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Abstract: 32 

The detection of chemical stimuli is a fundamental driver of animal behavior. Odorants 33 

and tastants provide essential information about not just food availability and quality, but 34 

also about environmental conditions and safety. However, much of what we know about 35 

how animals respond to their surroundings comes from the study of a limited number of 36 

laboratory-adapted strains of model organisms. In the case of C. elegans, chemosensory 37 

research has focused almost exclusively on the N2 strain first isolated in Bristol, England 38 

in 1951 and which has been deemed the wild-type reference for studies of the species 39 

since that time. A collection of hundreds of wild C. elegans strains gathered from around 40 

the globe and whole-genome sequence data are now available through the 41 

Caenorhabditis Natural Diversity Resource. Using these resources, we assessed natural 42 

variation in behavioral sensitivity to the aversive odorant 1-octanol. We found that the wild 43 

strains either responded similarly to N2 or were less sensitive. No hypersensitive strains 44 

were seen among those tested. Using genome-wide association studies we identified a 45 

single QTL on the right arm of chromosome II correlated with diminished behavioral 46 

avoidance of 1-octanol and confirmed its role using near-isogenic lines. Building upon our 47 

recent report of wild strain taste responses, this study is only the second of this scale to 48 

investigate how natural genetic variation shapes C. elegans chemosensory behavior, 49 

focusing for the first time on olfaction. 50 

 51 

  52 
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Introduction: 64 

The senses of smell and taste (combined referred to as chemosensation) provide 65 

animals with important information about the availability of food and potential mates, or 66 

the presence of harmful/toxic compounds and possible predators, in their environment. 67 

Over many decades, genetic screens and targeted experiments in model organisms have 68 

revealed key signaling molecules and neurons required for distinct chemosensory 69 

modalities in animals ranging from worms and insects to mammals (PRASAD AND REED 70 

1999; BARGMANN 2006; GERBER AND STOCKER 2007; FERKEY et al. 2021; KEESEY 2022). 71 

However, a limitation of these studies, as with most animal models, is that they rely 72 

primarily on a limited number of laboratory strains for analysis. As a result, relatively little 73 

is known about how naturally occurring genetic variation influences these behavioral traits 74 

across species. 75 

In the case of Caenorhabditis elegans, the isogenic laboratory-adapted strain 76 

named N2 was first isolated in 1951 from mushroom compost in Bristol, England 77 

(BRENNER 1974; STERKEN et al. 2015) and has been a particularly fruitful model for the 78 

study of chemosensory behaviors for over six decades (BARGMANN 2006; FERKEY et al. 79 

2021). Although early experiments focused on identifying attractive and aversive 80 

chemicals to which the nematode responded to in the laboratory (DUSENBERY 1973; WARD 81 

1973; DUSENBERY 1974; DUSENBERY 1975; BARGMANN et al. 1993), we now know that C. 82 

elegans is found worldwide in rotting plant environments that are rich in microbes 83 

associated with decaying vegetable matter (FREZAL AND FELIX 2015). Among the bacterial 84 

strains associated with C. elegans in the wild are nutritious species that likely emit volatile 85 

chemicals that serve as long-range attractive olfactory cues to drive chemotactic behavior 86 
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(CHOI et al. 2016; SAMUEL et al. 2016; SCHULENBURG AND FELIX 2017; WORTHY et al. 2018; 87 

SIDDIQUI et al. 2025).  However, some soil microbes are also harmful to C. elegans, 88 

including pathogenic and nematocidal bacteria that release soluble chemicals that could 89 

alert the nematode to their presence and trigger avoidance (PRADEL et al. 2007; MEISEL 90 

et al. 2014; TRAN et al. 2017). Aversive odorants, including 1-octanol and 2-nonanone, 91 

might also indicate the presence of fungi or pathogenic bacteria (KAMINSKI et al. 1974; 92 

SHARPELL 1985). However, with limited exceptions (VOLKERS et al. 2013; GLATER et al. 93 

2014; CROMBIE et al. 2022; LANSDON et al. 2022; AMOROSO et al. 2024; POLK et al. 2025), 94 

little is known about how genetically diverse wild C. elegans strains respond to potential 95 

environmentally relevant chemical cues.     96 

The detection of noxious/aversive stimuli (nociception) is evolutionarily important 97 

for animal survival (SNEDDON et al. 2014; SNEDDON 2015; TRACEY 2017). The N2 98 

laboratory strain of C. elegans avoids many soluble and volatile compounds (BARGMANN 99 

2006; FERKEY et al. 2021; FRYER et al. 2024), including the bitter plant alkaloid quinine 100 

(HILLIARD et al. 2004), heavy metals such as copper (BARGMANN et al. 1990; SAMBONGI et 101 

al. 1999), the detergent SDS (BARGMANN et al. 1990; HILLIARD et al. 2002), alcohols such 102 

as 1-octanol (BARGMANN et al. 1993; TROEMEL et al. 1995; TROEMEL et al. 1997; CHAO et 103 

al. 2004), ketones including 2-nonanone (BARGMANN et al. 1993)}(TROEMEL et al. 1997; 104 

TANIMOTO et al. 2017), and even high concentrations of several odorants that are normally 105 

attractive at low concentrations (BARGMANN 2006; FERKEY et al. 2021). Self-protective 106 

reversal responses are initiated by activation of nociceptive sensory neurons (primarily 107 

the ASH pair), which relay signals to downstream interneurons and motor neurons that 108 

drive backward locomotion (WHITE et al. 1986; BARGMANN et al. 1990; TROEMEL et al. 109 
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1995; SAMBONGI et al. 1999; HILLIARD et al. 2002; HILLIARD et al. 2004; BARGMANN 2006; 110 

LIU et al. 2018; FERKEY et al. 2021). 111 

In 1998 C. elegans became the first multicellular eukaryotic organism to have its 112 

whole genome sequenced, with focus on the commonly used laboratory-adapted strain 113 

