not change the conclusions
of these panels. With the removal of the Red-capped Mangabey no significant correlation was observed between PSMB5 and lifespan in either panel A (R?
=0.01 p =0.74) or panel B (R2=0.01 p =0.69).



Protein PSMB5 PSMB8 PSMB4

Antibody name: ab3330 ah3329 ab166792
Epitope: IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE
Marmoset (mls 16.5) IRVSSDNVADLHEKYS ---NVSDLLHRYREA QIATVTEKGVE
Galago (mls 18.3) IRVSSDNVADLHEKYS ESTDVSDLLHQYWEA QIATVTEKGVE
Olive baboon (mls 27.5) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA | QIATVTEKGVE
Squirrel Monkey (mls30.2) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA | QIATVTEKGVE
Cynomolgus (mls 39) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE
Rhesus Macaque (mls 40) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA | QIATVTEKGVE
Gibbon (mls 44.1) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE
Bonobo (mls 55) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE

Gorilla (mls 55.4) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA | QIATVTEKGVE |

Orangutan (mls 59) IRVSSDNVADLHEKYS ESTDVSDLLHQYQEA | QIATVTEKGVE
Chimpanzee (mls 59.4) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE
Human (mls 122.5) IRVSSDNVADLHEKYS ESTDVSDLLHQYREA QIATVTEKGVE
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Supplemental Figure 4. (A) Antibody binding epitope based on NCBI sequence data. (B) Custom peptide sequences
were produced by thermo scientific. Peptides were subjected to a direct ELISA assay and screened by an antibody to
PSMBS8. Binding was quantified using a TMB substrate



