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Supplementary Figure 1. Greater vitellogenin accumulation and venting in hermaphrodites 

than females. a Mating reduces venting in hermaphrodites and has little effect on venting by 

females. Vented YP170 in mated Caenorhabditis species and YP115 in mated Pristionchus 
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species. Data normalised to unmated C. elegans peak venting period, d4-6 (c.f. Fig. 1b). Mating 

reduces levels of venting in hermaphrodites, which may reflect vitellogenin uptake by the 

additional oocytes that become eggs due to increased sperm availability. b Mating does not 

significantly increase unfertilised oocyte production in females. a, b One-way ANOVA 

(Bonferroni correction) and one-sample t-test (two-tailed) used based on the number of samples 

being compared. c, d Greater internal levels of YP170 in Caenorhabditis hermaphrodites, and 

YP115/YP88 in P. pacificus hermaphrodites (Pristionchus lack YP170). YP bands normalised to 

myosin to adjust for species differences in body size. One-way ANCOVA. a, c, d Protein gel 

electrophoresis data with colloidal Coomassie blue staining. For full gel see Source Data. Mean ± 

s.e.m. of 3 trials displayed. * p <0.05, ** p <0.01, *** p <0.0001, **** p <0.00001 (p value from 

left to right =  a left: 0.0022, 0.1901, 0.3904, 0.0002; a right: 0.0057, 0.1321, 0.0416, 0.3310, 

0.0020, 0.2028, 0.2458, 0.0223; b: 0.2164, 0.8888, 0.9876, 0.9993; d top: 0.0000, 0.0133, 0.0133; 

d middle: 0.0006, 0.1316, 0.1316, 0.0000; d bottom: 0.0070, 0.2604, 0.2085, 0.0000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

5 

 

 



 

 

6 

 

Supplementary Figure 2. More severe senescent pathology and shorter lifespan in 

hermaphroditic species. a,b Survival curves from individual and combined trials of sibling 

species.  In the presence of antibiotics, females are longer lived in all cases (n=100 per trial). c C. 

inopinata is also longer lived than C. elegans at 25˚C (with carbenicillin), a more optimal culture 

temperature for the former species (n=100 per trial). d C. inopinata is also longer-lived than C. 

elegans where both are maintained on UV-irradiated E. coli (n=100 per trial). e Linear regression 

comparing each individual pathology and median of all pathologies to lifespan. The Z-scores for 

all pathologies were found to be statistically significant, and the median pathology Z-score was 

found to perform better than the individual pathologies. This suggests that lifespan is a function of 

overall pathology level. X axis, pathology Z-score calculated from pathology measurements 

through time (c.f. Supplemental Fig. 4a). Y axis, mean lifespan. A line of best fit is drawn for 

Caenorhabditis species and based on this a hypothetical line is drawn for the Pristionchus species. 

* p <0.05, ** p <0.01, *** p <0.0001, **** p <0.00001 by Log rank test for pairs of individual 

trials, and mean ± s.e.m. of 3 trials with each dot representing one trial displayed. For details on 

statistics and raw lifespan data see Supplemental Table 1 and Source Data File, respectively. 
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Supplementary Figure 3. Degenerative changes in ultrastructure in hermaphrodites undergoing 

putative reproductive death. a Low magnification representative TEM showing intestinal atrophy in 
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C. elegans with age and little change in intestinal size in C. inopinata even by d21. Halves of nematode 

sibling species pairs are taken from approximately the same region of the animal (between the posterior 

end of the posterior uterus and the anus) to avoid the distorting (gut crushing) effects of uterine tumours. 

