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Genetic mapping of variation in dauer larvae development in
growing populations of Caenorhabditis elegans

JWM Green1, LB Snoek2, JE Kammenga2 and SC Harvey1

In the nematode Caenorhabditis elegans, the appropriate induction of dauer larvae development within growing populations is
likely to be a primary determinant of genotypic fitness. The underlying genetic architecture of natural genetic variation in dauer
formation has, however, not been thoroughly investigated. Here, we report extensive natural genetic variation in dauer larvae
development within growing populations across multiple wild isolates. Moreover, bin mapping of introgression lines (ILs) derived
from the genetically divergent isolates N2 and CB4856 reveals 10 quantitative trait loci (QTLs) affecting dauer formation.
Comparison of individual ILs to N2 identifies an additional eight QTLs, and sequential IL analysis reveals six more QTLs. Our
results also show that a behavioural, laboratory-derived, mutation controlled by the neuropeptide Y receptor homolog npr-1 can
affect dauer larvae development in growing populations. These findings illustrate the complex genetic architecture of variation
in dauer larvae formation in C. elegans and may help to understand how the control of variation in dauer larvae development
has evolved.
Heredity (2013) 111, 306–313; doi:10.1038/hdy.2013.50; published online 29 May 2013

Keywords: Caenorhabditis elegans; dauer larvae; npr-1; QTL mapping; complex traits; introgression lines

INTRODUCTION

In the nematode Caenorhabditis elegans, dauer larvae are formed
when conditions are unsuitable for growth and reproduction, with
worms developing as dauer larvae in response to low food availability,
high conspecific population density and high temperatures (Golden
and Riddle, 1984; Hu, 2007). Dauer pheromone, a complex mix of
structurally related ascarosides (Jeong et al., 2005; Butcher et al., 2007;
Pungaliya et al., 2009; Park et al., 2012), is used by C. elegans to assess
population density, with these ascarosides also acting to regulate
aggregation, mate recognition and dispersal (Srinivasan et al., 2008;
Harvey, 2009; Pungaliya et al., 2009; Izrayelit et al., 2012; Jang et al.,
2012). Although there is an extensive and detailed understanding of
the genetic pathways that specify dauer and non-dauer larval
development in C. elegans (see Hu (2007) for a review), the ecology
of the species is still poorly understood. Indeed, the natural habitat of
C. elegans, rotting fruit, has been proposed only recently (Kiontke
et al., 2011; Félix and Duveau, 2012). Under such conditions,
populations grow to large sizes (Félix and Duveau, 2012) and the
principle cues for dauer larvae development, pheromone level and
food availability will change as a consequence of the growth and
consumption of bacterial food, and of worm population growth
and pheromone production. Given this, the ecological relevance of the
extensive variation between C. elegans isolates in their sensitivity to
dauer-inducing conditions as assessed by analysing age-matched
individuals at high pheromone concentrations and limiting amounts
of food (Viney et al., 2003; Harvey et al., 2008) is unclear. As methods
to allow the analysis of dauer larvae development in growing
populations have now been validated (Green and Harvey, 2012), we

have investigated variation in dauer larvae formation in growing
populations, conditions that, because of the dynamic nature of the
food and pheromone levels in such assays, will more closely
approximate the natural conditions experienced by the species.
Dauer larvae are generally resistant to environmental stress and

long-lived, and are often crucial for dispersal. There are also clear
phenotypic links between the dauer larvae of free-living species and
the infective stages of many parasitic nematodes (for example, Stasiuk
et al. (2012); and see Sudhaus (2010) for a recent discussion of this
topic). Understanding how dauer larvae development is regulated is
therefore important in determining how nematode parasitism
evolved, in targeting intervention in parasite life histories, and in
predicting how any such interventions will affect selection on
parasites. To investigate the genetic architecture of natural variation
in dauer larvae formation, we analysed a panel of introgression lines
(ILs) derived from the genetically divergent strains CB4856 and N2
(Doroszuk et al., 2009). The genome of an IL is composed of a
recipient genome contributed by one of the parental strains (Bristol
N2) and a short, homozygous segment of the donor genome
contributed by CB4856. We first conducted a straightforward bin
mapping approach, followed by comparisons to a common reference
(N2), and then a sequential pairwise analysis (Shao et al., 2010).
These analyses indicate that the genetic architecture of dauer traits is
highly complex, with a large number of quantitative trait loci (QTLs)
affecting dauer larvae development in growing populations. We
further demonstrate that a laboratory-derived polymorphism con-
trolled by npr-1, a G-protein-coupled receptor related to the
mammalian neuropeptide Y receptor (de Bono and Bargmann,
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1998), can act as a major determinate of dauer larvae formation in
growing populations.