PSMBS8 partial mMRNA sequence

Forward Primer

PSMB5 partial mMRNA sequence

Human attaacecttacctgettggeaccatgtetggetgtgeageagactgteagtactgggag Human ggcaatgtcgaatctatgagettegaaataaggaacgcatetetgtageagetgecteca
Bonobo attaa ttg :atgtctggetotgeageagactgteagtactgggag Gorilla ggcaatgtegaatctatgagettegaaataaggaacgeatetetgtageagetgecteeca
Chimpanzee attaacecttacctgettggeaccatgtetggetetgeageagactgteagtactgggag Chimpanzesa ggcaatgtegaatctatgagettegaaataaggaacgecatectetgtageageotgecteea
ga“g“'l"a“ at::‘:c‘:"'t‘acc"'gc“gqc‘acc‘a"'gt‘:tg‘?‘:tg:gcagcag“ :‘3:‘: ag:: C:‘“‘?a‘? Bonobo ggcaatgtogaatctatgagottogaaataaggaacgoatctotgtagoagotgocteea
nomolgus a ttacctgettggeacecatgtetggetgtgecageagactgteagtactgggag
Gorilla attaacoottASStIatEygaanaatat ot ggotgtgoagoagactgtaagtactgggag Gibbon ggcaatgtegaatctatgaacttegaaataaggaacgeatctetgtageagetgecteea
Gibbon attaacccttacctgettggeaceatgtotggetgtgcageagactgtcagtactgggag Rhesus macague ggcaatgtcgaatctatgagettcocgaaataaggaacgeatctcotgtageagetgectoea
Baboon attaa ttacctgettggeaceatgtetggetgtgeageagactgteagtactgggag Baboon ggcaatgtegaatectatgagettegaaataaggaacgecatctetgtageagetgecteea
Vervet attaacccttacctgettggeaceatgtotggetgtgoageagactgteagtactgggag Varvet ggcaatgteggatectatgagetteogaaataaggaacgoatetetgtageagetgecteoca
Galago attaa 7 tetggetyg gactgteagtactgggag Orangutan caatgtcgaatctatgagettogaaataaggaacgcatetotgtageagetgecteea
Marmoset attaacccttacctgeottggeaccatgtetggttgtgeageagactgteagtactgggag Tangu g9 gteg gag og ggaacy gtageagetg
EAFRRRAAAAARRRAA AR ARRA AR ARAAT & RAAIAE AR A AAAERRIR AT R Marmoset ggcaatgtegaatctatgagettegeaataaggaacgeatetetgtageagetgecteca
Galago gtcaatgtegaatctatgagetecgaaataaggagegeatectetgtageagetgecteta
Human cgectgetggecaaggaatgcaggctgtactatetgegaaatggagaacgtattteagtyg F OREEREAAAE KRKARAAE KK AR RARREREE AR ARRAARAAAAAKARARAAAN &
Bonobo egectgetggecaaggaatgcaggetgtactatetgegaaatggagaacgtattteagtg - 4 pri
Chimpanzee cgectgetggecaaagaatgeaggetgtactatetgegaaatggagaacgtattteagty orward Frimer
Orangutan cgectgetggecaaggaatgeaggetgtactatetgegaaatggagaacgtattteagtg
Cynomolgus cgectgetggecaaggaatgeaggetgtactatetgegaaatggagategtat ttcagtg Hum aactgocttgocaacatggtgtatcagtacaaaggcatggggetgtecatgggeaccatga
Gorilla cgeoctgetggecaaggaatgcaggetgtactatetgegaaatggagaacgtattteagty Gorilla aactgcttgccaacatggtgtateagtacaaaggeatggggetgteccatgggeaccatga
Gibbon cgectgetggecaaggaatgcaggotgtactatctgegaaatggagaacgtattteagty Chimpanzee aactgettgocaacatggtgtatecagtacaaaggeatggggetgtecatgggeaceatga
Baboon cgectgetggecaaggaatgeaggetgtactatttgegaaatggagategtattteggty Bonobo aactgocttgocaacatggtgtatcagtacaaaggeatggggetgteccatgggeaceatga
Vervet cgoctgotggocaaggaatgoaggotgtactatotgegaaatggagategtatttcagty Gibbon aactgettgocaacatggtgtateagtacaaaggeatggggetgtecatgggeaccatga
Galago cgtotgttggecaaggagtgtaggotgtactatotgeggaatggggagegeatoteegte Rh £ tat ta t t
Marmoset egectgetggecaaggaatgeaggetg tactatctgeggaatggagaacgcat ttcagty esus macaque aactgcttgccaacatggtg cagtacaaaggcatggggctgtccatgggeaccatga
HE KRE RRAARKE AH_ KE_ RAE KRARAAE | ARAE KARRE KK KR KK AR k¥ Baboon aactgettg tggtgtatcagtacaaaggeatggggetgtecatgggecacecatga
Vervet aactgocttgocaacatggtgtatcagtacaaaggcatggggetgtecatgggeaccatga
Human teggeagoctecaagetgetgtocaacatga tgtgecagtaceggggeatgggectetet Orangutan aactgottgocaacatggtgtatcagtacaaaggeatggggetgtecatgggeaceatga
Bonabo teggeagectecaagetgetgtecaacatgatgtgecagtaceggggeatgggectetet Marmoset agetgettgocaacatggtgtatcagtacaaaggeatggggotgtecatgggeaceatga
Chimpanzee teggeagoctecaagetgotgtocaacatgatgtgecagtaccggggeatgggectetet
Orangutan tcggoagoctecaageotgetgtaocaacatgatgtgecagta geatgggectetet Galago aactgocttgocaatatggtgtatcagtacaaaggcatggggetgtecatgggeaccatga
Cynomolgus teggeagectecaagetgetgtacaacatgatgtgecagtaceggggeatgggectetat * khkkk Ak kdkkkdk AhkkA A Ak A A Ak A A A A A A A d A drh A h kA h Ak kR ko
Gorilla teggeagectecaagetgotgtocaacatgatgtgecagtaccggggeatgggectetet
Gibbon teoggoagoctooaagotgotgtocaacatgatgtgocagtacoggggeatgggoctotot
aboon Coageagentocans tqc‘::tc wcatqﬁ:;:::::guc ngggu:ggg:s:::s: Human tetgtggetgggataagagaggecctggectetactacgtggacagtgaagggaacegga
ek o g M
Galage teageagectecaaactact ctecaacatga tgtgecagtaceggggea taggecte tee GO.I:I.].]. a toctgtggetgggataagagaggceccaggectetactacgtggacagtgaagggaacegga
Marmoset tcegeagectecaage tgetgtecaacatga tgtgecagtaceggggeatgggectetet Chimpanzee tctgtggetgggataagagaggecctggectectactacgtggacagtgaagggaacegga
A RAATRRAARRR A F AR AR AR AR AR A A R AR AT RN AT RN AN dr Bonobo tctgtggctgggataagagaggccctggcctctactacgtggacagtgaagggaacogga
Gibbon tetgtggetgggataagagaggecetggectetactacgtggacagtgaagggaacegga
Human atgggcagtatgatetgtggcetgggataagaagggtcotggactetactacgtggatgaa tacta
Bonobo atgogcageatgatotgtggotgggataagaagggtoctggactetactacatagatcaa Fhesus macagque tctgtggctgggataagagaggccctggectetactacgtggacagtgaagggaacocgga
Chimpanzes atgggcageatgatetgtggotgggataagaagggtectggactotactacgtggatgaa Baboon totgtggetgggataagagaggecctggectetactacgtggacagtgaagggaacegga
Orangutan atgggcagtatgatetgtggetgggataagaagggtoctggactetactacgtgaatgaa Vervet tctgtggetgggataagagaggcoctggectetactacgtggacag tgaagggaaccgga
Cynomolgus atgggcagcatgatetgtggetgggataagaagggtectggactetactacgtggatgaa Orangutan totgtggetgggataagagaggecctggectetactacgtggacagtgaagggaacegga
g?;;il - atgggoag tatgatetgiggetygyataagragggtectggactotactacgtggatgan Marmoset tetgtggcetgggataagagaggecctggectetactacgtggacagtgaagggaacegga
1 n ataggcagtatgatetgtggetgggataagaagggtectggacteotactacgtggatgaa
Baboon atgggeagoatsatotgtyyetygyataagasgygtotygactetastactygatyaa Gatage bt e TR e
Vervet atgggeagtatgatotgtggttgggataagaagggtootggactotactacgtggatgaa pLLLLALLLALLER LU . .
Galago atgggcagtatgatctgtggetg gtcctggactctactatgtaaatgaa Reverse Primer
Marmoset atgggcagtatgatctgtggctgggataagaagggtectggactctactatgtggatgaa
HE AR AER AAARRAAARAT AR AAE ARAA AR AAAA AR A AR Ak A H\l tttcagg’ggccaccttctctgtaggttctggctctgtgtatgcatatggggtcatggatc
Human catgygactosHEEEoREgIRR Rt EESESaRBygy tag tgggancaata tgactaa (301.:‘1113 tttecaggggocaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Bonobo catgggactcggetetcaggaaatatgttotocacgggtagtgggaacacttatgectac Chimpanzee ttteaggggocaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Chimpanzea catgggacteggotetcaggaaatatgttetecacgggtagtgggaacacttatgectac Bonobo tttecaggggocaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Orangutan cacgggacteggeteteaggaaatatgttetecactggtagtgggaacgettatgectac Gibbon tttcaggggotaccttotetgtaggttotggetetgtgtatgegtatggggteatggate
Cynouﬁilg'us catgggacteggeteteaggaaatatgttotocactggtagtgggaacacttatgoctac Rhesus macagque tctecaggggccaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Gorilla catgggacteggeotetcaggaaatatgttotocacgggtagtgggaacacttatgectac
Gibbon catgggantogsiiuREECaRMC AN, -t gagaacacttatgoctan Baboon toctecaggggocaccttetetgtaggttetggetotgtgtatgegtatggggteatggate
Baboon catgggacteggototeaggaaatatgttotocactggtagtgggaacacttatgoctac Vervet teteaggggecaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Vervet catgggactcggetocteaggaaatatgttetecactggtagtgggaacacttatgectac Orangutan tttocaggggocaccttetetgtaggttetggetetgtgtatgegtatggggteatggate
Galago aatggaacteggetetcaggaaatatgttetecactggtagtgggaacacttatgectat Marmoset totcaggggocacattotetgtaggttetggetetgtgtatgegtatggggteatggate
Marmoset aatgggacteggeteteaggaaatatgtictecactggtagtgggaacacttatgoctac Galago totecaggggecaccttetetgtaggttetggetetgtgtatgettatggagteatggate
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Supplemental Figure 5. PSMB8 and PSMB5 primer sequences. Sequence homology was determined through comparisons of primate sequences
available on NCBI. These included: Humans (Homo sapiens), Gorilla (Gorilla gorilla), Chimpanzee (Pan trogloytes), Bonobo (Pan paniscus),
Orangutan (Pongo abelii), Gibbon (Hylobatus leucogenys), Rhesus macaque (Macaca mulatta), Cynomolgus (Macaca fascicularis), Baboon (Papio
anubis), Squirrel monkey (Saimiri boliviensis), Vervet (Chlorocebus sabaeus), Marmoset (Callithrix jacchus) and Galago (Otolemur garnettii). The set
of species for which mRNA data was available was not consistent between genes. The Tarsier (Tarsius syrichta) sequence was not included as none
of the primate species assayed in this paper were found on that branch of the primate phylogeny. The “*” symbol was used to represent nucleotides
that are completely conserved between the species assayed.
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IFNGR2 antibody (ab175878) epitope