N2 (BERKS 1995; CONSORTIUM 1998). Release of these sequence data revolutionized 114 

genetic studies in the animal, but with the limitation that they were not reflective of the 115 

genomic variation that exists among diverse individuals of the species. More recently a 116 

collection of >650 wild strains, along with whole-genome sequence data, has become 117 

available through the Caenorhabditis Natural Diversity Resource (CaeNDR, 118 

https://caendr.org), positioning C. elegans as a powerful model for genome-wide 119 

association (GWA) studies (COOK et al. 2017; CROMBIE et al. 2024). We recently reported 120 

natural variation in response to three aversive tastants (quinine, copper, and SDS) and 121 

identified associated quantitative trait loci (QTL) for each (POLK et al. 2025). Using the 122 

wild strains and resources available from CaeNDR, we have now investigated natural 123 

variation in behavioral sensitivity to the aversive olfactory stimulus 1-octanol across >150 124 

wild C. elegans strains. Surprisingly, we found that among the strains assayed, response 125 

sensitivity to 15% 1-octanol only ranged from hyposensitive to an N2-like response, 126 

without any observed hypersensitivity.  127 

Among the suite of stimuli that have now been tested, only 1-octanol and quinine 128 

are thought to signal through G protein-coupled receptor pathways. We uncovered a 129 

correlation between responses to this odorant and tastant that was not seen in any other 130 

pairwise comparison. Using genome-wide analysis we identified a chemosensory QTL 131 

correlated with dilute 1-octanol response and validated its contribution to this behavioral 132 
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trait. This 1-octanol QTL overlaps with a QTL that we previously identified for differential 133 

quinine responses (POLK et al. 2025), suggesting that some of the genomic variants 134 

across this region could affect genes encoding signaling and/or regulatory molecules 135 

shared by the two G protein-coupled pathways, although changes that uniquely affect 1-136 

octanol and quinine responses are also likely. Taken together, our work has begun to 137 

uncover how naturally occurring genetic diversity influences how animals interact with 138 

their environment, while linking distinct behavioral modalities (smell/taste) that arise from 139 

shared signaling networks. 140 

 141 

 142 

  143 
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Materials and Methods: 144 

 145 

C. elegans Culture 146 

Wild strains and N2 used for behavioral analysis were maintained under standard 147 

conditions on NGMA (nematode growth medium containing 1% agar and 0.7% agarose) 148 

agar plates (ANDERSEN et al. 2012) seeded with the OP50 strain of Escherichia coli 149 

bacteria (BRENNER 1974). NGMA plates were used to minimize burrowing by the wild 150 

strains.  151 

 152 

Strains 153 

 For lists of strains used in this study (all wild strains used, the subset of strains 154 

used for GWA, and NILs), see Supplemental File 1. Behavioral response to 15% 1-155 

octanol is also given for all wild strains (time to respond in seconds) in the first tab.  156 

 157 

Octanol Assays 158 

Wild strains were freshly thawed, bleached to get rid of any contamination, and 159 

subsequently maintained for three generations at 20C on NGMA (ANDERSEN et al. 2012). 160 

Octanol avoidance assays were performed as previously described (TROEMEL et al. 1995; 161 

HART et al. 1999; CHAO et al. 2004; EZAK AND FERKEY 2010; EZAK et al. 2010; 162 

KRZYZANOWSKI et al. 2013; LIKHITE et al. 2015). Briefly, young adult C. elegans were 163 

moved from NGMA plates with OP50 to transfer plates without OP50 to remove residual 164 

bacteria, and then to NGMA plates lacking the bacteria and allowed to acclimate “off food” 165 

for 20 minutes prior to assaying. A hair dipped in octanol was placed in front of a forward 166 
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moving animal and response was scored as the amount of time it took for the animal to 167 

initiate backward locomotion. Time was kept with a metronome set to 60 beats per minute. 168 

Assays were stopped at 20 seconds because animals typically spontaneously reverse ~3 169 

times per minute as they explore their environment. Thus, for these assays a longer time 170 

to respond is indicative of diminished behavioral response. Wild strain response assays 171 

(15% 1-octanol, Figure 1 and Supplemental File 1) were performed in triplicate (10-15 172 

animals per plate) over the course of several months, all by the same researcher. 173 

Response assays for 100% 1-octanol (Supplemental Figure 3) were performed in 174 

duplicate on three separate days (six replicates total for each). Each animal was tested 175 

only once and the average time to respond of the three plates is reported (without relative 176 

calculations). The N2 strain was included as the control for behavioral reproducibility each 177 

day, with the final N2 data representing the average time to respond of all N2 plates 178 

assayed in parallel to the wild strains. Assays performed using the NIL strains (Figure 4) 179 

were performed in duplicate over three days (six replicates total for each), in parallel with 180 

N2. Following outcrossing to generate the NILs, strains were maintained and assayed on 181 

NGM plates (BRENNER 1974). Control experiments indicated no significant differences 182 

between behavioral responses of animals grown on NGM versus NGMA plates. 1-octanol 183 

was purchased from Argos Organics (catalog number 150632500) and diluted in 100% 184 

ethanol for 15% 1-octanol avoidance assays. 185 

 186 

Correlations 187 
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 10 

Correlation graphs were plotted in R using the package ggplot2 with the line of 188 

best fit setting (WICKHAM 2016). Correlation statistics, the R2, and p-values for each 189 

stimulus comparison were calculated using the summary statistics in base R.  190 

 191 

Genome-Wide Association (GWA) Studies 192 

To test for correlations, GWA analyses were performed using the CaeNDR 193 

“Genetic Mapping” tool (https://caendr.org), as previously described (COOK et al. 2017; 194 

ZDRALJEVIC et al. 2019; LEE et al. 2021; WIDMAYER et al. 2022). To minimize the effect of 195 

the high variability in Hawaiian genomes, a subset of the wild strains tested for was used 196 

(one Hawaiian strain, one from an unknown location). We used two GWA methods that 197 

both correct for individuals’ relatedness between populations (CROMBIE et al. 2024). The 198 

INBRED association mapping uses a genomic relatedness matrix made specifically for 199 

organisms that are inbred (such as C. elegans) and corrected for genetic stratification. 200 

LOCO (leave-one-chromosome-out) excludes markers on the chromosome being left out, 201 

and associations are determined from the remaining chromosome markers. Both 202 

associations were visualized using Manhattan plots. For full GWA results with test 203 

statistics, see Supplemental File 2. 204 

 205 

Near-Isogenic Lines (NILs) 206 

 Near-isogenic lines (NILs) were made as previously described (ZDRALJEVIC et al. 207 

2017; EVANS et al. 2018; ZDRALJEVIC et al. 2019; NYAANGA AND ANDERSEN 2022). See also 208 

(POLK et al. 2025). NILs were created using a wild strain with a common haplotype in the 209 

QTL (WN2066) crossed with N2 animals. After strains were backcrossed four times, the 210 
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NILs were whole-genome sequenced (ZDRALJEVIC et al. 2017; EVANS et al. 2018; 211 

ZDRALJEVIC et al. 2019). Other regions of donor strain sequence were present in other 212 

spots of the genome, but for N2>WN2066, these small regions were not shared between 213 

the two NILs. For the two WN2066>N2 NIL lines, two shared regions of WN2066 genomic 214 

DNA were outside the QTL (position 1 – 591,019 of chromosome III, which corresponds 215 

to 4.3% of the chromosome, and position 5,379,628 – 10,590,675 of chromosome X, 216 

which corresponds to 29.4% of the chromosome). However, neither the INBRED nor 217 

LOCO GWA analyses revealed significant peaks in these regions. 218 

 219 

  220 
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Results: 221 

 222 

Response to Dilute 1-Octanol Varies Among C. elegans Wild Strains 223 

 We previously reported a large range in sensitivity among hundreds of wild C. 224 

elegans strains to the ASH-detected aversive tastants quinine, copper and SDS (POLK et 225 

al. 2025), and a small pilot study comparing ten wild strains to N2 suggested that natural 226 

variation might also exist in response to the aversive odorant 1-octanol (CROMBIE et al. 227 

