
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
Despite extensive research efforts during the past 
several decades, aging remains as a mysterious process 
that almost all organisms experience. Many theories 
have been proposed to explain the causes of aging. The 
antagonistic pleiotropy theory suggests that genes that 
cause aging confer beneficial effects in early life but 
have harmful effects in the later life stages of an 
organism [1]. The disposable soma theory proposes that 
somatic cellular damage accumulates during aging at 
the expense of protecting reproductive systems, which 
causes organismal aging [2].  A  recently proposed  hyper- 
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function theory of aging suggests that over-activation 
of biological processes, which contribute to 
development and reproduction, leads to aging in 
adulthood because of hypertrophy-associated 
pathologies [3-5]. These theories predict that longevity 
negatively correlates with fitness. In fact, long-lived 
animals carrying mutations or those that are subjected 
to dietary restriction tend to display slow development 
and reduced reproduction (reviewed in [6-8]). In 
contrast, long-lived wild guppies grow faster and 
produce more progeny than short-lived ones [9]. Thus, 
the negative correlation between longevity and fitness 
does not seem to be inevitable. 
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Abstract: Genetic  studies using model organisms have  shown  that many  long‐lived mutants display  impaired  fitness,
such as reduced fecundity and delayed development. However, in several wild animals, the association between longevity
and fitness does not seem to be inevitable. Thus, the relationship between longevity and fitness in wild organisms remains
inconclusive. Here, we determined  the correlation between  lifespan and  fitness, developmental  rate and brood size, by
using  16  wild‐derived  C.  elegans  strains  originated  from  various  geographic  areas. We  found  a  negative  correlation
between  lifespan and developmental rate.  In contrast, we did not find such negative correlation between  longevity and
developmental rate among the individuals of C. elegans strains. These data imply that polymorphic genetic variants among
wild isolates determine resource allocation to longevity and developmental rate. 
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Caenorhabditis elegans is one of the best-established 
model organisms for aging research. C. elegans is 
relatively short-lived, genetically tractable, and 
amenable to track life-historical traits (reviewed in [10, 
11]). Studies using an ample repertoire of C. elegans 
mutants, RNAi techniques, and transgenic animals 
identified aging-regulatory genes, many of which are 
evolutionarily conserved in other species (reviewed in 
[10, 12]).  
 
N2, which was isolated from Bristol, UK, has been 
widely used as a reference wild-type strain for C. 
elegans genetics research. Many other wild C. elegans 
strains from various geographic areas have also been 
isolated and characterized. Large-scale analysis of 
single-nucleotide polymorphism (SNP) patterns, 
phylogeny, and transcriptomic data indicates genetic 
variations among the wild isolates of C. elegans [13-
17]. In addition, wild C. elegans strains display variable 
physiologic characteristics such as dauer (hibernation-
like larva) formation, copulatory plug formation, 
lifespan, immunity, fecundity, body length, and food 
response [18-30]. However, whether longevity and 
other physiologic phenotypes among wild C. elegans 
strains are correlated is poorly understood. 
 
In this report, we aimed to determine whether there is 
any correlation between lifespan and fitness among wild 
C. elegans strains. We found that wild C. elegans 
strains with long lifespan displayed a tendency to 
develop slowly. We further obtained data supporting the 
possibility that genetic diversity rather than non-genetic 
variability may underlie the negative correlation 
between organismal longevity and developmental rate. 
Thus, wild C. elegans may have allocated limited 
resources to developmental rate and longevity during 
evolution. 
 