Family Species DSSPKDDVWDSVSIISFPEKEQEDVLQTL
Galagonidae Galago (mls 18.3) NNSPKDDAWDSVFIVSFPEKEHEHVLQTL
Pitheciidae Red-bellied Titi (mls 26.4) DSSPKDDVWDSVSIISLPEKGQEDVLQT

Cercopithecidae

Olive Baboon (mls 27.5)

DSSPKDDVWDSVSIISFPEKEQEDVLQTL

Cercopithecidae

Vervet (mls 30.8)

DSSPKDDVWDSVSIISFPEKEQEDVLRTL

Cebidae

Squirrel Monkey (mis30.2)

DSSPKDDVWDSVSIILFPEKEQEDVLQT

Cercopithecidae

Cynomolgus (mls 39)

DSSPKDDVWDSVSIISFPEKEQDDVLQTL

Cercopithecidae Rhesus Macaque (mls 40) DSSPKDDVWDSVSIISFPEKEQDDVLQTL
Hominidae Bonobo (mis 55) DSSPKDDVWDSVSIISFPEKEQEDVLQTL
Hominidae Orangutan (mls 59) DSSPKDDVWDSVSIISFPEKEQEDVLQTL
Hominidae Chimpanzee (mls 59.4) DSSPKDDVWDSVSIISFPEKEQEDVLQTL
Hominidae Human (mls 122.5) DSSPKDDVWDSVSIISFPEKEQEDVLQTL
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Supplemental Figure 7. (A) Antibody binding epitope based on NCBI sequence data. (B) Custom peptide sequences were
produced by Thermo Scientific. Antibody binding affinity for New World monkeys and Galagos (not shown) was very different

0.25 0.5 1

Peptide loading {pg/ml)

2

from that of Old World monkeys, Baboons and Great Apes as a result these groups were not used in measurements of

IFNGR2. Peptides were subjected to a direct ELISA assay and screened by an antibody to IFNGR2. Binding was quantified

using a TMB substrate.