2022). That study examined 100% 1-octanol, the concentration to which the N2 laboratory 228 

strain typically responds within 2-3 seconds. Therefore, in an effort to assess both 229 

decreased and increased response sensitivities to 1-octanol relative to N2, we diluted 1-230 

octanol to 15%, the concentration to which N2 reliably responded within ~10 seconds, 231 

and assayed 156 wild strains obtained from the Caenorhabditis Natural Diversity 232 

Resource (CaeNDR) (COOK et al. 2017; CROMBIE et al. 2024). Within this wild strain set, 233 

all responded with either similar or diminished sensitivities compared to N2, with wild 234 

strain responses ranging from 8-19 seconds (Figure 1, Supplemental File 1) and showing 235 

a normal distribution (Supplemental Figure 1). Interestingly, we did not identify any 236 

hypersensitive wild strains here, in contrast to wild strain responses to quinine, copper 237 

and SDS, which ranged from hyposensitive to hypersensitive, with N2 at the approximate 238 

median of response sensitivity for those stimuli (POLK et al. 2025). These data reveal 239 

variation in responses to the aversive odorant 1-octanol, but with a lack of hypersensitivity 240 

among the strains tested.   241 

 242 
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Wild Strain Responses to Dilute 1-Octanol are Moderately Correlated with 243 

Responses to Quinine 244 

 We previously found only weak correlations between wild strain responses to 245 

quinine, copper and SDS (POLK et al. 2025). However, these stimuli are thought to signal 246 

through distinct signal transduction cascades, with only quinine likely activating a G 247 

protein-coupled receptor pathway (BARGMANN 2006; FERKEY et al. 2021). Although neither 248 

the quinine nor the 1-octanol receptors have been identified in C. elegans, response to 249 

1-octanol is mediated by G protein-coupled signaling (BARGMANN 2006; FERKEY et al. 250 

2021). To determine if a wild strain’s response to 1-octanol is correlated with its response 251 

to aversive tastants, each pairwise combination was plotted (Figure 2). We found that 1-252 

octanol and quinine responses were moderately correlated (R2 = 0.111, R = 0.33), while 253 

1-octanol response was only weakly correlated with responses to copper and SDS (R < 254 

0.16 for each). This result suggests that the genetic factors contributing to variation in 255 

avoidance behaviors among wild strains are largely unique to each stimulus, although 256 

some commonalities might exist – especially for stimuli that signal through signal 257 

transduction pathways with shared components and/or regulatory molecules. 258 

 259 

Genome-Wide Association Analysis Revealed One QTL for Dilute 1-Octanol 260 

Response 261 

 To determine if genetic variation underlies the varied response sensitivity to 15% 262 

1-octanol, we used the wild strain whole-genome variant data available from CaeNDR 263 

(20250625 release), in conjunction with the behavioral data, to perform GWA analyses. 264 

We performed both INBRED and LOCO association mappings using a subset of 71 265 
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strains to correct for population structure (W IDMAYER et al. 2022). The INBRED approach 266 

revealed a single highly significant QTL on the right arm of chromosome II (referred to as 267 

II-R, Figure 3). This region also approached significance when the LOCO approach was 268 

used (Figure 3). 269 

 To determine if the most significant SNV (position 12,620,507) within the II-R QTL 270 

was associated with increased versus decreased behavioral sensitivity to 1-octanol, the 271 

responses of strains with the reference (REF) allele (i.e. same as N2) was compared to 272 

the responses of strains with the alternate (ALT) allele at this position (Supplemental 273 

Figure 2). Because C. elegans is a self-fertilizing species, all SNVs are assumed to be 274 

homozygous in the wild strains maintained and distributed by CaeNDR (FREZAL AND FELIX 275 

2015; COOK et al. 2017; CROMBIE et al. 2024). Wild strains with the alternate SNV at this 276 

position displayed decreased behavioral sensitivity to 1-octanol (Supplemental Figure 2). 277 

Taken together, we identified a single QTL on the right arm of chromosome II that is 278 

associated with decreased response sensitivity to 15% 1-octanol. 279 

 280 

Behavioral Responses of Near-Isogenic Lines to Dilute 1-Octanol 281 

 To validate the effect of the QTL II-R (Figure 3) on differential 15% 1-octanol 282 

responses, near-isogenic lines (NILs) were created by crossing the laboratory strain (N2) 283 

to the wild strain WN2066, followed by subsequent rounds of self-fertilization by 284 

hermaphrodites (see Materials and Methods for details). This approach generally leads 285 

to megabase-sized haplotype blocks containing hundreds of SNVs, making it challenging 286 

to identify individual causal nucleotide variants within a QTL (ANDERSEN AND ROCKMAN 287 

2022; WIDMAYER et al. 2022). We therefore tested the entire II-R QTL for its contribution 288 
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to 1-octanol avoidance, rather than individual variants within this region (Figure 4).  When 289 

the wild strain QTL was crossed into the N2 genomic background (WN2066>N2), 290 

diminished 1-octanol sensitivity was observed, with the NILs responding similarly to the 291 

WN2066 wild strain (Figure 4). In this direction, the QTL explained 89% of the difference 292 

between N2 and WN2066. However, when the reciprocal NILs were analyzed, with the 293 

N2 region crossed into the wild strain background (N2>WN2066), response sensitivity 294 

remained similar to WN2066 (Figure 4). This difference suggests that, although variants 295 

within the WN2066 QTL region are sufficient to dampen the response sensitivity of N2 296 

animals, additional variants outside of the QTL can also contribute to the diminished 297 

response sensitivity of this strain and the N2 genetic sequence of this QTL is not sufficient 298 

to overcome them. 299 

 300 
 301 
 302 
  303 
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Discussion: 304 

In the wild, animals must detect potentially harmful cues and respond appropriately 305 

to survive. At its most basic level, this usually translates into stimulus avoidance. For C. 306 

elegans, the odorant 1-octanol is thought to indicate the presence of fungi (KAMINSKI et 307 

al. 1974). Several nematode-trapping fungi have been shown to prey on C. elegans in a 308 

laboratory setting and predatory fungi and nematodes (including C. elegans and other 309 

Caenorhabditis species) and have been found to co-exist in the wild (VIDAL-DIEZ DE 310 

ULZURRUN et al. 2024). Although the N2 strain of C. elegans was first shown to avoid 1-311 

octanol in 1993 (BARGMANN et al. 1993), only a few wild strains since that time have been 312 

tested for response to this aversive odorant (CROMBIE et al. 2022). Taking advantage of 313 

the wild strain collection and genomic resources available through CaeNDR (COOK et al. 314 