RESULTS 
 
Wild C. elegans strains display variable life history 
traits 
 
To determine the existence of correlation between 
lifespan and fitness among wild isolates of C. elegans, 
we extensively measured several life-history traits of 16 
wild-derived strains; these were isolated from various 
places throughout the world (see Materials and 
Methods). Among the life-history traits, we first 
measured lifespan, which reflects the degree of aging. 
We performed lifespan assays in the presence of 5-
fluoro-2’-deoxyuridine (FUdR), which is a chemical 
inhibitor that prevents progeny from hatching by 
inhibiting DNA synthesis. The average of mean lengths 
of life of 16 wild C. elegans was 18.7 days at 20°C, a 

standard temperature for C. elegans culture in 
laboratory (Fig. 1A). We first noticed that the mean 
lifespans significantly varied among strains (Fig. 1A 
and Table S1 ; p < 0.001, one-way ANOVA-Tukey’s 
comparison test). For example, with FUdR treatment, 
the mean lifespan of GXW1 was significantly shorter 
(14.3 days) than that of reference strain N2 (19.0 days), 
whereas that of JU393 was substantially longer (24.5 
days) than that of N2. This variation in lifespan among 
GXW1, N2 and JU393 was also seen without FUdR 
treatment (Fig. S1A and B and Table S2).  
 
Next, we measured the time from L1 larvae to adults 
(developmental time) and the total number of progeny 
(brood size), which reflect the fitness of a strain. We 
found that developmental time and brood size varied 
among strains (Fig. 1B and C and Table S1; p = 0.070 
for developmental time and p < 0.001 for brood size, 
one way ANOVA-Tukey’s comparison test). It is 
intriguing to note that the average brood sizes of 
laboratory and ancestral N2 reference strains were 
larger than those of all the other strains (Fig. 1C; see 
Discussion for details.). In addition, we found that one 
strain, RW7000, displayed severely delayed 
development and semi-sterility phenotypes (Fig. S2A 
and B), and therefore we excluded RW7000 from 
further correlation analysis. 
 
Longevity correlates with slow development among 
wild C. elegans strains 
 
We analyzed correlations among the three parameters of 
life-history traits: lifespan (in the presence of FUdR), 
developmental time and brood size. Importantly, we 
found a significant correlation between lifespan and 
developmental time (Fig. 2A; r = 0.540, p = 0.031). In 
contrast, we did not find a significant correlation 
between lifespan and brood size (Fig. 2B; r = 0.081, p = 
0.769). In addition, developmental time did not 
correlates with brood size (Fig. 2C; r = -0.024, p = 
0.934). Together, these data imply that long lifespan 
correlates with slow development among wild C. 
elegans strains. 
 
Individuals of C. elegans strains did not display 
correlation between longevity and developmental 
rate 
 
Different genetic backgrounds, or non-genetic 
heterogeneity such as stochastic effects, may underlie the 
negative correlation between longevity and 
developmental rate. Stochastic effects may influence 
different life-history traits among isogenic populations in 
almost identical environments (reviewed in [12, 31]). We 
therefore asked whether a correlation between lifespan 
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and developmental rate exists among individuals of 
isogenic N2, a standard laboratory C. elegans strain. To 
determine the entire life-historical traits of individual 
worms, we measured the developmental time, brood size 
and lifespan of each N2 worm (Fig. 3A and see Materials  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and Methods). We did not observe any correlation among 
lifespan, developmental time, and brood size (Fig. 3B-D 
and Fig. S3A, D, and G) of N2 individuals; no correlation 
between lifespan and total brood size is also consistent 
with the previous report [32].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure  1.  Lifespan,  developmental  time  and  total  progeny  number  of  wild‐derived  C.
elegans strains. Lifespan (A), developmental time (B), and brood size (C) of 16 selected wild‐derived
C. elegans strains. Please note that FUdR was used  for  lifespan assays to prevent progeny hatching.
Please also note that the averages of  lifespan, developmental time, and brood size of  laboratory N2
strain were mostly similar to those of ancestral N2 (p > 0.05 for all the comparison, except p = 0.004 in
one out of three trials of lifespan assays). Please see Table S1 for statistical analysis. 
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Figure 2. Correlation analysis among developmental time, brood size, and lifespan using populations of wild
C. elegans strains. (A) Developmental time correlated with lifespan (r = 0.540, p = 0.031). (B‐C) In contrast, total progeny
number (brood size) did not correlate with lifespan (B; r = 0.081, p = 0.769) or developmental time (C; r = ‐0.024, p = 0.934).
Each circle indicates an average value obtained from independent experiments with populations of each strain. Error bars
indicate  the  standard error of mean  (s.e.m.).  r  values  are  the Pearson  correlation  coefficients,  and  their p  values were
calculated by using statistical significance  test  (see Materials and Methods). Orange  lines  indicate  linear  regression  lines.
Data for our laboratory N2 and ancestral N2 were shown as red and blue circles, respectively. Note that FUdR was used for
lifespan assays to prevent progeny hatching. See Table S1 for data values and statistical analysis for each strain.  