IFNGR2 partial sequence

Human
Chimpanzee
Vervet

Baboon
Cynomolgus
Orangutan
Bonobo

Rhesus Macaque
Squirrel Monkey
Gorilla

Galago

Human
Chimpanzea
Varvet

Baboon

Cynomo lgus
Orangutan
Bonobo

Rhesus Macaque
Squirrel Monkey
Gorilla

Galago

Human
Chimpanzee
Vervet

Baboon

Cynomo lgus
Orangutan
Bonobo

Rhesus Macaque
Squirrel Monkey
Gorilla

Galago

Human
Chimpanzea
Vervet

Baboon
Cynomolgus
Orangutan
Bonobo

Rhesus Macaque
Squirrel Monkey
Gorilla

Galago

Supplemental Figure 8. IFNGR2 primer sequence. Sequence homology was determined through comparisons of primate sequences available on NCBI.
These included: Humans (Homo sapiens), Gorilla (Gorilla gorilla), Chimpanzee (Pan trogloytes), Bonobo (Pan paniscus), Orangutan (Pongo abelii), Gibbon
(Hylobatus leucogenys), Rhesus Macaque (Macaca mulatta), Cynomolgus (Macaca fascicularis), Baboon (Papio anubis), Squirrel Monkey (Saimiri
boliviensis), Vervet (Chlorocebus sabaeus), Marmoset (Callithrix jacchus) and Galago (Otolemur garnettii). The set of species for which mRNA data was
available was not consistent between genes. The Tarsier (Tarsius syrichta) sequence was not included as none of the primate species assayed in this paper

were found on that branch of the primate phylogeny. The “*” symbol was used to represent nucleotides that are completely conserved between the species

assayed.

Forward Primer
ctgtacaacgeoagagcaggtectgagttgggagecagrggoocotgageaatagoacgagg
ctgtacaacgoagagcaggtoctgagttgggagecagtggocotgageaatagoacgagg
ctgtacaacgecagagecaggtectgagttgggagecagtggeectgageaatagecacaagg
ctgtacaatgeoagagecaggtectgagttgggagectgtggecetgageaatageacaagg
ctgtacaacgcagagcaggtectgagttgggageecggtggecotgagecaatagecacaagg
ctgtacaacgecagagecaggtectgagttgggagecagtggecctgageaatageacgagg
ctgtacaacgcagagcaggtectgagttgggagecagtggecctgageaatageacgagg
ctgtacaacgecagagcaggtectgagttgggagecggtggecctgagecaatagecacaagg
ctgnntaaggecagagcaggtectgagttgttagecagtggeecctgagecaatggecacgagg
ctgtacaacgcagagcaggtectgagttgggagecagtggecotgagecaatagecacgagg
ctgtacaacgocaageaggttetgagttgggagecagtggecetgageaatgacacaagg
HRE KK kR RKAKRAT AAAKKKIAT KK XT KR AAKKAAIRANT AT RAK AN

cctgttgtctaccaagtgecagtttaaatacaccgacagtaaatggttcacggeccgacate
cctgttgtotaccgagtgeagtttaaatacacegacagtaaatggttecatggecgacate
cectgttgtectacegagtgeagtttaaatacacegatagtgaatggtteatgacegacate
cctgttgtotaccgagtgecagtttaaatacaccgatagtgaatggtteatgaccgacate
cctgttgtctaccgagtgecagtttaaatacaccgatagtgaatggttcatgaccgacate
cctgttgtctaccaagtgecagtttaaatacaccgacagtaaatggttcatggeccgacate
cctgttgtotaccgagtgeagtttaaatacacegacagtaaatggttecatggecgacate
cctgttgtoctacegagtgeagtttaaatacacegatagtgaatggttecatgaccgacate
cctgtggtotategggtgcagtttaaatacaccaacagtgaceggetettggecgacate
cctgttgtctaccgagtgeagtttaaatacaccaacagtaaatggttcatggecgacate

ccggtggtctacegggtacagtataaatacacatttagtgattggteccgacattgacate
ok kk hkkokkk ok kk kkkdk Ak kkkkd ok JEEE ok kk RRETIEEtS

atgtecataggggtgaattgtacacagatecacageaacagagtgtgactteactgecgee
atgtccataggggtgaattgtacacagatcacagecaacagagtgtgactteactgetgec
atgtccataggggtgaattgtacacagatcacagecaacagagtgtgacttecactgeogee
atgtccataggggtgaattgtacacagatcacagecaacagagtgtgactteactgeegec
atgtecataggggtgaattgtacacagatcacagecaacagagtgtgacttecactgeecgee
atgtecataggggtgaattgtacacagatecacaacaacagagtgtgactteactgecgee
atgtccataggggtgaattgtacacagatcacageaacagagtgtgactteactgetgec
atgtecataggggtgaattgtacacagatcacagcaacagagtgtgactteactgeogee
atgctcataggagtgagatgta----------- - - - - - - - ---------------——----
atgtecataggggtgaattgtacacagatecacageaacagagtgtgactteactgecace
gtg------ ggggtgaattgtacacaaatecacagtgacggaatgegacttecactgeaagt
EE KEEE KRER