2017; EVANS et al. 2021; ANDERSEN AND ROCKMAN 2022; CROMBIE et al. 2024), we 315 

performed a large-scale comparison of 1-octanol responses using genetically diverse 316 

strains isolated from varied habitats around the world.  317 

We found a range of behavioral sensitivities to 15% 1-octanol, with time to respond 318 

ranging from 8 seconds (similar to N2) to 19 seconds (Figure 1, Supplemental File 1). 319 

Assays were stopped at 20 seconds because animals spontaneously reverse ~3 times 320 

per minute as they explore their environment. Thus, this upper limit is typically considered 321 

completely defective. We did not identify any strains that responded significantly better 322 

than the N2 strain. This result is in contrast to wild strain responses to the aversive 323 

tastants quinine, copper, and SDS, which ranged from hyposensitive to hypersensitive 324 

(POLK et al. 2025). Given that nociception is a protective behavioral response to 325 

potentially harmful stimuli, we had expected that some wild strains would be more 326 
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sensitive to 1-octanol than the N2 strain. However, our data suggest that the laboratory 327 

strain might represent maximal sensitivity for this stimulus.  328 

To determine whether 1-octanol responses correlated with the environments from 329 

which wild strains were isolated, we ran regression analyses using all available ecological 330 

variables annotated in CaeNDR and previous work (e.g. landscape, substrate, and 331 

geographic information) (COOK et al. 2017; EVANS et al. 2017; CROMBIE et al. 2024). 332 

Similar to our previous work examining aversive tastants (POLK et al. 2025), we did not 333 

find any that strongly predicted behavioral response sensitivity to this odorant. However, 334 

detailed information about the composition of the substrates from which the strains were 335 

isolated is not available, such as the presence of chemicals, bacteria or fungal species, 336 

or potential predators. Each of these has the potential to act as a selective pressure to 337 

shape the response profiles and fitness of wild strains over time. Consistent with this 338 

possibility, twelve genetically divergent C. elegans strains displayed differences in 339 

avoidance of the bacterial parasite Serratia marcescens, and strains with higher 340 

avoidance also had higher fitness in the laboratory setting, using population growth rate 341 

as the measure (AMOROSO et al. 2024). Given that C. elegans is a self-fertilizing species, 342 

it is plausible that common haplotypes vary among populations, including variants that 343 

affect behavior, and could be adaptive within the local context of the niche.  344 

To determine if C. elegans have a similar variability in their response to high 345 

concentrations of 1-octanol as they do to dilute (15%), and whether strains with 346 

diminished response to 15% 1-octanol might have increased sensitivity to a higher 347 

concentration, a small group of wild strains was also assayed for response to 100% 1-348 

octanol. Wild strains were binned into two-second categories based on their responses 349 
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to 15% (Figure 1, Supplemental File 1) and 2-3 strains were randomly selected from each 350 

bin to be representative of that bin. Of the twelve wild strains assayed, only one (ED3049) 351 

showed marked improvement in its response to 100% 1-octanol, and a few strains 352 

showed very modest improvement in their responses to 100% (Supplemental Figure 3). 353 

However, most strains were similarly decreased in their responses to both dilute and 354 

concentrated 1-octanol. This result suggests that a strain’s ability to respond to 1-octanol 355 

is generally not set by this aversive odorant’s concentration simply crossing a threshold 356 

for detection.  357 

To assess the impact of genetic variation on differential behavioral responses to 358 

15% 1-octanol, we performed genome-wide association mapping. Using a subset of the 359 

wild strains to minimize bias in population structure (W IDMAYER et al. 2022) and the 360 

resources available on CaeNDR, we identified one significant QTL on the right arm of 361 

chromosome II (II-R) (Figure 3, Supplemental File 2). We validated the contribution of this 362 

genomic region to 1-octanol response differences by generating and testing near-isogenic 363 

lines (NILs) made between N2 and WN2066, a wild strain with a common alternative 364 

haplotype in the QTL represented by the most significant SNV. We found that when the 365 

wild strain genomic region was crossed into the N2 background, it was sufficient to 366 

decrease the behavioral sensitivity of the laboratory strain to a level comparable to that 367 

of the parent wild strain (Figure 4). However, the reciprocal NILs, which had the N2 368 

genomic region crossed into the wild strain background, did not display increased 369 

behavioral sensitivity (shorter time to respond). This difference could be caused by a 370 

background epistatic effect that only affects behavioral responses in one direction, such 371 

that the WN2066 allele(s) in the N2 background can cause the octanol response 372 
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difference, but other WN2066 alleles outside of the genomic region impact the effect of 373 

the N2 allele(s). Alternatively, because of linkage disequilibrium (LD) and residual 374 

structure, the causal variant(s) might be to the left of where the significant peak marker 375 

was detected. Consistent with this possibility, we note that our WN2066>N2 and 376 

N2>WN2066 NILs are not exact reciprocals, with WN2066>N2 extending further to the 377 

left.  378 

 Among the aversive stimuli that we examined previously (quinine, copper, SDS) 379 

(POLK et al. 2025) and here (1-octanol), only quinine and 1-octanol are thought to both 380 

signal via G protein-coupled receptor pathways (FERKEY et al. 2021). When comparing 381 

the responses of individual strains to these two stimuli, we found a moderate degree of 382 

correlation (Figure 2). Interestingly, the QTL on II-R that we identified for 1-octanol 383 

(nucleotides 12,322,998 – 14,448,319, peak SNV at 12,620,507) overlaps with a QTL for 384 

quinine response (POLK et al. 2025) spanning nucleotides 13,455,815 – 14,582,528 (234 385 

strains, CaeNDR 20250625 release). However, this region was not analyzed further for 386 

its contribution to quinine response because the QTL was represented by only a single 387 

significant SNV (nucleotide 13,906,945). We note that the previously identified QTL was 388 

associated with decreased response to quinine, and WN2066 (the wild strain used to 389 

create the NILs for 1-octanol response) did not have a diminished quinine response (POLK 390 

et al. 2025). In fact, WN2066 had a somewhat elevated response to quinine compared to 391 

the N2 strain (POLK et al. 2025). Consistent with this, WN2066 was not among the group 392 

of strains with the alternate (ALT) genotype within the QTL (POLK et al. 2025). Taken 393 

together, these data suggest that multiple unique changes on the right arm of 394 

chromosome II, likely targeting distinct genes, contribute to varied response sensitivity to 395 
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1-octanol and quinine, even though their signal transduction pathways share at least 396 

some common components and regulatory molecules (FERKEY et al. 2021). 397 

In the verified 1-octanol response QTL on II-R, we identified 269 genes annotated 398 

in the N2 reference genome that contain variants in the WN2066 genome that could 399 

putatively affect function (Supplemental Table 1). This number does not include 400 

additional/alternate genes that might be absent in the reference genome. Genes encoding 401 

G protein-coupled receptors (GPCRs) that could potentially function as chemosensory 402 

receptors are highly represented (13%) in the QTL. However, 50% of the genes are from 403 

diverse categories, and 37% remain unnamed – obscuring predictions of their function. 404 