MATERIALS AND METHODS
Worms
N2, DA650 npr-1 (ad609), DA609 npr-1 (n1353) and DA508 npr-1 (g320) were

obtained from the Caenorhabditis Genetics Centre. Wild isolates were obtained

from Marie-Anne Félix (IBENS, Paris, France). The CB4856/N2 ILs used are

described in Doroszuk et al. (2009). They were derived from recombinant

inbred lines obtained from crosses between CB4856 and N2 (see, for details, Li

et al., 2006; Kammenga et al, 2007, 2008; Li et al., 2010; Viñuela et al., 2010,

2012; Elvin et al., 2011; Rodriquez et al., 2012). Isolates were maintained using

standard methods on nematode growth media (NGM) plates (Stiernagle,

1999), with the OP50 strain of Escherichia coli as a food source. All assays were

performed at 20 1C and were initiated with fourth larval stage worms (L4s)

grown from synchronised, arrested, L1s. Within each experiment, plates were

blind-coded and treatments (genotypes) were randomised, with plates that

became contaminated or on which the population had failed to grow

discarded.

Assays
Population assays were performed as described by Green and Harvey (2012),

except that agar concentration was varied, with normal, dauer agar, plates

containing 20 g l�1 and sloppy agar plates containing 4 g l�1. This corrected an

initial issue with the population assays where the wild isolates tended to

burrow into the agar, making recovery and counting impossible. Sloppy agar is

solid enough to hold a pellet of bacterial food, allows worms to burrow freely

and allows recovery of all worms for assay. Comparison of population growth

and of dauer larvae formation on normal and sloppy agar plates indicated that

there are differences in population growth rate and in the population size at

food exhaustion and that dauer larvae formation is much higher in sloppy agar

(Supplementary Figure 1). These data suggest, as would be expected given the

sensitivity of the C. elegans life history to its environment, that the

reproductive schedule is affected by the difference between the two environ-

ments. The higher dauer larvae formation observed in sloppy agar also suggests

that under these conditions, either access to food signals is reduced or access to

dauer pheromone is increased.

For the analyses of the wild isolates and of the ILs, populations were

initiated with 100ml of a 20% (wv�1) suspension of E. coli in water and

monitored daily until food exhaustion, when the population size and the

number of dauer larvae were determined as described by Green and Harvey

(2012). Wild isolates were analysed in two experimental blocks with an N2

control in each block and 10 plates per isolate. Testing the N2 controls of these

two batches showed that they were not different (F1,17¼ 4.37, P¼ 0.052 and

F1,17¼ 0.05, P¼ 0.82, for population size and dauer larvae formation,

respectively). The two batches were therefore grouped and investigated as a

combined set. Differences between the different wild isolates and N2 were

tested by a two-sided Student’s t-test, assuming unequal variance. The wild

isolates and N2 were then grouped by significance (see Figure 1). These data

were also used to estimate the heritability of the analysed traits. This was

calculated by taking the adjusted sum of squares of the components in an

analysis of variance, with genotype and batch fitted as factors. The adjusted

sum of squares of the genotype term was then used as the among genotype

variance, which was divided by the total variance to obtain the heritability. The

CB4856/N2 ILs were analysed in six experimental blocks, one per chromo-

some, with all ILs from that chromosome and both CB4856 and N2 controls

analysed in each block and between 10 and 15 plates initiated per isolate (this

varied depending on the number of ILs per chromosome and was required to

limit the total assay size). To further investigate individual QTLs, specific ILs,

and the effect of variation in npr-1 genotype, additional assays were under-

taken as described above. To investigate the effect of variation in npr-1

genotype, individual isolates were compared, as described above, with isolates

compared by a two-sided t-test, assuming unequal variance. To address the

significance and effect of any mutation in npr-1 on dauer formation, we fitted

linear models to investigate the effects of genotype, genotype and batch, and

genotype, batch and population size.