agtccctcagcaggcttocccaatggatttcaatgtcactctacgecttecgagetgagetg
agtccctcagcaggcetteccaatggatttcaatgtcactetacgecttegagetgagetg
agceccctecagecaggetteccaatggatttecaatgtcactetacgtettegagetgagetg
agccecctcagecaggcetteccaatggatttecaatgtcactoctacgtettegagetgagetyg
agccecctcagocaggcttoccaatggatttcaatgtecactetgegtettegagetgagety
acttcctcagcaggcttecccaatggatttcaatgtcactectacgecttegagetgagetg
agtccctcagcaggcettecccaatggatttcaatgtcactetacgecttegagetgagetg
agceccctcageocaggetteccaatggatttcaatgtcactetgegtettegagetgagetg
————— ct-----ggectteecctatggatttecagagtecactetatgecttegagetgagetg
agaccctcagcaggcttoccaatggatttcaatgteacteotacgecttegagetgagety
ggcacctccaagggcttecccaatggattttaatgtcactectgegecttcaagetgagetg

** hkhhkhhkh AkAhkhhkh Kk R kAR AAR ok hkkk kA Ak Ak
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Reverse Primer
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Supplemental Figure 9. Fibroblasts from longer lived species of primates have increased mRNA expression of STAT1 but
no significant association to lifespan in mMRNA expression for IFNGR1 or JAK1. (A) Scatterplot of relative STAT1 mRNA
levels. (B) Scatterplot of relative IFNGR1 mRNA levels. (C) Scatterplot of relative JAK1 mRNA levels. Error bars if present
represent the SEM of 2 cell lines derived from independent animals .



TAP1 partial mMRNA sequence

Forward Primer

Human gta gt gggtaacagaggacacgtccaccctgagtgattctct cottctgeccaagaaggtgggaaaatggtaccagttgotggaagtgeaggtgegggaate
Gorilla gta, g gggtaacagaggacacgtccaccctgagtgattctct ttctg tgggaaaatggtaccagttgctggaagtgeaggtyg t
Bonobe g gggtaacagaggacacgtccaccctgagtgattctet ccttetg tgggaaaatggtaccagttgectggaagtgcaggtacgggaate
Chimp gggtaacagaggacacgtccaccctgagtgattctct tt agaaggtgg aatggtaccagttgotggaagtgeas atc
Orangutan ccnaaengqtancatcacqtcthqqtancaqaqqacncgtecaceetqaqtgnttetct g taccagttg

Gibbon ccaaacaggtaacatcacgtctegggtaacagaggacacgtecgeccctgagtgattetet ccttcr.gcccaagaaggtgggaaagtggtacz:agttgcbggaagtgcaggbgngggactz
Cynomolgus ccaaacaggtaacatcacgtctegggtaacagaggacacttecgecctgagtgatgetet cottctgeccaagaaggtgggaaaatggtatcagttgttggeagtgeaggtgegggaate
Rhesus gta t ,‘cthqquncaqaqqacm:tt:=nc==tqagtgntg=tct ttctg tg tggtatcagttgttggecagtgeaggtg =
Vervet ccaa g ggg tgagtgatgctct 1 agaaggtgggaaaa tatcag ggcagtgca; at
Baboon gta ,.,,ulc-qagqaclcttccqtccwagbgntg=tct tt agaaggtgg aa tatcagttgetg gtgoat atc
M t gta, gcg gggtaacagaggacacatccaccctgagtgggt =tct ttetg g tggtaccagttgcotgggagtgcaggtgoaggaate
Squirrel Monkey g gggtaacagagg agtgg gettetg tg tggecaccagttgoetgggagegeaggtgoaagaate

Galago

Human
Gorilla
Bonocbo
Chimp

gtg ,,,...-c-g-ggm:-cgt.::mcccuagt.g-gr.ct.ct.
dkk hkkkkk  kkkk | hkkdkkhkkhkddkdkdkhkak wk | kkk hkkk | kkkk
gagtgagaatctgagettatttotgtggtacctggtgegaggectatgtctettggggat

gagtgagaatctgagettatttotgtggtacctggtgegaggectatgtctettggggat

ccottetgectaagaagetgggaaaatggtaccagteactggeggtgeaggtgeageaate
dkkkERRR kkRERR & RERRE KR K RkER |k k RRRARE K 4 kK

tetggeaaagtecagecaggtggecattgaggtectgteggecatgectacagttegaag
teotggeaaagtocagecaggtggocattgaggetetgtoggocatgectacagttegaag

gagtgagaatctgagcttatttctgtggtacctggtgogaggoctatgtotottggggat

Orangutan
Gibbon
Cynomolgus
Rhesus

gagtgaga gag atttoctgtggtacctggtgegaggectatgtctettggggat
gagtgagaatctgagcttatttctgtggtacgtggtgegaggectatgtctotiggggat
gagtgagaatctgagcttatttotgtggtacctggtgegaggectatgtetettggggat
gagtgagaatctgagcttatttotgtggtacctggttegaggectatgtetettggggat