Additionally, variation in non-coding regulatory regions of genes could underlie 405 

evolutionarily important phenotypic variation (AYYADEVARA et al. 2001; AYYADEVARA et al. 406 

2003; VERTINO et al. 2011; EVANS et al. 2021; ZHANG et al. 2022). Further, association 407 

studies in humans (VAN RHEENEN et al. 2019; ABDELLAOUI AND VERWEIJ 2021) suggest that 408 

changes in multiple genes likely account for differences in sensory sensitivity and 409 

response. Thus, changes in either the coding or noncoding regions of multiple genes 410 

within the QTL could contribute to differential 1-octanol sensitivity. 411 

Underscoring the broad importance of olfaction to overall well-being, olfactory 412 

disfunction is present in at least 139 neurological, somatic and hereditary disorders (LEON 413 

et al. 2024), with several studies suggesting that olfactory loss increases the risk of 414 

developing diverse medical conditions ranging from Parkinson’s and Alzheimer’s disease 415 

(SERBY et al. 1991; PETERS et al. 2003; WALKER et al. 2021), schizophrenia (KAMATH et 416 

al. 2012) and depression (KAMATH et al. 2024), to major cardiac events (CHAMBERLIN et 417 

al. 2024) and multiple sclerosis (CONSTANTINESCU et al. 1994). Olfactory ability also can 418 
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predict the probability that older adults will later develop mild cognitive impairment 419 

(WHEELER AND MURPHY 2021) and a number of studies indicate that olfactory ability is a 420 

strong predictor for all-cause mortality up to 17 years later (LEON et al. 2024). However, 421 

despite these findings, the sense of smell lags behind the senses of sight and hearing in 422 

perceived importance to public health (BOESVELDT AND PARMA 2021; PHILPOTT et al. 2025). 423 

Our work is important not only for understanding how naturally occurring genetic diversity 424 

influences how animals interact with their surroundings, but by identifying an olfactory 425 

sensitivity QTL, also will inform future studies aimed at identifying individual causal 426 

genes/variants that affect olfactory sensitivity in species ranging from invertebrates to 427 

humans.  428 

  429 
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statistics. 435 

 436 

Acknowledgements: 437 

We thank Keith Nehrke, John Onukwufor, Doug Portman, Andrew Samuelson, and 438 

Andrew Wojtovich for valuable discussions. The N2 strain used in this study was obtained 439 

from the Caenorhabditis Genetics Center (CGC), which is funded in part by the National 440 

Institutes of Health – Office of Research Infrastructure Programs (P40 OD010440). The 441 

wild strain collection was obtained from the Caenorhabditis Natural Diversity Resource 442 

(https://caendr.org), which is funded in part by the National Science Foundation (DBI 443 

2224885) to ECA (CROMBIE et al. 2024). We also thank WormBase 444 

(https://wormbase.org), now part of the Alliance of Genome Resources 445 

(https://www.alliancegenome.org), which was referenced frequently throughout the 446 

course of this study (STERNBERG et al. 2024). 447 

 448 

Funding: 449 

This work was supported by the National Science Foundation (IOS-2334104 to DMF). 450 

 451 

Conflict of Interest Statement: 452 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 23 

The authors declare no conflict of interest. 453 

 454 

  455 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 24 

References: 456 

 457 
Abdellaoui, A., and K. J. H. Verweij, 2021 Dissecting polygenic signals from genome-wide 458 

association studies on human behaviour. Nat Hum Behav 5: 686-694. 459 
 460 
Amoroso, C. R., L. L. Shepard and A. K. Gibson, 2024 Genetic variation in parasite 461 

avoidance, yet no evidence for constitutive fitness costs. Evolution 78: 1005-1013. 462 
 463 
Andersen, E. C., J. P. Gerke, J. A. Shapiro, J. R. Crissman, R. Ghosh et al., 2012 464 

Chromosome-scale selective sweeps shape Caenorhabditis elegans genomic 465 
diversity. Nat Genet 44: 285-290. 466 

 467 
Andersen, E. C., and M. V. Rockman, 2022 Natural genetic variation as a tool for 468 

discovery in Caenorhabditis nematodes. Genetics 220. 469 
 470 
Ayyadevara, S., R. Ayyadevara, S. Hou, J. J. Thaden and R. J. Shmookler Reis, 2001 471 

Genetic mapping of quantitative trait loci governing longevity of Caenorhabditis 472 
elegans in recombinant-inbred progeny of a Bergerac-BO x RC301 interstrain 473 
cross. Genetics 157: 655-666. 474 

 475 
Ayyadevara, S., R. Ayyadevara, A. Vertino, A. Galecki, J. J. Thaden et al., 2003 Genetic 476 

loci modulating fitness and life span in Caenorhabditis elegans: categorical trait 477 
interval mapping in CL2a x Bergerac-BO recombinant-inbred worms. Genetics 478 
163: 557-570. 479 

 480 
Bargmann, C. I., 2006 Chemosensation in C. elegans. WormBook: 1-29. 481 
 482 
Bargmann, C. I., E. Hartwieg and H. R. Horvitz, 1993 Odorant-selective genes and 483 

neurons mediate olfaction in C. elegans. Cell 74: 515-527. 484 
 485 
Bargmann, C. I., J. H. Thomas and H. R. Horvitz, 1990 Chemosensory cell function in the 486 

behavior and development of Caenorhabditis elegans. Cold Spring Harb Symp 487 
Quant Biol 55: 529-538. 488 

 489 
Berks, M., 1995 The C. elegans genome sequencing project. C. elegans Genome 490 

Mapping and Sequencing Consortium. Genome Res 5: 99-104. 491 
 492 
Boesveldt, S., and V. Parma, 2021 The importance of the olfactory system in human well-493 

being, through nutrition and social behavior. Cell Tissue Res 383: 559-567. 494 
 495 
Brenner, S., 1974 The genetics of Caenorhabditis elegans. Genetics 77: 71-94. 496 
 497 
Chamberlin, K. W., Y. Yuan, C. Li, Z. Luo, M. Reeves et al., 2024 Olfactory Impairment 498 

and the Risk of Major Adverse Cardiovascular Outcomes in Older Adults. J Am 499 
Heart Assoc 13: e033320. 500 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 25 

 501 
Chao, M. Y., H. Komatsu, H. S. Fukuto, H. M. Dionne and A. C. Hart, 2004 Feeding status 502 

and serotonin rapidly and reversibly modulate a Caenorhabditis elegans 503 
chemosensory circuit. Proc Natl Acad Sci U S A 101: 15512-15517. 504 

 505 
Choi, J. I., K. H. Yoon, S. Subbammal Kalichamy, S. S. Yoon and J. Il Lee, 2016 A natural 506 

odor attraction between lactic acid bacteria and the nematode Caenorhabditis 507 
elegans. ISME J 10: 558-567. 508 