Mapping
For all mapping procedures, the chromosomes are treated as separate

experiments. This can be carried out because all the ILs for one chromosome

and N2 and CB4856 controls are measured within one experiment. Thresholds

can be found in Supplementary Tables 1 and 2. This design maximises our

ability to detect variation between ILs as comparisons are made between ILs

within a chromosome and between individual ILs and the N2 controls for that

block. However, as ILs on the same chromosome were assayed together, linkage

is conflated with growth condition variation and other potential block effects.

This approach therefore limits the value of estimates of QTL effect size and

means that comparisons of effect sizes between QTLs on different chromo-

somes should be carried out with caution.

Bin mapping. Data from the ILs were analysed by bin mapping using a linear

model as described by Doroszuk et al. (2009). ILs were grouped per marker per

chromosome, and tested against the N2 controls from the same block

(Supplementary Figure 2). The chromosome-wide significance threshold was

determined by 1000 permutations by randomly distributing the phenotypic

values over the ILs and N2 per test. So for marker X, the individual phenotypic

scores of N2 and the ILs containing an introgression on marker X were taken

and randomly re-distributed (Supplementary Figure 3). In this way, the genetic

structure of the IL population was kept intact. For all analyses, outliers per

genotype (outside the mean±2 s.d.) were removed per group before testing.

No genotypes were removed completely and the maximum number of outliers

per genotype was 2 (out of ca. 15) (see Supplementary Figure 2 for an example

of this). In each permutation run, the maximum of each chromosome/

experiment-wide permutation profile was taken. These 1000 maximum values

were ordered and the 950th value used as the 0.05 false-positive rate threshold

(Supplementary Table 1).

Single IL mapping. Genomic regions affecting variation in population size,

the total number of dauer larvae and the percentage of dauer larvae at food

exhaustion were also mapped by comparing each IL against N2 and testing for

a significant difference by a two-sided t-test, assuming unequal variance. The

P-values were Bonferroni adjusted to correct for multiple testing. The ILs with

Bonferroni-corrected P-values p0.05 were determined to be significantly

different from N2. QTLs were then defined by comparing the results of

overlapping and bordering ILs as is standard for the mapping of QTLs by ILs.

In addition, all ILs per chromosome were tested for significant differences.

Groups were made when lines were not statistically different (P40.01). In this

way, the genomic limits the various QTLs were placed. Closely linked QTLs

were tested by a linear model in which the phenotypic scores of all the ILs

involved were explained by the two QTLs (Supplementary Figure 4).

Sequential IL analysis. This method was proposed by Shao et al. (2010) and

adjusted to the population used in this study. ILs that share one break-point

were selected and used in sequential (two by two) analyses to identify QTLs. A

two-sided t-test, assuming unequal variance, was used to determine signifi-

cance, with a Bonferroni adjustment of the P-values used to correct for

multiple testing. The pairs of ILs with genome-wide Bonferroni-corrected P-

values p0.05 were considered to be significantly different and to indicate the

presence of a QTL.