Vervet

Baboon

Marmoset
Squirrel Monkey
Galago

gagtgagaa ttatttotgtggtacctggttegaggectatgtotottggggat
gagtgagaatctgagettatttetgtggtacctggttegaggectatgtetettggggat
gagtgagaatctgagettatttotgtggtacctggttegaggectatgtetettggggat
gagtgggaatetgagetcacttetgtggtacetggtgegaggecatgtgtectettggggat
gagtgagaatctgagcttatttatctggtacctggtgegaggeatgtgtetettggggat
gagtgagaagctgagcctactgotgtggtacctggtgegaggactgtgtctetiggegtt

hhkkkk khkdk hhkkAhdk ok & * kkkkhdk hkkk Akdkkk * hkkkkhhkkd & &
Human ‘tggggatcagtgtecctecaccatggtea tttt
Gorilla tggggatcagtgtecctcaccatggtea tttt
Bonocbo catgctetggggatcagtgtecctea a a tgecctetgetttt
Chimpanzee catgctetggggatecagtgtecet a tgectetgetttt
Orangutan catgetetggggatcagtgt tea ag g getttt
Gibbon catgctctggggatcagtgt tea ag g getttt
Cynomolgus catgctctgggggtcagtgt teca gg g gotttt
Rhesus Macaque catgctctgggggtcagtgt: teal g9 g getttt
Vervet catgctctgggggteagtgtece tcaccctggtea cctetgetttt
Bab ‘tgggggtcagtgtecctecaccatggtea tttt
Marmoset tgggagtcagt tcaccatggtea tttt
Squirrel Monkey catgctctgggggtcagtgeccctea a eg tgecctetgetttt

Galago

catgctetgggggtecactgteocctecaccatggttacectggttgecctgectetgetett
hkkkckkkkdhd  hdkd kk hkdkkhkhdohhdkdh dhkkkhdk  kkdkdkdkkdhhdkddk ok

t toccagocaggtggocattgaggototgteggocatgoctacagttogaag
tetggeaaagtecagecaggtggecattgaggetetgteggetatgectacagttegaag
tetggeaaagtecagecaggtggecattgaggetetgteggecatgectacagttegaag
tctggcaaagtccageca tgtegg tacggttcgaag
tetggeaaagtecagecaggtggecattgaggetetgteagecatgectacagttegaag
teotggeaaagtocagecaggtggocattgaggetetgtoggocatgectacagttegaag
t toccagocaggtggocattgaggototgteggocatgoctacagttogaag
tetggcaaagtecageca tgteggecatgectacagttegaag
tetggeaaaateocagecaggtggecattgaggetetgteggecatgtetacggttegaag
teotggecaagtocagecaggtggocattgaggetetgtcagocatgtetacagttegaag
tcbggcagagtcmgccaggt.ggcDgtr.gaggz:tctgtcagczatgcccazagtcoggag
B T T T

atg

B e —
Reverse Primer

TAP2 partial mMRNA

Human

Gorilla
Bonobo
Orangutan
Baboon
Cynomelgus
Vervet

Rhesus Macaque
Gibbon
Chimpanzee
Squirrel Menkey
Marmoset
Galage

Human

Gorilla
Bonobo
Orangutan
Baboon
Cynomelgus
Vervet

Rhesus Macaque
Gibbon
Chimpanzea
S8quirrel Monkey
Marmoset
Galago

Human

Gorilla
Bonobo
Orangutan
Baboon
Cynomolgus
Vervet

Rhesus Macaque
Gibbon
Chimpanzee
Squirrel Monkey
Marmoset
Galago

sequence

aaattccaagacgtcteetttgeatateccaategocotgacaggectgtgeteaagggg
aaattcecaagacgteteetttgeatateoececaategeee caggectgtgeteaagggg

aaatt tctectttgecatatcccaateg tgtgct
aaattccaagatgtctcctr_r.gcar.atcccaatcgccccgacaggccbgtgctcaagggg
aaatt tgc
aaatt tctectttgea cccaateg tgtget

aaattccaagacgtctoctttgeatateecaategececgacaggectgtgeteaagggg
aaattccaagacgtctectttgcatatccatateg tgtget

aaattccaagatgtctectttgeatateccaattgeccegacaggectgtgcteaagggg
aaattcecaagacgteteetttgeatateocecaategococegacaggoctgtgeteaagggg
aagtt. ceca tgtget.

aagttccaagatgtetectttgeatatcoccagtogocotgacaagoctgtgettaagggg
gagttccaggatgtcttetttgecatat aa ag tgtgctcaagggg