Scale 5 μm (5,000x). b C. tropicalis and C. wallacei on d14 showing greater ultrastructural degeneration 

in the former (c.f. Fig. 2f). Scale 1 μm (20,000x). c Hermaphroditic Caenorhabditis species showing 

intestinal degeneration on d14 and comparison to C. inopinata. Scale 1 μm (10,000x). Blue, intestine. 

mv: microvilli; au: autophagosomes; note characteristic multilamellar structure in some cases; L: lipid 

droplets; G: yolk granules or gut granules (tentative interpretation; gut granules have yet to be clearly 

identified in TEM studies; D. Hall personal communication). 
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Supplementary Figure 4. Putative reproductive death is constitutive in hermaphrodites and 

mating-induced in females. a, d Severe pathology progression in unmated hermaphrodites and 

mated animals but not virgin females. Tests for statistical significance: black, hermaphrodites vs 

females; red: mated vs unmated hermaphrodites; blue: mated vs unmated females; grey: mated 

hermaphrodites vs mated females. Mean ± s.e.m. of 3 trials displayed (n=10 per time point per 

trial).b, e Representative Nomarski microscopy images taken for the purpose of scoring/measuring 

pathologies. Note the position of the gonad around the intestine is different in Pristionchus species, 

with the full gonad arm visible in the same plane only after intestinal atrophy. Yellow: yolk pools, 

gonad and uterine tumours; blue: intestine. c Bar graphs showing difference in gradient between 

species pairs, defining the following gradient in difference in severity for most pathologies: C. 

elegans - C. inopinata > C. tropicalis - C. wallacei > C. briggsae - C. nigoni. Subtraction rather 

than normalisation is used as gradients are already relative values. Mean ± s.t.d. of combined data 

(n=30 per time point per trial). f No increase in intestinal atrophy even up to day 21 in unmated 

females (c.f. panel a); Mean ± s.e.m. of 3 trials; n=10 per time point per trial. * p <0.05, ** p <0.01, 

*** p <0.0001, **** p <0.00001 by Cumulative Link Model with gamma link function for 

pharyngeal degeneration, gonadal degeneration and uterine tumours which are scored ordinals. 

One-way ANCOVA with score normalised to d1 to determine change in percentage of intestinal 

mass, and one-way ANCOVA with no normalisation for yolk pools. 
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Supplementary Figure 5. Mating induces putative reproductive death and reduces lifespan 

in females. a Mating in females significantly reduces lifespan, as previously shown for C. elegans1, 

2, 3. b Cox proportional hazard analysis showing greater effect of mating in most females; the lack 



 

 

12 

 

of a greater reduction in C. inopinata than C. elegans could reflect the greater susceptibility of the 

former to bacterial infection. Mean ± s.e.m. of 2 trials displayed. c. Female sibling species are 

longer lived than spermless hermaphrodites. For details on lifespan statistics and raw lifespan data 

see Supplemental Table 2 and 3, and Source Data File, respectively. **** p <0.00001.  
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Supplementary Figure 6. Germline ablation suppresses severe senescent pathologies in 

hermaphrodites. a Pathology progression in hermaphrodites is suppressed following z2,3 cell 
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ablation and germline loss. An exception here is yolk accumulation, which is increased due to the 

removal of egg laying. b Pathology progression in C. elegans germline-deficient mutants showing 

a reduction in most RD-associated pathologies (25˚C). Note that suppression of germline 

development is not complete in these mutants, in contrast to laser ablated animals, which may 

account for the weaker suppression of RD-associated pathologies. Mean ± s.e.m. of 3 trials 

displayed (n=5-10 worms per trial). c An intact somatic gonad is required for germline removal to 

suppress RD-associated pathology. Top left: pathology progression following z1-4 ablation (i.e. full 

gonad removal) shows mostly no difference to intact animals. The increase in yolk pool size likely 

reflects absence of yolk efflux due to absence of egg laying and of a vulva. z2,3(-) and z1-4(-) data 

were collected together with the same control and are comparable (c.f. C. elegans data in b). Mean 

± s.e.m. of 3 trials displayed (n=5-10 worms per trial). Bottom left: Nomarski images of entire 

worms, intact (middle) or with germline (top) or whole gonad (bottom) ablated. Note in the 

germline-ablated animal the dark intestine with no expansion of the gut lumen. The blister-like 

vesicles in the intestine of whole gonad-ablated worms may be yolk, which is present at high levels 

due to absence of egg laying and of a vulva. Tumours are absent from ablated animals due to absence 

of the germline/gonad. The vulva is absent from whole gonad ablated animal, which lack the P cell 

required for vulval induction. Images have been straightened using the straighten tool in ImageJ. 

