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Fig. S1. Transcriptomic and subcellular proteomic analyses of xpo-1 inhibited nematodes 
(A) Principal component analysis for biological replicate samples used for RNA-seq prepared 
using ClustaVis tool. (B) Volcano plot depicting significantly up-and down-regulated genes in 
xpo-1 RNAi compared to control prepared in iDEP .91. (C) Heatmap of top 100 differentially 
regulated genes obtained in xpo-1 RNAi compared to control prepared using iDEP .91. (D) Histone 
H3 and Tubulin as markers for nuclear and non-nuclear (cytoplasmic) fractions, respectively, of 
input (Inp), nucleus (Nuc), and cytoplasm (Cyt) samples used for TMT-MS proteomics. (E) Venn 
diagram of overlapping hits from transcriptomics and proteomics datasets prepared using Venny 
2.1 depicting enriched GO categories obtained using WormCat. 
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Fig. S2. mRNA sequencing analysis from total, monosome, and polysome fractions from 
xpo-1 inhibited animals 
(A) Principal component analyses for total, monosome, and polysome RNA samples used for 
RNA-seq. (B) Volcano plots representing up- and down-regulated genes obtained in total, 
monosome, and polysome RNA from xpo-1 RNAi samples compared to control. (C) Heatmap 
representation of proteins with altered translation efficiency that also have a known role in 
longevity as per the GenAge database. The percentage of anti-longevity genes identified in our 
dataset of highly decreased log2 TE is indicated. 
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Fig. S3. XPO-1 regulates nucleolar size 
(A) Expression of 47S pre-rRNA transcripts by qPCR in xpo-1 RNAi compared to control using 
additional primers as confirmation (biological duplicates). See Supplementary table S6 for primer 
sequences. (B) FBL protein levels in HeLa cells treated with negative control or xpo1 siRNA. 
Graph represents densitometry of the blot using Tubulin as the reference. (C) Average nucleolar 
size in daf-2(e1370) and glp-1(e2141) mutants expressing FIB-1::GFP. Nucleolar size was 
quantified on Day 1 of adulthood in daf-2(e1370) mutants raised at 15°C and glp-1(e2141) mutants 
raised at 25°C. (D) Average nucleolar size in nematodes expressing DAO-5::GFP subjected to 
xpo-1, lgg-1, rpl-11.1, or a combination of lgg-1 and rpl-11.1 RNAi for 48h from adulthood. (E) 
Nucleoli (arrows) stained using SYTO RNASelect in HeLa cells treated with RNA Polymerase I 
inhibitor, CX-5461 (1µM) or vehicle control (DMSO). Scale bar = 50µm. (F) RNA levels of lgg-
1, fib-1, 47S rRNA, and xpo-1 measured by qPCR in N2 wildtype and hlh-30(tm1978) null mutants 
upon control (L4440) or xpo-1 RNAi from adulthood for 72h (biological triplicates). See 
Supplementary table S6 for primer sequences. (G) Average nucleolar size in HeLa cells treated 
with negative siRNA or siRNA to gabarap or lc3 for 48h. (H) Lifespan analyses of fib-1::gfp 
nematodes on xpo-1 and rpn-6.1 RNAi alone or in combination compared to control. (I) Lifespan 
analyses of WT (N2) or rpn-10(ok1865) mutants on control or xpo-1 RNAi from adulthood. 
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, ns=not significant by Student’s t test or ANOVA 
or Mantel-Cox log rank test for lifespan analyses. See Table S1 for lifespan statistics and repeats. 
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Fig. S4. XPO-1 regulates ribosomal protein levels in an LGG-1-dependent manner 
(A) Representative blot showing FIB-1 protein levels in nuclear and cytoplasmic fractions of 
wildtype N2 worms upon various RNAi for 72h. Graphs represent densitometric quantification of 
FIB-1 in nuclear and cytoplasmic fractions using Histone H3 and Tubulin as references, 
respectively. (B) Representative blot showing RPL-11 and FIB-1 levels in nuclear and cytoplasmic 
fractions of wildtype N2 worms upon various RNAi for 72h. Graphs represent densitometric 
quantification of RPL-11 and FIB-1 levels in nuclear and cytoplasmic fractions normalized to 
Actin. Data are represented as mean ± SD from three independent trials. I = Input, N = Nuclear, C 
= Cytoplasmic fractions, respectively. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 by one-
way ANOVA 
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Fig. S5. Lifespan, nucleolar size and proteostasis measurements 
(A) Representative blot for RPL-11 protein levels in input (I), nuclear (N), and cytoplasmic (C) 
fractions from wildtype N2 nematodes on control and various RNAi for 96h. Histone H3 and 
Tubulin were used as markers for nuclear and cytoplasmic fractions, respectively. Graph 
represents densitometric quantification of blots in nuclear fractions (normalized to Histone H3). 
(B) Lifespan analysis of daf-2(e1370) mutants upon lgg-1 RNAi compared to control. (C) Paralysis 
assay in nematodes expressing heat-inducible Aβ in muscles with fib-1 and rpl-11.1 RNAi 
compared to control. Graphs represent percent paralyzed worms after 48h or RNAi and through 
the entire time course. (D) Nucleolar size upon cep-1 RNAi for 48h compared to control. Data are 
represented as mean ± SD from three independent trials. (E) rpl-11.1 and rpl-11.2 mRNA levels 
upon rpl-11.1 RNAi compared to control (technical triplicates). Data are represented as mean ± 
SD. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 by Student’s t test or ANOVA or Mantel-
Cox log rank test for lifespan analyses. See Table S1 for lifespan statistics and repeats.  
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Strain Conditions Events 
Observed/N 