 509 
Cohen, J., 1988 Statistical Power Analysis for the Behavioral Sciences. Routledge, New 510 

York. 511 
 512 
Consortium, C. e. S., 1998 Genome sequence of the nematode C. elegans: a platform 513 

for investigating biology. Science 282: 2012-2018. 514 
 515 
Constantinescu, C. S., E. C. Raps, J. A. Cohen, S. E. West and R. L. Doty, 1994 Olfactory 516 

disturbances as the initial or most prominent symptom of multiple sclerosis. J 517 
Neurol Neurosurg Psychiatry 57: 1011-1012. 518 

 519 
Cook, D. E., S. Zdraljevic, J. P. Roberts and E. C. Andersen, 2017 CeNDR, the 520 

Caenorhabditis elegans natural diversity resource. Nucleic Acids Res 45: D650-521 
D657. 522 

 523 
Crombie, T. A., C. Chikuturudzi, D. E. Cook and E. C. Andersen, 2022 An automated 524 

approach to quantify chemotaxis index in C. elegans. MicroPubl Biol 2022. 525 
 526 
Crombie, T. A., R. McKeown, N. D. Moya, K. S. Evans, S. J. Widmayer et al., 2024 527 

CaeNDR, the Caenorhabditis Natural Diversity Resource. Nucleic Acids Res 52: 528 
D850-D858. 529 

 530 
Dusenbery, D. B., 1973 Countercurrent separation: a new method for studying behavior 531 

of small aquatic organisms. Proc Natl Acad Sci U S A 70: 1349-1352. 532 
 533 
Dusenbery, D. B., 1974 Analysis of chemotaxis in the nematode Caenorhabditis elegans 534 

by countercurrent separation. J Exp Zool 188: 41-47. 535 
 536 
Dusenbery, D. B., 1975 The avoidance of D-tryptophan by the nematode Caenorhabditis 537 

elegans. J Exp Zool 193: 413-418. 538 
 539 
Evans, K. S., S. C. Brady, J. S. Bloom, R. E. Tanny, D. E. Cook et al., 2018 Shared 540 

Genomic Regions Underlie Natural Variation in Diverse Toxin Responses. 541 
Genetics 210: 1509-1525. 542 

 543 
Evans, K. S., M. H. van Wijk, P. T. McGrath, E. C. Andersen and M. G. Sterken, 2021 544 

From QTL to gene: C. elegans facilitates discoveries of the genetic mechanisms 545 
underlying natural variation. Trends Genet 37: 933-947. 546 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 26 

 547 
Evans, K. S., Y. Zhao, S. C. Brady, L. Long, P. T. McGrath et al., 2017 Correlations of 548 

Genotype with Climate Parameters Suggest Caenorhabditis elegans Niche 549 
Adaptations. G3 (Bethesda) 7: 289-298. 550 

 551 
Ezak, M. J., and D. M. Ferkey, 2010 The C. elegans D2-like dopamine receptor DOP-3 552 

decreases behavioral sensitivity to the olfactory stimulus 1-octanol. PLoS One 5: 553 
e9487. 554 

 555 
Ezak, M. J., E. Hong, A. Chaparro-Garcia and D. M. Ferkey, 2010 Caenorhabditis elegans 556 

TRPV channels function in a modality-specific pathway to regulate response to 557 
aberrant sensory signaling. Genetics 185: 233-244. 558 

 559 
Ferkey, D. M., P. Sengupta and N. D. L'Etoile, 2021 Chemosensory signal transduction 560 

in Caenorhabditis elegans. Genetics 217. 561 
 562 
Frezal, L., and M. A. Felix, 2015 C. elegans outside the Petri dish. Elife 4. 563 
 564 
Fryer, E., S. Guha, L. E. Rogel-Hernandez, T. Logan-Garbisch, H. Farah et al., 2024 A 565 

high-throughput behavioral screening platform for measuring chemotaxis by C. 566 
elegans. PLoS Biol 22: e3002672. 567 

 568 
Gerber, B., and R. F. Stocker, 2007 The Drosophila larva as a model for studying 569 

chemosensation and chemosensory learning: a review. Chem Senses 32: 65-89. 570 
 571 
Glater, E. E., M. V. Rockman and C. I. Bargmann, 2014 Multigenic natural variation 572 

underlies Caenorhabditis elegans olfactory preference for the bacterial pathogen 573 
Serratia marcescens. G3 4: 265-276. 574 

 575 
Hart, A. C., J. Kass, J. E. Shapiro and J. M. Kaplan, 1999 Distinct signaling pathways 576 

mediate touch and osmosensory responses in a polymodal sensory neuron. J 577 
Neurosci 19: 1952-1958. 578 

 579 
Hilliard, M. A., C. I. Bargmann and P. Bazzicalupo, 2002 C. elegans responds to chemical 580 

repellents by integrating sensory inputs from the head and the tail. Curr Biol 12: 581 
730-734. 582 

 583 
Hilliard, M. A., C. Bergamasco, S. Arbucci, R. H. Plasterk and P. Bazzicalupo, 2004 584 

Worms taste bitter: ASH neurons, QUI-1, GPA-3 and ODR-3 mediate quinine 585 
avoidance in Caenorhabditis elegans. EMBO J 23: 1101-1111. 586 

 587 
Kamath, V., K. Jiang, K. J. Manning, R. S. Mackin, K. A. Walker et al., 2024 Olfactory 588 

Dysfunction and Depression Trajectories in Community-Dwelling Older Adults. J 589 
Gerontol A Biol Sci Med Sci 79. 590 

 591 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 27 

Kamath, V., P. J. Moberg, M. E. Calkins, K. Borgmann-Winter, C. G. Conroy et al., 2012 592 
An odor-specific threshold deficit implicates abnormal cAMP signaling in youths at 593 
clinical risk for psychosis. Schizophr Res 138: 280-284. 594 

 595 
Kaminski, E., S. Stawicki and E. Wasowicz, 1974 Volatile Flavor Compounds Produced 596 

by Molds of Aspergillus, Penicillium, and Fungi imperfecti. Appl Microbiol 27: 1001-597 
1004. 598 

 599 
Keesey, I. W., 2022 Sensory neuroecology and multimodal evolution across the genus 600 

Drosophila. Frontiers in Ecology and Evolution 10. 601 
 602 
Krzyzanowski, M. C., C. Brueggemann, M. J. Ezak, J. F. Wood, K. L. Michaels et al., 2013 603 

The C. elegans cGMP-dependent protein kinase EGL-4 regulates nociceptive 604 
behavioral sensitivity. PLoS Genet 9: e1003619. 605 

 606 
Lansdon, P., M. Carlson and B. D. Ackley, 2022 Wild-type Caenorhabditis elegans 607 

isolates exhibit distinct gene expression profiles in response to microbial infection. 608 
BMC Genomics 23: 229. 609 

 610 
Lee, D., S. Zdraljevic, L. Stevens, Y. Wang, R. E. Tanny et al., 2021 Balancing selection 611 

maintains hyper-divergent haplotypes in Caenorhabditis elegans. Nat Ecol Evol 5: 612 
794-807. 613 