LR RRAEE AR RRRE ARARAR AR AR L EEAE AEE mpesseses

Forward Pr s:
tgacgttta tacgtcctggtgaggtgacggegetggtggga gtctggyg
ctgacgtttaccetacgtectygg tgaggtgacggegetggtgggacceaatgggtetagg
ctgacgtttaccctacgtecctggtgaggtgacggcactggtgggacccaatgggtetggg
ctgacgtteaccctacgtectggtgaggtgacgg g gtetggg
ctgacgttecaccetacgtectggtgaggtgacggegetggtgggaccecaatgggtetggg
ctgacgttcaccctacgtectggtgaggtgacggegetggtgggacccaatgggtetggg
ctgacattcactctacgtcctggtgaggtgacggeogotggtgggaccoaatgggtetggg
ctgacgtteaccetacgtectggtgaggtgacggegetggtgggacecaatgggtetggg
tgacgtteca tacgtcctggtgaggtgacggegetggtggga gtctggyg
ctgacgtttaccetacgtectggtgaggtgacggeactggtgggacceaatgggtetggg
ctgacgttecaccctacgtectggegaggtgacagegetggtgggaceccaatgggtetggg
ctgacgtteaccetacgtoctggtgaggtgacagegetggtgggacceaatgggtetggg

ctgacattcaccctacgtcctggtgaggtgacagegetggtgggacccaatgggtetgag
B L s e

aagagcacagtggctgecctgetgeagaatctgtaccageccacagggggaca——
aagagcacagtggetgecctgetgeagaatetgtaccageccacaggeggaca-
aagagcacagtggcetgetctgetgeagaatetgtaccageccacaggeggaca——
aagagcacagtggctgecctgetgeagaatctgtaccageccacagggggaca——
aagagcacagtggetgecctgetgoagaatetgtaccagoccaccgegggaca-—
aagagcacag ctgt g
aagagcacagtggetgecctgetgeagaatetgtaccageccacegegggaca-
aagagcacagtggotgecce tgetgoagaatetgtaccagoccacogegggaca -
aagagcacggtggctgccc tgetgocagaatotgtaccagoccacagggggaca—
aagagcacagtggetgete tgetgeagaatetgtaccageccacaggeggaca—
aagagcacagtggcectgeectactgeagaatetgtaccageccacagggggaca——
aagagtacag tot

aagagcacgatggotgeocc r.gctgcagaatctgtaccagcccacagggggaca--
REERE _KE | AEAAKEF KK KRARIRRRAARAAKRAAAAARAE K %

Reverse Primer

Supplemental Figure 10. TAP1 and TAP2 primer sequences. Sequence homology was determined through comparisons of primate sequences available on
NCBI. These included: Humans (Homo sapiens), Gorilla (Gorilla gorilla), Chimpanzee (Pan trogloytes), Bonobo (Pan paniscus), Orangutan (Pongo abelii),
Gibbon (Hylobatus leucogenys), Rhesus Macaque (Macaca mulatta), Cynomolgus (Macaca fascicularis), Baboon (Papio anubis), Squirrel monkey (Saimiri
boliviensis), Vervet(Chlorocebus sabaeus), Marmoset (Callithrix jacchus) and Galago (Otolemur garnettii). The set of species for which mRNA data was
available was not consistent between genes. The Tarsier (Tarsius syrichta) sequence was not included as none of the primate species assayed in this paper

were found on that branch of the primate phylogeny. The

assayed.

Wk

symbol was used to represent nucleotides that are completely conserved between the species



B-2 microglobulin partial mMRNA sequence

Forward Primer
Ll

Human tgetatgtgtetgggttteatecateegacattgaagttgacttactgaagaatggagag
Gorilla tgetatgtgtetgggttteatecateegacattgaagttgacttactgaagaatggagag
Orangutan tgetatgtgtetgggttteatecateegacattgaagttgacttactgaagaatggagag
Chimpanzee tgetatgtgtetgggttteatecateegacattgaagttgacttactgaagaatggagag
Gibbon tgetatgtgtetgggttteatecateegatattgaagttgacttgetgaagaatggaaag
Marmoset tgetatgtgtetgggttteatecatetgacattgaagttgacttactgaagaatggaaag
Tamarin tgetatgtgtetgggttteatecatetgacattgaagttgacttactgaagaatggaaag

Squirrel Monkey tgctatgtgtetgggtttecatcecatctgacattgaagttgacttactgaagaatggacag
Rhesus Macagque tgctatgtgtetggatttecatcecatetgatattgaagttgacttactgaagaatggagag