Mean Lifespan Maximum 
Lifespan 

% Difference P value   

N2 L4440 66/100 19.84 34       

xpo-1 (50%) 76/100 21.35 30 7.61 0.26   

rpn-6.1 (50%) 82/100 13.46 16 -32.16 <0.001   

rpn-6;xpo-1 83/100 13.75 18 -30.70 <0.001   

lgg-1 (50%) 71/100 16.74 24 -15.63 <0.001   

lgg-1,xpo-1 88/100 17.92 26 -9.68 0.0072   

                

N2 L4440 82/100 21.49 35       

xpo-1 (50%) 73/100 23.27 35 8.28 0.0231   

rpn-6.1 (50%) 81/100 14.89 19 -30.71 <0.001   

rpn-6;xpo-1 87/100 14.52 17 -32.43 <0.001   

lgg-1 (50%) 58/100 21.49 31 0.00 0.7176   

lgg-1,xpo-1 84/100 17.32 23 -19.40 <0.001   

                

N2 L4440 44/100 14.51 25       

xpo-1 (50%) 46/100 21 29 44.73 <0.001   

rpn-6.1 (50%) 69/100 11.75 17 -19.02 <0.001   

rpn-6;xpo-1 83/100 11.42 19 -21.30 <0.001   

lgg-1 (50%) 64/100 11.37 21 -21.64 <0.001   

lgg-1,xpo-1 70/100 17.81 23 22.74 <0.001   

                

pfib-1::fib-1::gfp L4440 37/80 13.72 26       

xpo-1 44/80 19.48 32 41.98 0.0001   

                

pfib-1::fib-1::gfp L4440 47/100 15.84 29       

xpo-1 44/100 18.45 32 16.48 0.0327   

                

pfib-1::fib-1::gfp L4440 36/100 12.95 25       

xpo-1 37/100 22.42 39 73.13 <0.001   

                

pfib-1::fib-1::gfp L4440 30/100 13.55 20       

xpo-1 59/100 15.21 28 12.25 0.1768   

                

pfib-1::fib-1::gfp L4440 47/100 15.84 29       

xpo-1 (50%) 49/100 21.61 40 36.43 0.0001   



 
 

 

rpn-6.1 (50%) 59/100 13.2 19 -16.67 <0.0001   

rpn-6;xpo-1 61/100 13.63 17 -13.95 <0.0001   

                

pfib-1::fib-1::gfp L4440 36/100 12.95 25       

xpo-1 (50%) 34/100 20.32 39 56.91 <0.001   

rpn-6.1 (50%) 45/100 13.39 18 3.40 0.662   

rpn-6;xpo-1 48/100 13.75 18 6.18 0.1883   

                

ncl-1(e1942);pfib-
1::fib-1::gfp 

L4440 48/100 15.06 28       

xpo-1 65/100 12.52 25 -16.87 0.0016   

                

ncl-1(e1942);pfib-
1::fib-1::gfp 

L4440 51/100 14.87 27       

xpo-1 64/100 12.96 27 -12.84 0.0194   

                

ncl-1(e1942);pfib-
1::fib-1::gfp 

L4440 50/100 17.97 26       

xpo-1 67/100 13.79 20 -23.26 <0.001   

                

N2 25°C 78/100 10.33618 21       

plgg-1::gfp::lgg-1 25°C 85/100 10.47973 20 1.39 0.5635 with respect to N2 

daf-2(e1370) 25°C 92/100 29.43 55       

daf-2(e1370);plgg-
1::gfp::lgg-1 

25°C 93/100 35.36 55 20.15 <0.001 with respect to daf-2 (e1370) 

                

N2 25°C 84/100 10.18 20       

plgg-1::gfp::lgg-1 25°C 95/100 11.25 19 10.51 0.058 with respect to N2 

daf-2(e1370) 25°C 84/100 28.37 47       

daf-2(e1370);plgg-
1::gfp::lgg-1 

25°C 96/100 39.3 55 38.53 <0.001 with respect to daf-2 (e1370) 

                

N2 25°C 79/100 10.89 14       

plgg-1::gfp::lgg-1 25°C 88/100 11.85 21.00 8.82 0.0019 with respect to N2 

daf-2(e1370) 25°C 86/100 25.11 46       

daf-2(e1370);plgg-
1::gfp::lgg-1 

25°C 92/100 31.49 46 25.41 <0.001 with respect to daf-2 (e1370) 

                

daf-2(e1370) 25°C 83/100 34.7 52       

25°C, lgg-1 80/100 27.69 33 -20.20 <0.0001   



 
 

 