 614 
Leon, M., E. T. Troscianko and C. C. Woo, 2024 Inflammation and olfactory loss are 615 

associated with at least 139 medical conditions. Front Mol Neurosci 17: 1455418. 616 
 617 
Likhite, N., C. A. Jackson, M. S. Liang, M. C. Krzyzanowski, P. Lei et al., 2015 The protein 618 

arginine methyltransferase PRMT5 promotes D2-like dopamine receptor signaling. 619 
Sci Signal 8: ra115. 620 

 621 
Liu, Z., M. J. Kariya, C. D. Chute, A. K. Pribadi, S. G. Leinwand et al., 2018 Predator-622 

secreted sulfolipids induce defensive responses in C. elegans. Nat Commun 9: 623 
1128. 624 

 625 
Meisel, J. D., O. Panda, P. Mahanti, F. C. Schroeder and D. H. Kim, 2014 626 

Chemosensation of bacterial secondary metabolites modulates neuroendocrine 627 
signaling and behavior of C. elegans. Cell 159: 267-280. 628 

 629 
Nyaanga, J., and E. C. Andersen, 2022 Linkage mapping reveals loci that underlie 630 

differences in Caenorhabditis elegans growth. G3 12. 631 
 632 
Peters, J. M., T. Hummel, T. Kratzsch, J. Lotsch, C. Skarke et al., 2003 Olfactory function 633 

in mild cognitive impairment and Alzheimer's disease: an investigation using 634 
psychophysical and electrophysiological techniques. Am J Psychiatry 160: 1995-635 
2002. 636 

 637 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 28 

Philpott, C. M., T. Hummel, V. Parma, M. Lechner, D. Boak et al., 2025 The Need to 638 
Promote Olfactory Health in Public Health Agendas Across the Globe. Clin 639 
Otolaryngol. 640 

 641 
Polk, E. A., A. Aqil, J. B. Collins, R. E. Tanny, E. C. Andersen et al., 2025 Wild strains 642 

reveal natural variation in C. elegans avoidance behaviors. G3 (Bethesda) 15. 643 
 644 
Pradel, E., Y. Zhang, N. Pujol, T. Matsuyama, C. I. Bargmann et al., 2007 Detection and 645 

avoidance of a natural product from the pathogenic bacterium Serratia marcescens 646 
by Caenorhabditis elegans. Proc Natl Acad Sci U S A 104: 2295-2300. 647 

 648 
Prasad, B. C., and R. R. Reed, 1999 Chemosensation: molecular mechanisms in worms 649 

and mammals. Trends Genet 15: 150-153. 650 
 651 
Sambongi, Y., T. Nagae, Y. Liu, T. Yoshimizu, K. Takeda et al., 1999 Sensing of cadmium 652 

and copper ions by externally exposed ADL, ASE, and ASH neurons elicits 653 
avoidance response in Caenorhabditis elegans. Neuroreport 10: 753-757. 654 

 655 
Samuel, B. S., H. Rowedder, C. Braendle, M. A. Felix and G. Ruvkun, 2016 656 

Caenorhabditis elegans responses to bacteria from its natural habitats. Proc Natl 657 
Acad Sci U S A 113: E3941-3949. 658 

 659 
Schulenburg, H., and M. A. Felix, 2017 The Natural Biotic Environment of Caenorhabditis 660 

elegans. Genetics 206: 55-86. 661 
 662 
Serby, M., P. Larson and D. Kalkstein, 1991 The nature and course of olfactory deficits 663 

in Alzheimer's disease. Am J Psychiatry 148: 357-360. 664 
 665 
Sharpell, F., 1985 Microbial Flavors and Fragrances, in Comprehensive Biotechnology: 666 

The Principles, Applications, and Regulations of Biotechnology in Industry, 667 
Agriculture, and Medicine. Oxford: Pergamon Press [Oxfirdshire]; New York. 668 

 669 
Siddiqui, R., N. Mehta, G. Ranjith, M.-A. Felix, C. Chen et al., 2025 The olfactory receptor 670 

SNIF-1 mediates foraging for leucine-rich diets in C. elegans, pp. eLife Sciences 671 
Publications, Ltd. 672 

 673 
Sneddon, L. U., 2015 Pain in aquatic animals. J Exp Biol 218: 967-976. 674 
 675 
Sneddon, L. U., R. W. Elwood, S. A. Adamo and M. C. Leach, 2014 Defining and 676 

assessing animal pain. Animal Behaviour 97: 201-212. 677 
 678 
Sterken, M. G., L. B. Snoek, J. E. Kammenga and E. C. Andersen, 2015 The laboratory 679 

domestication of Caenorhabditis elegans. Trends Genet 31: 224-231. 680 
 681 
Sternberg, P. W., K. Van Auken, Q. Wang, A. Wright, K. Yook et al., 2024 WormBase 682 

2024: status and transitioning to Alliance infrastructure. Genetics. 683 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 29 

 684 
Tanimoto, Y., A. Yamazoe-Umemoto, K. Fujita, Y. Kawazoe, Y. Miyanishi et al., 2017 685 

Calcium dynamics regulating the timing of decision-making in C. elegans. Elife 6. 686 
 687 
Tracey, W. D., Jr., 2017 Nociception. Curr Biol 27: R129-R133. 688 
 689 
Tran, A., A. Tang, C. T. O'Loughlin, A. Balistreri, E. Chang et al., 2017 C. elegans avoids 690 

toxin-producing Streptomyces using a seven transmembrane domain 691 
chemosensory receptor. Elife 6. 692 

 693 
Troemel, E. R., J. H. Chou, N. D. Dwyer, H. A. Colbert and C. I. Bargmann, 1995 694 

Divergent seven transmembrane receptors are candidate chemosensory 695 
receptors in C. elegans. Cell 83: 207-218. 696 

 697 
Troemel, E. R., B. E. Kimmel and C. I. Bargmann, 1997 Reprogramming chemotaxis 698 

responses: sensory neurons define olfactory preferences in C. elegans. Cell 91: 699 
161-169. 700 

 701 
van Rheenen, W., W. J. Peyrot, A. J. Schork, S. H. Lee and N. R. Wray, 2019 Genetic 702 

correlations of polygenic disease traits: from theory to practice. Nat Rev Genet 20: 703 
567-581. 704 

 705 
Vertino, A., S. Ayyadevara, J. J. Thaden and R. J. Shmookler Reis, 2011 A narrow 706 

quantitative trait locus in C. elegans coordinately affects longevity, 707 
thermotolerance, and resistance to paraquat. Front Genet 2: 63. 708 

 709 
Vidal-Diez de Ulzurrun, G., S.-C. Juan, T.-H. Lin and Y.-P. Hsueh, 2024 Nematode-710 

Trapping Fungi and Caenorhabditis elegans as a Model System for Predator–Prey 711 
Interactions, pp. 273-292 in Fungal Associations, edited by Y.-P. Hsueh and M. 712 
Blackwell. Springer International Publishing, Cham. 713 