 

Figure  3.  Correlation  analysis  among  developmental  time,  brood  size,  and  lifespan  using  individuals  of  isogenic wild  C.
elegans strains. (A) A schematic for measuring developmental time from L1 hatchlings to adults, brood size, and adult lifespan
of isogenic individual worms. (B‐C) Lifespan and developmental time (B; r = ‐0.062, p = 0.405) and lifespan and brood size (C; r =
0.121, p = 0.104) did not display a significant correlation. (D) Developmental time weakly but significantly correlates with brood
size (D; r = 0.311, p < 0.001). Marks (crosses for individuals of N2, diamonds for those of CB4856 and circles for those of JU393)
indicate corresponding two parameters of individual worms. r values are the Pearson correlation coefficients, and their p values
were calculated by using statistical significance test (see Materials and Methods). See Fig. S3 for data values for each strain. 
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In addition to N2, we extended our analysis of the 
individuals of C. elegans to two other strains, CB4856, 
one of the most genetically distinct strains from N2 
[33], and JU393, the longest lived strain in our lifespan 
analysis. We confirmed the absence of correlation 
between lifespan and developmental time among the 
individuals of these strains (Fig. 3B and Fig. S3B-C). 
Interestingly, the individuals of CB4856 and JU393 
displayed a positive correlation between lifespan and 
brood size (Fig. 3C and Fig. S3E-F; r = 0.280, p < 0.05 
and r = 0.619, p < 0.001, respectively). These results 
indicate that long-lived individual worms can also be 
prolific. In addition, we noticed the absence of a 
significant correlation between developmental time and 
brood size among individuals of CB4856 and JU393 
strains (Fig. S3H-I).  However, when we combined data 
of individual N2, CB4856 and JU393 strains, 
developmental time weakly but significantly correlated 
with brood size (Fig. 3D; r = 0.311, p < 0.001). 
Nevertheless, our data overall point to the absence of 
correlation between lifespan and developmental time 
among individuals of C. elegans isolates. Thus, it seems 
likely that genetic differences among wild-isolate 
strains are responsible for the negative correlation 
between lifespan and developmental rate. 
 
DISCUSSION 
 
Several reports have shown that long-lived C. elegans 
mutants display fitness costs (reviewed in [6-8]). 
However, studies that examined correlations between 
longevity and early fitness in wild C. elegans are 
relatively scarce [22, 34]. In this report, we determined 
the correlation between longevity and fitness among 
multiple wild C. elegans strains from various 
geographical origins. We showed that worm strains that 
developed slowly tended to live longer, whereas the 
total number of progeny did not correlate with 
longevity. This tendency seems to be attributed to 
polymorphic variants, as we did not observe the 
correlation among isogenic individuals. Consistent with 
our data using C. elegans, long-lived wild-isolate mouse 
strains display a tendency of slow development [35]. 
Conversely, early maturated female primates display 
reduced adult survival rate [36]. Several studies using 
wild vertebrates such as birds, mammals and reptiles 
have also shown a negative correlation between survival 
time and age at first reproduction, which is indicative of 
developmental time (reviewed in [37]). In addition, 
sexual maturation periods of long-lived species are 
generally longer than those of short-lived species [38, 
39]. Moreover, inhibition of growth correlates with 
inhibition of senescence in cultured mammalian cells 

[40, 41]. Thus, our experimental results using wild C. 
elegans strains appear to recapitulate the negative 
correlation between developmental rate and longevity 
both among and within species. 
 