                

daf-2(e1370) 25°C 29/80 35.01968 57       

25°C, lgg-1 64/80 32.28013 43 -7.82 0.0561   

                

daf-2(e1370) 25°C 87/100 23.7 40       

25°C, lgg-1 83/100 27.35 34 15.40 0.0025   

                
N2 
  

L4440 65/100 16.41 26       
xpo-1 77/100 18.6 27 13.34 0.0026   

                
N2 
  

L4440 49/100 16.61 27       
xpo-1 67/100 20.24 35 21.8543046 0.0043   

                
rpn-10(ok1865) 
  

L4440 77/100 16.84 22       
xpo-1 87/100 16.12 24 -4.27 0.4894   

                
rpn-10(ok1865) 
  

L4440 84/100 18.39 27       
xpo-1 87/100 17.21 27 -6.4165307 0.0173   

Table S1. Details of survival analyses performed in the study 
 
  



 
 

 

Strains used in this study 
N2 Wild-type (Kenyon lab - CF) 
LRL103 ptnIs001 [Pfib-1::fib-1::gfp fosmid::cbunc-119(+)]; unc-119(ed3)] (Ref. 25) outcrossed 

with N2 3 times 
CF2218 ncl-1(e1942) III 
LRL78 ncl-1(e1942) III;ptnIs001 [Pfib-1::fib-1::gfp fosmid::cbunc-119(+)]; unc-119(ed3)] 
CF1041 daf-2(e1370) III 
MAH14 daf-2(e1370) III;adIs2122 [lgg-1::gfp + rol-6(su1006)] 
DA2123 adIs2122 [lgg-1p::gfp::lgg-1 + rol-6(su1006)] 
LRL41 GMC101 (dvIs100 [unc-54p::A-beta-1-42::unc-54 3'-UTR + mtl-2p::gfp] outcrossed 

with N2 4 times 
LRL31 FX1978 [hlh-30 (tm1978)] outcrossed with N2 4 times 
VC1369 rpn-10(ok1865) 
CPB089 ptnsIs050 (dao-5::gfp) 

Table S2. List of C. elegans strains used in the study 
  



 
 

 

Gene Primer Sequence Reference 
47S pre rRNA (F) #5 CTTCACGGACATGCGGTGAT 

70 
47S pre rRNA (R) #5 TGTGATGCTTCTGGACTAGG 
47S pre rRNA (F) #2 GATCCATAGATATTGCTGATGATTC 

24 
47S pre rRNA (R) #2 CGCAGACATATAGTCTAGCGAG 
47S pre rRNA (F) #3 AATACTGGGATTCGTCTA 
47S pre rRNA (R) #3 GAGTTCAGGTTGAGATTAG 
fib-1 (F) TGCTTGTCGGAATGGTCGAT  
fib-1 (R) TCTCTCATACGGCTCCAGGG  
lgg-1 (F) ACCCAGACCGTATTCCAGTG 

14 
lgg-1 (R) ACGAAGTTGGATGCGTTTTC 
pmp-3 (F) GTTCCCGTGTTCATCACTCAT 
pmp-3 (R) ACACCGTCGAGAAGCTGTAGA 
rpl-11.1 (F) ACGGACGTCGAAAAACAGAC  
rpl-11.1 (R) GCTCGAGCACCTTAGCG  
rpl-11.2 (F) GATTCGGAGTCCAGGAGCAC  
rpl-11.2 (R) TCTTCTCTTGGCGATACGGC  

Table S3. List of qPCR primers used in the study 
  



 
 

 

Antibodies Application Source 
Fibrillarin Western blot Novus Bio. NB300-269 
RPL11 Western blot Proteintech 16277-1-AP 
Histone H3 Western blot Abcam ab1791 
Tubulin Western blot Abcam ab6160 
XPO1 Western blot Santa Cruz Biotechnology sc-74454 
GFP Western blot Santa Cruz Biotechnology sc-9996 
GFP Immunoprecipitation Proteintech 50430-2-AP 
IgG Control Immunoprecipitation Proteintech 30000-0-AP 
HRP Goat Anti-Mouse Western blot Li-Cor 926-80010 
HRP Goat Anti-Rabbit Western blot Li-Cor 926-80011 
HRP Goat Anti-Rat Western blot Life Technologies 31470 
VeriBlot IP Detection 
Reagent HRP 

Western blot Abcam ab131366 

Table S4. List of antibodies used in the study 
 

Data S1. (separate file) 
List of all differentially regulated transcripts with false discovery rate <0.05 and fold change 
>1.5 fold obtained by mRNA sequencing from xpo-1 RNAi nematodes compared to control 
 

Data S2. (separate file) 
List of all nuclear and cytoplasmic repartitioned proteins upon xpo-1 RNAi compared to control 
identified using TMT-MS analysis and repartitioned proteins that were also earlier found to be 
XPO1 cargo (15) 
 

Data S3. (separate file) 
List of all transcripts with altered translation efficiency upon xpo-1 RNAi compared to control 
 

Data S4. (separate file) 
List of all transcripts uniquely altered only in polysome fractions upon xpo-1 RNAi compared to 
control 
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