RESULTS

Comparison of wild isolates
The population size and the number of dauer larvae at food
exhaustion were determined for 20 wild isolates and N2. These data
indicate that many of the wild isolates have significantly more dauer
larvae at food exhaustion than N2, with only two isolates showing a
lower number of dauer larvae (Figure 1a). In contrast, the observed
pattern for population size was reversed, with more isolates showing a
lower population size than N2 (Figure 1b). Across the wild isolates,
there was no indication that the number of dauer larvae was
correlated with the population size (Pearson’s product–moment
correlation: r¼ 0.08, P¼ 0.73), a situation that would be expected if
variation in dauer larvae development was purely a consequence
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variation in traits affecting population growth rates. This conclusion
is supported by the observed pattern of variation in the percentage of
dauer larvae (Figure 1c). Estimates of heritability indicate a higher
heritability for the dauer larvae development traits (0.86 and 0.71 for
the total number of dauer larvae and the percentage of dauer larvae,
respectively) than for population size at food exhaustion (0.38). These
analyses demonstrate that the differences between the wild isolates
have a genetic basis. Data from Andersen et al. (2012) identifies four
of these wild isolates, JU1401, JU1409, JU1410 and JU1411, as
belonging to a clonal set, defined as having fewer single nucleotide
polymorphisms between isolates than expected given the false-positive
rate in sequence data from ca. 8% of the genome. Here, our analyses
identify no differences between these lines in population size, but
indicate that the number of dauer larvae at food exhaustion is higher
than in N2 for JU1409, JU1410 and JU1411, but not for JU1401
(Figure 1a).

IL analysis
Population size and the number of dauer larvae present were
determined at food exhaustion for 85 ILs, representing 496% of
the CB4856 genome introgressed into the N2 genome (Doroszuk
et al., 2009). Both of the traits were found to be variable between ILs,
with the number of dauer larvae varying far more than the population
size (Supplementary Figures 5 and 6) and the variation for percentage
dauer larvae closely mirroring that observed for dauer larvae numbers
(Supplementary Figure 7). The parental strains N2 and CB4856
showed a different number of dauer larvae at food exhaustion. In N2
dauer larvae are always formed, whereas in CB4856 only a very low
number of dauer larvae are formed. Bin mapping in the ILs identified
10 dauer larvae formation QTLs on four chromosomes (Figure 2a),
eight where the CB4856 allele decreases the number of dauer larvae
and two that increase the number of dauer larvae (Table 1). So, even
though CB4856 hardly forms any dauer larvae under these
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Figure 1 Natural variation in growing populations. The number of dauer larvae (a), the population size (b) and the percentage dauer larvae (c) at food

exhaustion for N2 and 20 wild isolates. Dotted black horizontal lines show mean N2 values. Means per line are shown by the solid circle. Error bars
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circumstances, the isolate still contains alleles that, in an N2 genetic
background, have a positive effect on dauer larvae formation. Bin
mapping of population size in the ILs did not identify any QTLs,
while mapping of the percentage dauer larvae identified six QTLs
(Supplementary Figure 8 and Supplementary Table 3), five of which
colocalise with QTLs identified in the mapping of the number of
dauer larvae (Table 1).
Analysis of individual ILs vs N2 indicated that bin mapping

underestimates the number of loci affecting variation in all traits,
identifying a further eight QTLs affecting the number of dauer
larvae (Figure 2b, Supplementary Figure 9 and Table 1). For example,
analysis of the chromosome V ILs identifies an additional QTL
affecting dauer larvae development, where the CB4856 genotype
acts to decrease the number of dauer larvae (Figure 3). It is
particularly noteworthy that several of the QTLs detected individually
switch the phenotype from one parental form to another
(Supplementary Figures 6 and 7). Similar analyses identify four
QTLs affecting population size and an additional 10 QTLs affecting
the percentage of dauer larvae (Supplementary Table 3 and
Supplementary Figure 9). Again QTLs affecting the percentage of
dauer larvae predominantly colocalise with QTLs identified in the
mapping of the number of dauer larvae (Table 1). It should be
mentioned here that comparison to a common reference N2 does
not attempt to predict trait architecture, but merely to localise
QTLs that act in the same direction as the parental difference.
Sequential IL analysis of the number of dauer larvae identifies,
at a genome-wide significance threshold, 20 QTLs (Figure 2c,
Table 1 and also see Supplementary Table 4). The bulk of these
QTLs (14/20) match those identified by the other methods, but
this approach does identify six additional QTLs (Figure 2c and
Table 1). As would be expected given the nature of the comparisons
made in this analysis, the QTLs found only by this approach are
all ones where the CB4856 allele increases the number of dauer
larvae (Table 1).