Several studies have previously investigated the 
relationship among key life-history traits using wild C. 
elegans strains [22, 34]. McCulloch and Gems showed 
the absence of correlation between median lifespan and 
adult body size among 12 wild C. elegans strains. We 
noted that 7 strains were common between their study 
and ours, and the tendency of lifespans between these 
two studies seems different from each other (Fig. 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Several noticeable differences in experimental 
conditions exist, including the use of FUdR in our 
study, culture media (solid vs. liquid) and temperatures 
(20.0°C vs. 22.5°C) for lifespan assays, developmental 
rate vs. body length; mean lifespan vs. median lifespan. 
Thus, these different experimental conditions may have 
led to differences in life-history traits among the wild C. 
elegans strains. Another study showed the absence of 
association between longevity and reproduction, as well 
as longevity and development in heterogeneous wild C. 
elegans populations during experimental evolution in 
laboratory [34]. The experimental design of their study 
is suitable for examining a negative correlation between 
lifespan and fitness. Specifically, they used ancestral 

 

Figure 4. Correlation analysis between  lifespan results
in previous study (McCulloch and Gems, 2003) and that
in  this  study.  Shown  are  mean  lifespans  (this  study)  and
median lifespans (McCulloch and Gems, 2003) of seven wild C.
elegans  strains  that were used  in both  studies. The  lifespans
negatively correlated with each other (r = 0.686), although the
correlation  is  not  significant  (p  =  0.089)  perhaps  because  of
small  n  (n=7). Orange  line  indicates  a  linear  regression  line.
Please see Discussion for detailed description. 
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and evolved lines of heterogeneous wild C. elegans 
strains, which were generated by mating multiple wild 
C. elegans strains reciprocally to represent the diversity 
of wild C. elegans. Their experimental setup enriched 
strains with increased early reproduction, which is 
likely to have selected strains with fast development. 
This may have negatively selected strains with long 
lifespan. It will be interesting to determine the 
correlation between lifespan and developmental rate 
among and within ancestral and evolved isogenic wild 
isolates at the same time in future studies. 
 
The ecology of specific C. elegans strains may affect 
various traits measured in laboratory experiments. For 
example, the life-history traits that we examined may 
have been affected by the environmental temperatures, 
to which the strains are adjusted in their natural habitats. 
As an attempt to address this possibility, we analyzed 
the correlation between average annual temperatures of 
the regions that the strains were isolated (Table S3) and 
the life-history traits that we measured. We did not find 
any correlation among the strains that we used (Fig. 
S4A-C). A recent paper has shown that regions of 
isolation had no effect on differences in fertility among 
22 wild C. elegans strains, which is consistent with our 
results [42]. It will be interesting to examine the 
relationship between the ecology and life history traits 
further with more wild C. elegans strains under various 
environmental conditions in the future. 
 
Although our study provides rich information regarding 
life-history traits of various wild C. elegans strains, a 
number of limitations still exist. First, a negative 
correlation between developmental rate and lifespan 
does not directly infer a trade-off. This is because our 
current study lacks data supporting a causal relationship 
for the trade-off. This should be done in future research 
using molecular genomic and genetic approaches. 
Second, the number of strains that we examined covers 
only a small portion of over 200 wild C. elegans strains 
that have been isolated so far [43]. Third, genetic 
variations across wild C. elegans strains are relatively 
low, even among wild isolates that have originated from 
diverse geographic regions [13, 43-45]. Therefore, it is 
possible that multiple linked alleles, not a pleiotropic 
allele, may have affected various traits such as lifespan 
and development by chance. Fourth, our experimental 
conditions are likely to be optimized for the fitness of 
N2, a laboratory reference strain. This may have skewed 
experimental data for various other wild strains 
(reviewed in [46]). In fact, our data are consistent with 
this possibility, because the total progeny number of N2 
was the largest among the wild C. elegans strains that 
we used. It is also possible that laboratory conditions 
may have selected a highly fecund sub-strain of N2 