Right: representative Nomarski microscopy images taken for the purpose of scoring pathologies 

(c.f. Fig. 4b).  * p <0.05, ** p <0.01, *** p <0.0001, **** p <0.00001 by Cumulative Link Model 

with gamma link function for pharyngeal degeneration, gonadal degeneration and uterine tumours 

which are scored ordinals. One-way ANCOVA with score normalised to d1 to determine change in 

percentage of intestinal mass, and one-way ANCOVA with no normalisation for yolk pools. 
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Supplementary Figure 7. Germline ablation greatly extends lifespan in hermaphrodites but 

not females. a, b Combined data and individual trial data for lifespans of sibling species after z2,3 

ablation. Large effects are seen only in hermaphrodites. Log rank tests for individual trials. Mean 

± s.e.m. of 3 trials displayed. * p <0.05, ** p <0.01, *** p <0.0001, **** p <0.00001. For details 

of statistics and raw lifespan data see Supplemental Table 4 and Source Data File, respectively.  



 

 

16 

 

Supplementary Figure 8. Putative reproductive death is promoted by insulin/IGF-1 

signalling (IIS). a Pathology progression is suppressed in daf-2(e1370) mutants, and this is daf-

16 dependant. Mean ± s.e.m. of 3 trials displayed. * p <0.05, ** p <0.01, *** p <0.0001, **** p 

<0.00001 by Cumulative Link Model with gamma link function for pharyngeal degeneration, 

gonadal degeneration and uterine tumours which are scored ordinals. One-way ANCOVA with 

score normalised to d1 to determine change in percentage of intestinal mass, and one-way 

ANCOVA with no normalisation for yolk pools. b Lifespan, putative reproductive death-associated 

pathologies and yolk venting and unfertilised oocyte venting follow a continuum with daf-2 

behaving like unmated females and daf-16; daf-2 mutants like unmated hermaphrodites. Heat map 

comparing differences in pathology progression, lifespan, yolk and oocyte venting across species 
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and treatments by transforming the calculated gradients of pathology progression into Z-scores. 

Hierarchical clustering based on pair-wise Euclidean distances was used to cluster pathologies and 

species/treatments according to similarity. Sources: Mutant yolk venting and oocyte data: (ref. 5); 

mutant lifespan data: (ref. 6).  
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Supplementary Figure 9. Sequence alignment of fem-3. a Protein sequence alignment of C. 

elegans fem-3 (C01F6.4a.1) and putative orthologs in C. tropicalis (Csp11.Scaffold629.g10847 ). 

b DNA sequence alignment of C. elegans fem-3 (C01F6.4a.1) and putative orthologs in C. 

tropicalis (Csp11.Scaffold629.g10847 ). Three double-stranded RNAs targeting regions are 

underlined. 
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Supplementary Table 1. Female sibling species are longer lived than hermaphrodites when 

bacterial pathogenicity is excluded. C is combined data from all trials, and T is treatment 

(antibiotic carbenicillin vs control). 
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Supplementary Table 2. Comparison of hermaphrodite and female sibling species lifespans 

following mating. C is combined data from all trials, and T is treatment (mated or unmated). 
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Supplementary Table 3. Comparison of lifespans of feminised and wild-type 

hermaphrodites, and female sibling species. C is combined data from all trials, and T is 

treatment (sperm knockdown via mutation or RNAi; comparisons between hermaphrodites and 

female sibling species are also added under T for simplicity). 
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Supplementary Table 4. Comparison of lifespans of hermaphrodite and female sibling 

species following germline ablation. C is combined data from all trials, and T is treatment (z2,3 

ablation vs control). 
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Supplementary Table 5. Orthologues of C. elegans fog-2. List from Wormbase Parasite Version 

WBPS17 identify 15 orthologues of C. elegans fog-2 (Y113G7B.5). 

 

 

 

Supplementary Table 6. Orthologues of C. elegans fem-3. Listing from Wormbase Parasite 

Version WBPS17 of 17 orthologues of C. elegans fem-3 (C01F6.4a.1), including Caenorhabditis 

tropicalis Csp11.Scaffold629.g10847 (highlighted in green). 
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Supplementary Table 7. List of primers used for dsRNA synthesis. The T7 promoter sequence 

is added to the 5’ ends. 
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