QTL confirmation
To test the QTLs detected here, ILs spanning the X chromosome were
retested. These data indicated that QTLs 19, 21, 22 and 24, which
were all detected via the bin mapping, could be detected in both data
sets (Table 2). QTL 22, which was only detected in the sequential
mapping via comparison of ewIR079 and ewIR080, was also
significant in the retest, with a similar effect size observed in both
data sets (Table 2). QTL 23 was not detected in the retest.
Separate assays were also undertaken to investigate the neuro-

peptide Y receptor homolog npr-1. This locus is of interest as the
lab-derived (McGrath et al., 2009), N2 allele of npr-1 has been found
to be important in a number of phenotypes (for example, Doroszuk
et al., 2009; McGrath et al., 2009; Reddy et al., 2009; Gaertner et al.,
2012). This locus was therefore investigated using the isolate DA650,
which contains the g320 npr-1 allele from RC301 backcrossed 10
times into an N2 background (Gloria-Soria and Azevedo, 2008), and
isolates DA609 and DA508, which contain different npr-1 loss-of-
function alleles (de Bono and Bargmann, 1998). Analysis of these
isolates indicates that npr-1 affects dauer larvae formation in growing
populations (see Supplementary Table 5 for full model), with alleles
that produce a bordering phenotype lowering the number of dauer
larvae produced (Figure 4). Interestingly, these analyses indicate that
the effect of variation in npr-1 on dauer larvae formation is allele-
specific, with a much stronger effect on dauer larvae development
observed in DA609 (Figure 4 and Supplementary Table 5).

DISCUSSION

Here, we have demonstrated extensive variation in both dauer larvae
formation and population size in growing populations of C. elegans
(Figure 1). Interestingly, dauer larvae formation is significantly higher
in many of the wild isolates studied than it is in N2. This contrasts
with previous observations that, in standard dauer larvae develop-
ment assays, N2 had higher rates of dauer larvae formation than all
tested wild isolates (Viney et al., 2003; Harvey et al., 2008). This may
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imply that wild isolates are more sensitive to their own pheromone
than they are to N2 pheromone (as used in Viney et al. (2003) and
Harvey et al. (2008)). Alternatively, this may reflect variation between
the isolates in aspects of their biology that are not captured by
standard dauer larvae development assays. For example, dauer larvae
formation in growing populations would be affected by variation
between isolates in population growth rates and by differences in rates
of pheromone production, traits that would not affect the results of
standard dauer larvae development assays. This result also makes an
interesting comparison to the findings of Mayer and Sommer (2011),
who showed that 13 out of 16 tested strains of Pristionchus pacificus
produced a pheromone that induced higher dauer larvae formation in
different genotypes. This suggests that P. pacificus is attempting to
induce precocious dauer larvae formation in other strains (Mayer and

Sommer, 2011). Given these differences, it would be interesting to
investigate how growing populations of C. elegans respond to
pheromone from different isolates and to investigate the properties
of mixed-genotype growing populations in both C. elegans and
P. pacificus.
Mapping of dauer larvae development and of population size in the

ILs identified a total of 24 QTLs for dauer larvae development
(Table 1), with these QTLs found to be robust and reproducible
(Table 2). This represents an unprecedented number of QTLs for a
single trait from one mapping panel in C. elegans. The identification
of these QTLs in the ILs provides a simplified and tractable approach
to further genetic analysis of these loci. The developmental choice
between dauer and non-dauer larvae development is based on
assessment of the levels of various ascarosides (Jeong et al., 2005;

Table 1 Locations and effect of QTLs detected for the number of dauer larvae

Chr. QTL Limits Effect Sequential IL mapping IL mapping Bin mapping Other traits

I 1 1.9–3.5 P 1.9–8.7, (N2,02) 1.9–3.5, (02) X þ% Dauer

2 4.3–9.6 N 4.3–9.6, (04,06) 7.9–9.6, (05,06) X �% Dauer

3 10.3–11.1 P 8.7–11.1, (06,07)