[47]. Fifth, our experimental setup is far from natural 
environments that C. elegans strains live in. For 
example, although we obtained consistent lifespan 
results with or without FUdR treatment among three 
selected strains, our lifespan analysis for a majority of 
strains was performed with FUdR. Additionally, 
environmental factors such as the presence of pathogens 
and temperature are different from those of nature. This 
may have further differentiated our experimental 
conditions from natural environments. Thus, future 
research using more natural experimental settings, such 
as lifespan assays without FUdR, is required. 
Nevertheless, we believe our study provides valuable 
information to the field of aging research, because this 
is one of the first studies that extensively measured 
correlations among crucial life-history traits in wild C. 
elegans strains. 
 
One of the most recent and influential theories of 
aging is the hyperfunction theory, also known as the 
quasi-programmed theory of aging (reviewed in [3-5, 
48]). The hyperfunction theory of aging suggests that 
aging is a continuation of developmental growth, and 
hyperactivation of developmental programs during 
post-developmental periods leads to pathologies and 
aging (reviewed in [3-5, 48]). Our key data showing 
that fast developing wild C. elegans isolates tend to 
age quickly support the hyperfunction theory of aging. 
At the molecular level, continuous activation of target 
of rapamycin (TOR) signaling, whose inhibition 
delays both development and aging in many species 
(reviewed in [49]), has been suggested as the basis of 
the quasi-programmed aging [50, 51]. Thus, it will be 
worth examining whether the activities of TOR 
signaling among wild C. elegans isolates correlate 
with developmental rate and/or lifespan in future 
research. 
 
MATERIALS AND METHODS 
 
Nematode strains and maintenance. C. elegans strains 
that originated from various geographic regions (Table 
S3) were obtained from Caenorhabditis Genetics 
Center, which is funded by the NIH National Center for 
Research Resources: ancestral N2 (Bristol, UK), AB1 
(Adelaide, Australia), CB4853 (Altadena, USA), 
CB4856 (Hawaii, USA), CB4857 (Claremont, USA), 
CB4858 (Pasadena, USA), ED3053 (Limuru, Kenya), 
GXW1 (Wuhan, China), JU258 (Madeira, Portugal), 
JU393 (Hermanville, France), MY1 (Lingen, Germany), 
MY2 (Münster, Germany), MY16 (Münster, Germany), 
N2 (the reference strain, Bristol, UK), PB303 (unknown 
geographic origin, USA), RW7000 (Bergerac, France), 
TR403 (Madison, USA). The origin of ancestral N2 
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strain is from one of the earliest frozen stocks of N2. All 
strains were maintained on NGM plates seeded with 
Escherichia coli OP50 strain as a food source at 20°C. 
Reference N2 strain was included as a control for all the 
experiments. 
 
Lifespan assays. Lifespan assays were performed as 
previously described with minor modifications [54]. 
Gravid worms were allowed to lay eggs for 12 hours to 
synchronize progeny. When progeny reached young 
adult stages, approximately 100 worms were transferred 
onto four NGM plates containing 5 μM of 5-fluoro-2′-
deoxyuridine (FUdR, Sigma, St. Louis, MO, USA). For 
the experiment shown in Fig. S1, approximately 150 
worms were transferred onto six fresh NGM plates 
without FUdR every 1-2 days until worms did not lay 
progeny. All lifespan assays were conducted 
independently at 20°C at least twice. OASIS (online 
application for the survival analysis, http://sbi.postech. 
ac.kr/oasis) was used for statistical analysis [55]. Worms 
that were missing, burrowed, crawled off, or displayed 
internal hatching or vulval protrusion were censored but 
included in the analysis. Data were analyzed by using 
one-way ANOVA and Tukey’s multiple comparison 
test functions in GraphPad Prism 6 software (free trial 
version). 
 