 714 
Volkers, R. J., L. B. Snoek, C. J. Hubar, R. Coopman, W. Chen et al., 2013 Gene-715 

environment and protein-degradation signatures characterize genomic and 716 
phenotypic diversity in wild Caenorhabditis elegans populations. BMC Biol 11: 93. 717 

 718 
Walker, I. M., M. E. Fullard, J. F. Morley and J. E. Duda, 2021 Olfaction as an early marker 719 

of Parkinson's disease and Alzheimer's disease. Handb Clin Neurol 182: 317-329. 720 
 721 
Ward, S., 1973 Chemotaxis by the nematode Caenorhabditis elegans: identification of 722 

attractants and analysis of the response by use of mutants. Proc Natl Acad Sci U 723 
S A 70: 817-821. 724 

 725 
Wheeler, P. L., and C. Murphy, 2021 Olfactory Measures as Predictors of Conversion to 726 

Mild Cognitive Impairment and Alzheimer's Disease. Brain Sci 11. 727 
 728 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 30 

White, J. G., E. Southgate, J. N. Thomson and S. Brenner, 1986 The structure of the 729 
nervous system of the nematode Caenorhabditis elegans. Philos Trans R Soc 730 
Lond B Biol Sci 314: 1-340. 731 

 732 
Wickham, H., 2016 ggplot2: Elegant Graphics for Data Analysis. Springer- Verlag New 733 

York. 734 
 735 
Widmayer, S. J., K. S. Evans, S. Zdraljevic and E. C. Andersen, 2022 Evaluating the 736 

power and limitations of genome-wide association studies in Caenorhabditis 737 
elegans. G3 12. 738 

 739 
Worthy, S. E., L. Haynes, M. Chambers, D. Bethune, E. Kan et al., 2018 Identification of 740 

attractive odorants released by preferred bacterial food found in the natural 741 
habitats of C. elegans. PLoS One 13: e0201158. 742 

 743 
Zdraljevic, S., B. W. Fox, C. Strand, O. Panda, F. J. Tenjo et al., 2019 Natural variation 744 

in C. elegans arsenic toxicity is explained by differences in branched chain amino 745 
acid metabolism. Elife 8. 746 

 747 
Zdraljevic, S., C. Strand, H. S. Seidel, D. E. Cook, J. G. Doench et al., 2017 Natural 748 

variation in a single amino acid substitution underlies physiological responses to 749 
topoisomerase II poisons. PLoS Genet 13: e1006891. 750 

 751 
Zhang, G., N. M. Roberto, D. Lee, S. R. Hahnel and E. C. Andersen, 2022 The impact of 752 

species-wide gene expression variation on Caenorhabditis elegans complex traits. 753 
Nat Commun 13: 3462. 754 

 755 
 756 
 757 

 758 

 759 

  760 

D
ow

nloaded from
 https://academ

ic.oup.com
/g3journal/advance-article/doi/10.1093/g3journal/jkag189/8729321 by Johns H

opkins U
niversity user on 14 July 2026



 31 

Figure Legends: 761 

 762 

Figure 1. Variation in C. elegans wild strain responses to 15% 1-octanol 763 

A range of behavioral sensitivity was observed across the 156 wild strains when assayed 764 

for avoidance of the aversive odorant 1-octanol. The time to respond (seconds) is shown. 765 

Data represent the average of behavioral experiments performed in triplicate for each wild 766 

strain. 767 

  768 

Figure 2. Behavioral correlations between 15% 1-octanol and aversive tastants 769 

Correlations of the 156 wild strain responses between 15% 1-octanol and 2.5 mM quinine 770 

(A), 15% 1-octanol and 0.5 mM copper (B), and 15% 1-octanol and 0.001% SDS (C) are 771 

shown. Each point represents an individual strain’s response to one stimulus plotted 772 

along the x-axis and its response to the second stimulus plotted along the y-axis. 1-773 

octanol responses are given as time to respond (seconds). Responses to the aversive 774 

tastants are plotted as percent responding. The line of best fit, along with the R2 and p-775 

values are shown for each comparison. We considered R < 0.3 as only weakly correlated 776 

(COHEN 1988). 777 

 778 

Figure 3. Genome-Wide Associations (GWA) for 15% 1-octanol response 779 

A significant QTL was identified from the INBRED genome-wide association mapping (71 780 

strains, one Hawaiian) for 1-octanol avoidance that ranged from position 12,322,998 – 781 

14,448,319 (peak position 12,620,507). A peak in the same region, but just below the 782 

significance threshold, was also identified from the LOCO association mapping. The x-783 
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axis displays the chromosome position of the variants, and the y-axis shows the 784 

significance of each variant. In each Manhattan plot, chromosomes I through V and X are 785 

shown. The horizontal dashed lines indicate the EIGEN threshold of significance and the 786 

horizontal solid lines correspond to the Bonferroni threshold in each plot (ZDRALJEVIC et 787 

al. 2019). Each point represents one SNV, identified from the variant data from CaeNDR 788 

(20250625 release) (COOK et al. 2017; CROMBIE et al. 2024). Red points indicate 789 

significant SNVs.  790 

 791 

Figure 4. Response of near-isogenic lines (NILs) to 15% 1-octanol 792 

Near-isogenic lines (NILs) were made for the significant 1-octanol response peak on the 793 

right arm of chromosome II (II-R). NILs were made such that some had the N2 genome 794 

background with the wild strain sequence in the QTL only, and the reciprocal, strains 795 

containing the wild strain genome background with the N2 sequence in the same QTL. 796 

WN2066>N2 indicates the wild strain QTL introgressed into the N2 genomic background.  797 

N2>WN2066 indicates the N2 QTL introgressed into the wild strain genomic background. 798 

The size of QTL shown is based on only the shared genomic regions of two NIL strains’ 799 

whole-genome sequence data, with N2 genomic sequence shown in light blue and wild 800 

strain sequence in dark blue. Only the genomic regions shared across NIL lines are 801 

indicated. See Materials and Methods for additional information. The center panel shows 802 

the position of the NIL regions relative to the GWA peak. The corresponding behavioral 803 

responses of N2 (laboratory strain, light blue), the WN2066 wild strain (dark blue), and 804 

complementary NILs (light grey bars) are shown in the panel on the right. Each behavioral 805 

response bar shows the pooled data of two NILs and  120 animals tested over three 806 
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days. The error bars indicate the standard error of the mean (SEM). Each NIL type was 807 

pooled (i.e., both lines with the wild strain QTL in the N2 background) and one-way 808 

ANOVA with Tukey’s Honestly Significant Difference (HSD) was performed for 809 

significance. * denotes p < 0.05, ** denotes p < 0.01, *** denotes p < 0.001 and **** 810 

denotes p < 0.0001. ns denotes p ≥ 0.05 (not significant). 811 

 812 

 813 
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