Baboon tgetatgtgtetgggttteatecatetgatattgaagttgacttactgaagaatggagag
Cynomolgus tgctatgtgtetggatttocatecatectgatattgaagttgacttactgaagaatggagag
Vervet tgectatgtgtetgggttteatecatectgatattgaagttgacttactgaagaatggagag
Galago tgctatgtgtetggatttocatececatectgacattgatattaccatgttaaagaatggaaag

hkkkhkkkkkkkhkk  hokkkkhkkkkok Ak hkkkk  kk ok ok ok kkkkkkkkk kk

Human agaattgaaaaagtggagcattecagacttgtetttocageaaggactggtetttetatete
Gorilla agaattgaaaaagtggagcattecagacttgtetttocageaaggactggtetttetatete
Orangutan agaattgaaaaagtggagcattecagacttgtetttocageaaggactggtetttetatete
Chimpanzee agaattgaaaaagtggagcattecagacttgtetttcageaaggactggtetttetatete
Gibbon aaaattgaaaaagtggagcattecagacttgtetttcageaaggactggtetttetatete
Marmoset aaaattgaaaaagtggagcattecagacttgtetttcagecaaggactggtetttetatete
Tamarin aaaattgaaaaagtggagcattecagacttgtetttcagecaaggactggtetttetatete

Squirrel Monkey aaaattgaaaacgtggagecattecagacttgtetttecageaaggactggtetttetatete
Rhesus Macagque aaaatgggaaaagtggagcattcagacttgtetttecageaaagactggtetttetatete

Baboon aaaatgggaaaagtggagcattecagacttgtetttcageaaagactggtetttetatete
Cynomolgus aaaatgggaaaagtggagcattecagacttgtetttcageaaagactggtetttetatete
Vervet aaaatggggaaagtggagecattecagacttgtettteageaaagactggtetttetatete
Galago aagatagaaaaggtggagcagtecagacttgtettteocacaaggactggtetttetatgtg

* kk ok kdk kkkdkhkhkhkk dhkkhkhkhkhkkkkhkhkhkdkhk  dkhkk khkdkdkkkhkhkhkdhkhkkikd Kk
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Reverse Primer

Supplemental Figure 11. 8-2 microglobulin primer sequences. Sequence homology was determined through comparisons of primate sequences available on
NCBI. These included: Humans (Homo sapiens), Gorilla (Gorilla gorilla), Orangutan (Pongo abelii), Chimpanzee (Pan trogloytes),, Gibbon (Nomascus
leucogenys), Marmoset (Callithrix jacchus), Tamerin (Saguinus midas), Squirrel monkey (Saimiri boliviensis), Rhesus macaque (Macaca mulatta), Baboon
(Papio anubis), Cynomolgus (Macaca fascicularis), Green monkey (Chlorocebus sabaeus), and Galago (Otolemur garnettii). The set of species for which
MRNA data was available was not consistent between genes. The Tarsier (Tarsius syrichta) sequence was not included as none of the primate species
assayed in this paper were found on that branch of the primate phylogeny. The “*” symbol was used to represent nucleotides that are completely conserved
between the species assayed.
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Supplemental Figure 12. Scatterplot showing standardized contrast analysis for (A) ATP-independent proteolytic activity. (B) PSMB8 mRNA. (C)
INFGR2 mRNA. (D) IFN-y induced change in LD50. Values are calculated as described in Garland et al., 1994 and are based on the phylogeny in
Pickering et al., 2014 (Note N = N - 1 of original results due to the pairwise comparisons involved in the phylogenetic contrast)
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Pickering, A. M., Lehr, M., Kohler, W. J., Han, M. L. & Miller, R. A. (2014) Fibroblasts From Longer-Lived Species of Primates, Rodents, Bats,
Carnivores, and Birds Resist Protein Damage. J Gerontol A Biol Sci Med Sci, doi:10.1093/gerona/glul115.
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Supplemental Figure 13. Scatterplot of mass-adjusted changes in (A) ATP-independent proteolytic activity. (B) PSMB8 mRNA. (C)
Log;o INFGR2 mRNA. (D) IFN-y induced change in LD50. Values represent the residual from either maximum lifespan, or the
variable of interest, plotted against log;,(mass) (g).
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Supplemental Figure 14. (A) Scatterplot of cell passage number against maximum lifespan. Error bars if present show the highest
and lowest passage number used for this cell line. (B) Scatterplot of donor animal age against maximum lifespan. (C) Scatterplot of
donor animal age (as a fraction of maximum lifespan) against maximum lifespan. Error bars if present show the highest and lowest
age of donor animals used. Each data point represents an independent species. Humans are shown with an ‘H’ but are excluded from
analyses.
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Supplemental Figure 15. Assessment of cellular endpoints after removal of data from Mouse Lemur, Noisy Douroucouli, Patas Monkey and
Woolly Monkey, the four species for which donor age exceeded 50% of species maximum lifespan. The association of MLS with these
endpoints is replicated in this truncated set of species, although in one case the association no longer reaches the standard criterion for

statistical significance (PSMB8 mRNA, p = 0.07).
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Supplemental Figure 16. PSMB?5 levels in liver samples of mice subjected to a variety of life-extending
interventions. (A) Rapamycin. (B) NDGA. (C) 17-a-Estradiol. (D) Snell dwarf. Data are presented as bar graphs of
PSMBS levels adjusted to 3-actin. Data are plotted as a percent of control males. Error bars represent SEM where
N = 4 (except for Snell dwarfs where N = 6). For rapamycin, NDGA, and 17-a-estradiol, controls were littermates
that received mouse chow with no drugs. For the Snell dwarf study, controls were littermates.