Measurement of brood size. Total brood size 
measurement was performed as previously described 
with minor modifications [54, 56]. Each L4 stage 
hermaphrodite was transferred to a fresh NGM plate 
every 24 hours for four days. The brood size of each 
worm was the total number of hatched progeny during 
the duration of the assay. Unhatched eggs were not 
counted as viable progeny. Adult worms that were 
missing, burrowed, crawled off, dead, or displayed 
internal hatching or protruding vulvae were excluded 
from the analysis. All brood size assays were performed 
at least three times independently at 20°C. Data were 
analyzed by using one-way ANOVA and Tukey’s 
multiple comparison tests in GraphPad Prism 6 software 
(free trial version). 
 
Measurement of developmental time. Developmental 
assay was performed as previously described with 
minor modifications [57]. Worms were washed off 
replete NGM plates with M9 buffer, and remaining eggs 
were incubated at 20°C for 1-2 hours for 
synchronization. Forty newly-hatched L1 progeny were 
transferred to new OP50-seeded NGM plates and were 
allowed to develop. Worms that have at least one egg in 
their bodies were considered as adults. The number of 
adult worms was counted every 2 hours after 40 hours 
from the L1 transfer. The developmental time of all 16 
wild C. elegans strains were simultaneously measured 

twice independently at 20°C. OASIS (online application 
for the survival analysis, http://sbi.postech.ac.kr/oasis) 
was used for statistical analysis [55]. Data were 
analyzed by using one-way ANOVA and Tukey’s 
multiple comparison test functions in GraphPad Prism 6 
software (free trial version). 
 
Measurement of brood size, developmental rate, and 
lifespan of isogenic individuals. Adult worms were 
washed off replete NGM plates with M9 buffer, and 
remaining eggs were allowed to hatch at 20°C for 1 
hour for synchronization. Newly-hatched individual L1 
worms were transferred to new individual OP50-seeded 
NGM plates, and allowed to develop. Worms that have 
at least one egg in their bodies were considered as 
adults. The developmental time for each worm was 
recorded every 2 hours until the worm reached 
adulthood. The adult worms were then transferred to 
new individual NGM plates every 12 hours until they 
did not lay eggs. The brood size of each worm was the 
total number of hatched progeny during the duration of 
the assay. Worms that ceased producing eggs were 
transferred to new individual NGM plates for continued 
lifespan assays. Worms were considered as alive if they 
moved when prodded. All assays were conducted at 
20°C three times independently. OASIS (online 
application for the survival analysis, http://sbi.postech. 
ac.kr/oasis) was used for statistical analysis for lifespan 
and developmental time [55]. Worms that were missing, 
burrowed, crawled off, or displayed internal hatching or 
sterility were excluded from the analysis. Although 
more than 100 individuals of N2, CB4856 and JU393 
were used for initial experiments, only 82, 64, and 35 
individuals remained respectively for analysis due to 
censoring during performing the assays.  
 
Calculation of p values for the Pearson correlation 
coefficient r. A web-based calculator was used to obtain 
p values (http://www.socscistatistics.com/) for 
correlations in this study. The obtained p values for 
several datasets were also manually confirmed as 
follows. The statistical significance of the Pearson 
correlation coefficient r between two variables xi and yi 
(i = 1, 2, ···, N) was tested under the null hypothesis 
that there is no association between xi and yi. We 
numerically obtained the null distribution of r, when xi’s 
(yi’s) were randomly permuted against yi’s (xi’s). From 
this null distribution, two-sided p values were 
computed.  
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SUPPLEMENTAL DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure S1. Lifespan of N2, GXW1 and  JU393 without FUdR  treatment.  (A) Lifespan of GXW1, which displayed  the
shortest mean  lifespan among wild C. elegans  strains upon  FUdR  treatment  (Fig. 1A), was  shorter  than N2 without  FUdR
treatment  (2  out  of  3  trials).  (B)  JU393, which  displayed  the  longest mean  lifespan  among wild  C.  elegans  upon  FUdR
treatment (Fig. 1A), lived longer than N2 without FUdR treatment (2 out of 2 trials). See Table S2 for statistical analysis. 