P 10.3–11.8, (13,14)

4 9.6–11.1 N 9.6–11.1, (13) �% Dauer

II 5 0–2.8 N 0–2.8, (N2,19) 0–2.8, (19) �% Dauer

6 1.7–3.4 P 1.7–3.4, (19,20)

7 12.6–14.0 N 12.6–14.0, (25,26) 11.8–14.0, (26)

8 11.2–12.6 P 11.2–12.6, (24) �% Dauer

9 13.2–17.5 P 13.2–17.5, (26,27)

III 10 2.5–8.3 P 2.5–8.3, (40,36)

11 8.0–10.6 N 8.0–10.6, (N2,40) 8.0–10.6, (40) �% Dauer

12 10.0–11.3 P 10.0–11.3, (40,41)

IV 13 0.8–2.3 N 0–2.3, (N2,45) 0.8–2.3, (45,46,48) X �% Dauer

14 2.3–3.9 N 2.3–3.9, (N2,53) 2.3–3.9, (52,53) �% Dauer

15 9.1–10.9 N 9.1–10.9, (52) X

16 11.7–13.7 N 11.7–13.7, (52,58,59,60) X

V 17 11.8–14.0 P 10.4–17.4, (75,70) 11.8–14.0 (69,71,72) X þ% Dauer

P 11.8–14.0, (N2,72)

18 17.4–19.5 N 17.4–19.5, (77,76) 17.4–19.5, (75,76) �% Dauer

X 19 0–1.5 N 0–1.5, (78,79,81) X �Popn. size

�% Dauer

20 1.5–3.3 P 1.5–3.3, (79,80)

21 3.3–5.8 N 2.4–9.3, (80,81) 3.3–5.8, (81) X �Popn. size

22 5.8–8.0 N 5.0–8.0, (N2,83) 5.8–8.0, (81,83,85,86) X �Popn. size

�% Dauer

N 5.8–8.7, (N2,85)

N 5.8–9.3, (N2,86)

23 8.7–11.1 P 8.7–11.1, (N2,87) 8.7–11.1, (87)

24 13.9–17.6 N 12.9–17.6, (N2,89) 13.9–17.6, (89,90) X �Popn. size

þ% Dauer

Abbreviations: IL, introgression line; QTL, quantitative trait loci; N, negative; P, positive.
Limits denote the maximum possible QTL region. For the sequential and IL mapping, the limits defined by those analyses and the ILs tested are given. Other traits mapping to these regions are
also noted. QTLs defined only by sequential IL mapping are shown in bold.
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Butcher et al., 2007; Pungaliya et al., 2009; Park et al., 2012), on food
availability and temperature (Golden and Riddle, 1984) and poten-
tially on an assessment of individual quality (Harvey and Orbidans,
2011). Within growing populations, variation between genotypes in
the number of dauer larvae could therefore be a consequence of
variation in traits that affect the likelihood of dauer larvae develop-
ment, the perception of the environment, or the way in which the
population grows.
One potentially confounding factor is that ILs can reveal the

presence of Dobzhansky–Muller incompatibilities. In this case, IL
regions displaying Dobzhansky–Muller incompatibilities might reduce
population growth rates and hence affect dauer larvae development
via effects on pheromone accumulation. This would be manifested as
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Table 2 Retest of the ILs of the X chromosome