 

Figure S2. RW7000 displays slow development and semi‐sterility. The developmental time (A)
(n = 67) and the brood size (B) (n = 8) of RW7000 were compared with N2 at least twice independently.
Error bars represent standard error of mean (s.e.m.) (two‐tailed Student’s t‐test, ***p < 0.001).  
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Figure S3. Correlation analysis among developmental time, brood size, and lifespan using individuals
of isogenic N2, CB4856, and JU393 strains. (A‐C) Lifespan and developmental time among individuals of N2 (A;
r = ‐0.047, p = 0.675), CB4856 (B; r = ‐0.015, p = 0.907), or JU393 (C; r = 0.141, p = 0.420) did not display a significant
correlation.  (D‐F)  Lifespan  did  not  correlate with  brood  size  among  individuals  of N2  (D;  r  =  0.176,  p  =  0.114),
whereas lifespan correlated with brood size among individuals of CB4856 (E; r = 0.280, p = 0.025) and JU393 (F; r =
0.619, p  <  0.001).  (G‐I) Developmental  time  and brood  size  among  individuals of N2  (G;  r  =  ‐0.194, p  =  0.081),
CB4856 (H; r = ‐0.106, p = 0.407), or JU393 (I; r = 0.256, p = 0.138) did not display a significant correlation. 
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Figure  S4.  Correlation  analysis  among  mean  lifespan,  developmental  time,  brood  size  and  average  annual
temperatures of the regions where wild C. elegans strains originated. Average annual temperature of each strain’s origin
did not correlate with mean  lifespan (A; r = ‐0.271, p = 0.330), developmental time (B; r =‐0.340, p = 0.215), or brood size (C; r =
0.010, p = 0.972). Error bars indicate the standard error of mean (s.e.m.). r values are the Pearson correlation coefficients, and their
p values were calculated by using statistical significance test (see Materials and Methods). Orange  lines  indicate  linear regression
lines. Data for ancestral N2 were shown as blue circles. See Table S3 for data values and statistical analysis for each strain. 

Table S1. Analysis of mean lifespan, developmental time, and brood size of the wild strains 
examined in this study 

 

Strain Mean 
lifespan 
±s.e.m. 
(days) 

Sum of animals 
that died/total 
(number of 
trials) 

Mean 
develop-
mental time 
±s.e.m. (hrs)

Sum of 
animals 
that 
reached 
adults/ 
total 
(number of 
trials) 

Mean brood 
size±s.e.m. 

Total 
number 
of tested 
animals 
(number 
of trials) 

AB1 15.7±1.1 261/325 (3) 47.5±0.7 75/80 (2) 173.8±34.8 17 (3) 

CB4853 19.5±1.4 226/296 (3) 51.4±0.3 79/80 (2) 139.5±14.8 20 (3) 

CB4856 16.3±0.8 266/325 (3) 47.9±0.4 53/80 (2) 146.5±21.3 22 (3) 

CB4857 14.5±1.4 283/317 (3) 48.8±0.5 58/80 (2) 141.7±4.5 21 (3) 

CB4858 21.0±0.2  191/296 (3) 49.5±0.2 78/80 (2) 171.3±33.6 13 (3) 

ED3053 18.8±3.0 214/360 (3) 49.9±1.0 66/80 (2) 169.0±11.4 13 (3) 

GXW1 14.3±0.9  265/327 (3) 48.9±1.2 80/80 (2) 170.2±20.6 23 (3) 

JU258 22.1±1.3 201/295 (3) 51.2±0.1 75/80 (2) 152.7±21.8 16 (3) 

JU393 24.5±2.0 262/420 (4) 50.9±2.1 80/80 (2) 162.7±28.1 18 (3) 

MY1 18.2±0.7 209/285 (3) 49.1±1.7 77/80 (2) 79.3±15.3 19 (3) 

 
  
www.impactaging.com                     12                                           AGING, May 2016, Vol. 8 No.5



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MY2 20.6±1.5 198/360 (3) 48.5±0.3 78/80 (2) 160.0±10.8 12 (3) 

MY16 19.5±2.0 130/220 (2) 49.4±0.4 79/80 (2) 207.1±26.9 20 (3) 

N2 19.0±0.8 968/1160 (11) 50.7±0.6 80/80 (2) 231.4±12.1 69 (10) 

N2* 18.5±2.0 224/300 (3) 50.3±0.4 80/80 (2) 245.8±15.0 20 (3) 

PB303 18.0±0.3 134/200 (2) 48.2±0.6 77/80 (2) 209.1±23.9 14 (3) 

TR403 17.4±1.0 269/310 (3) 51.3±0.2 77/80 (2) 114.9±21.1 23 (3) 

     N2*: ancestral N2 

Table S2. Lifespan analysis of N2, GXW1 and JU393 strains without FUdR treatment 
 

Strain Mean lifespan 
±s.e.m. (days) 

75th 
percentile 

% change Number of 
animals that 
died/total 

p value vs. N2 

N2 14.4±0.5 17  68/150  
GXW1 12.5±0.6 17 -13% 54/180 0.0133 
N2 21.6±0.4 24  127/180  
GXW1 18.8±0.6 22 -13% 74/150 0.0001 
JU393 24.0±0.4 26 +11% 91/150 0.0001 
N2 18.3±0.4 22  115/180  
GXW1 18.4±0.5 20 +1% 94/150 0.8901 
JU393 24.5±0.7 28 +34% 71/150 <0.0001 
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Table S3. Summary of information regarding wild C. elegans isolates that were tested 
in this study 
 

Isolate Location of origin Latitude Average 
summer 
temperature 
(°C, High, 
Low)  

Average winter 
temperature (°C, 
High, Low)  

AB1 Adelaide, Australia 34° 93'S 28, 18 14, 8 

CB4853 Altadena, USA 34° 11'N 29.9, 14.3 17.9, 5.7 

CB4856 Hawaii, USA 21° 33'N 27.3, 19.1 24.2, 15.5 

CB4857 Claremont, USA 34° 07'N 32.2, 16.7 20.0, 6.1 

CB4858 Pasadena, USA 34° 09'N 31.4, 15.5 19.1, 5.8 

ED3053 Limuru, Kenya 1° 05'S 25, 12 21, 11 

GXW1 Wuhan, China 30° 37'N 32, 25 7, 0 

JU258 Ribeiro Frio, Portugal 32° 43'N 24, 19 18, 14 

JU393 Hermanville, France 49° 17'N 22, 13 7, 2 

MY1 Lingen, Germany 52° 54'N 24, 13 6, 0 

MY16 Mecklenbeck, Germany 51° 56'N 24, 13 6, 0 

MY2 Roxel, Germany 51° 96'N 24, 13 6, 0 

N2 Bristol, UK 51° 28'N 22, 14 8, 4 

N2 ancestral Bristol, UK 51° 28'N 22, 14 8, 4 

TR403 Madison, USA 43° 04'N 29, 16 -1, -11 

Note that the reference N2 strain, which may have been adapted to  laboratory conditions, was 
excluded from correlation analysis between the annual average temperatures of strains’ regional 
origins and  the  life‐history  traits  (mean  lifespan, developmental  time and brood  size). We also 
excluded  PB303,  which  does  not  have  specific  information  about  regional  origin.  Summer 
temperature  represents  the  average  temperature  of  January  (Southern  hemisphere)  and  July 
(Northern  hemisphere),  respectively.  Conversely,  winter  temperature  represents  the  average 
temparature of July (Southern hemisphere) and January (Northern hemisphere). 