IL Batch Total dauer

difference with

N2

Batch Total dauer

difference

with N2

Same

sign

Significant

in both

ewIR078 A �352.5 B �442.1 Y N

ewIR079 A �445 B �1086.8 Y Y

ewIR080 A 31.7 B �511.8 N N

ewIR081 A �623.75 B �1193.8 Y Y

ewIR082 A �190.7 B �465.2 Y N

ewIR083 A �455 B �882.1 Y Y

ewIR084 A �289.4 B �893.8 Y Y

ewIR085 A �611.7 B �1177.8 Y Y

ewIR086 A �402.5 B �156 Y N

ewIR087 A 326.3 C �200 N N

ewIR088 A 95 C 200 Y N

ewIR089 A �556.1 C �355.6 Y Y

ewIR090 A �316.7 C �477.8 Y Y

Abbreviations: IL, introgression line; N, no; Y, yes.
Total dauer difference with N2 per batch. Values in bold are significantly different from N2
(from the same batch). Same sign column shows if the difference is in the same direction in
both tests. Significant in both shows if the difference is significant in both tests.
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additional QTLs where the CB4856 allele negatively affected both
population size and dauer larvae development. Most QTLs do not
show such effects, but QTLs displaying these characteristics are
detected on the X chromosome (Table 1) and a large number of
negative effect QTLs are also seen on chromosome IV.
Given the large number of QTLs detected (Table 1) and the large

number of loci known to be able to, either singly or in combination,
affect dauer larvae development, potential candidate genes underlying
most QTLs were not investigated in detail (cf. Terpstra et al., 2010). It
is however clear that variation at the npr-1 loci does affect dauer
larvae development in growing populations (Figure 4) and it is likely
that it is variation in npr-1 that underlies QTL 21. This effect of social
behaviour on dauer larvae formation is a clear example of an indirect
effect on dauer larvae development, particularly given that it has
previously been shown that there is no effect of bordering on dauer
larvae development in standard dauer assays (Viney et al., 2003). As
lower numbers of dauer larvae are observed in the npr-1 mutants, the
opposite result to what one might predict if clumping behaviour
produces high local pheromone concentrations and low local food
levels, the reduction of dauer larvae development may be similar to
the effects on dauer larvae development seen as a consequence of
reduced maternal food availability (Harvey and Orbidans, 2011), that
is, a harsher maternal environment resulting in the production of
progeny that are less likely to develop as dauer larvae. The reduced
numbers of dauer larvae formed in the npr-1 mutants also suggests
that there is significant genetic variation which would act to increase
dauer larvae development in many wild isolates (Figure 1), as the
majority of these lines display the clumping phenotype.
There is a strong possibility that variation between isolates in dauer

larvae formation is a consequence of variation in the chemoreceptors
required to sense both pheromone and food signals. As ascaroside
signalling is known to be complex, with some receptors showing
excessive specificity and others able to respond to a range of
ascarosides (Kim et al., 2009; McGrath et al., 2011; Park et al.,
2012), variation in receptor sensitivity would allow fine-tuning of the
dauer larvae development decision. Interestingly, QTL 24 on the X
chromosome colocalises with individual markers identified as being
associated with variation in dauer larvae formation between N2 and
DR1350 (Harvey et al., 2008) and contains srg-36 and srg-37, genes
known to encode receptors for ascaroside C3, one of the components
of C. elegans pheromone (McGrath et al., 2011).
Currently available isolates of C. elegans are characterised by a

limited number of large and relatively common shared haplotypes on
four chromosomes (Andersen et al., 2012), with population genetic
modelling suggesting that this pattern of variation is a consequence of
recent chromosome-scale selective sweeps (Andersen et al., 2012).
Given the association between C. elegans and rotting fruit (Kiontke
et al., 2011), it is tempting to speculate that human-induced changes in
the prevalence and morphology of various fruits may be related to these
selective sweeps. If this is the case, then it is possible that dauer larvae
development in growing populations is one of the traits under
selection. The large number of QTLs identified here also contrasts
with the three dauer larvae development QTLs identified by Harvey
et al. (2008) in an analysis of recombinant inbred lines produced from
crosses between N2 and DR1350. Given the genetic isolation of CB4856
from DR1350 and N2 it would therefore be very informative to
determine if the more complex architecture revealed here between
CB4856 and N2 is a consequence of the differences in methodologies
(analysis of ILs and of growing populations) or reflects differences due
to selective history. It is, however, clear that it would be very worthwhile
developing and analysing additional genome-wide IL sets in C. elegans.
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