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Figure S1

A diagram shows the high-throughput fitness assay protocol. From top to bottom, left to right: Each strain
is chunked onto a fresh plate, and animals of the 1.4 stage are transferred for four generations. Gravid
adults from the fourth generation are bleached to synchronize growth of all strains. Embryos are aliquoted
to 96-well growth plates containing K medium and 5 mg/mL of bacterial lysate. After 48 hours, three L4
larvae are sorted from each well of the growth plate to the corresponding well of either a control plate (which
contains K medium, 10 mg/mL bacterial lysate, and 1% distilled water) or a drug plate (which contains K
medium, 10 mg/mL bacterial lysate, 1% distilled water, and bleomycin). Animals are grown in the control
and drug plates for four days at 20° with shaking. Then, animals are scored using the COPAS BIOSORT. For
each well, all animals are measured for length (TOF) and optical density (EXT). The normal distributions
represent hypothetical distributions of all animals in a given well of a control (red) plate or a drug (blue)
plate. Summary statistics of these distributions are measured to obtain a population growth estimate for all
animals within a well. For each trait measured, the average control phenotype for a given strain is plotted
against the drug phenotype for each replicate of that strain. A linear model is fit to those data, and the
residual phenotype is calculated and used for further analysis.
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Dose-response phenotypes are shown for three high-throughput fitness traits: brood size (norm.n), mean
length (mean.TOF), and median optical density (median.EXT). Phenotypes for each of the four wild isolates
are shown as Tukey boxplots, colored by strain (N2 - orange, CB4856 - blue, JU258 - pink, DL238 - green).
The x-axis shows the concentration of bleomycin (or water) to which the animals were exposed, and the
y-axis shows the pruned phenotype. Each point is a biological replicate. The JU258 strain was pruned from
the water and 50 pM bleomycin conditions because the wells were contaminated.
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Figure S3

Pairwise correlations of high-throughput assay (HTA) traits are shown. (Top) A dendrogram of HTA traits,
calculated from pairwise correlations of RIAIL phenotypes for each trait, is shown. (Bottom) The x- and

y-axes list HTA traits for which the pairwise correlation coefficients (r?) are shown as colored tiles, ranging
from green to yellow to pink to white.



Score.txt || Setup.txt | |Conditions.csv| | Strains.csv | | Controls.csv | | Contamination.csv |

dl Time of flight (TOF) and optical density (EXT) of each object meas-
read_data() ured by the BIOSORT were reported.

Raw

Wells that were visually categorized as contaminated were

remove_contamination() removed from analysis.

| Non-contaminated | Brood size is calculated (n/nsorted). Optical density is normalized
by time of flight for norm.EXT measurement. Summary statistics
are calculated for the population of animals in each well, leading
to 26 population parameter measurements per well.

sumplate(quantiles =T)

| Summarized |
) Biological impossibilities (n > 1000, n < 5, brood > 350) are
bioprune() removed from the dataset.
| Biopruned |

For experiments run across multiple assay days, assay regression is

regress(assay =T) performed using a linear model of phenotype ~ assay.

| Assay-regressed |

Data points that lie beyond two standard deviations of the mean
prune_outliers() of all points within a strain are removed from analysis. Pruned data
are reported in File S1.

FileS1 | oOutlier pruned |

A linear model with the formula phenotype ~ condition is fit to
regress() the data to account for variation in the control condition. Residual
values after this linear regression are reported in File S3.

FileS3 | Control-regressed |

Linkage mapping is performed on all population parameters. LOD
fsearch() scores are annotated to identify significant QTL. Annotated LOD
annotate_lods() scores are reported in File S4.

FileS4 I Annotated LODs I

Figure S4

A flow chart from raw data to an annotated LOD score dataframe after linkage mapping is shown. Center:
Intermediate datasets are listed as file names surrounded by a rectangle, and output files in figshare are in
boldface with a thick black border. Arrows and italicized text indicate functions in R that were used during
analysis. Left: File names of data output to figshare. Right: Descriptions of analysis steps performed. The
read__data function merged the setup and score text files from the BIOSORT with csv files that indicated the
conditions, strains, controls, and contamination of all wells measured with the high-throughput fitness assay
for a particular experiment. Contamination was removed from the raw data using the remove__contamination
function. Then, sumplate calculated brood size, normalized optical density (EXT) to animal length (TOF)
for the norm.EXT measurement, and calculated population parameters (including mean, median, variance,
covariance, and quantiles) for TOF, EXT, and norm.EXT measurements. Biological impossibilities were
removed by the bioprune function. If an experiment was measured across multiple days, the regress(assay =
T) function was used to account for between-day variation. Outliers were removed from each strain using
the prune_outliers function. These pruned data were output to File S1. The regress function was used to
calculate residual phenotype measurements for all traits within a strain. Regressed data were output to File
S3. To perform linkage mapping, the fsearch and annotate lods functions were used on all traits in File S3



and mapping results were output to File S4.
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Figure S5

Linkage-mapping analysis of bleomycin-response variation for all 26 high-throughput traits are shown. (A) On
the x-axis, each of 13,001 genomic markers, split by chromosome, were tested for correlation with phenotypic
variation across the RIAIL panel. The log of the odds (LOD) score for each marker is reported on the y-axis.
Each significant quantitative trait locus (QTL) is indicated by a red triangle at the peak marker, and a blue
ribbon shows the 95% confidence interval around the peak marker. The total amount of phenotypic variance
across the RIAIL panel explained by the genotype at each peak marker is shown as a percentage. (B) RIAIL
phenotypes (y-axis), split by allele at each QTL peak marker (x-axis) are reported. For each significant QTL,
phenotypes of RIAILs containing the N2 allele (orange) are compared to phenotypes of RIAILs containing
the CB4856 allele (blue). Phenotypes are shown as Tukey box plots, and each point is the phenotype of an
individual strain.
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Phenotypes and genotypes of NIL strains are shown. (A) Phenotypes for each strain are shown as Tukey box
plots, with strain name on the y-axis and residual bleomycin median optical density on the x-axis. Each
point is a biological replicate. Parental strain box plots are colored by their genetic background, with orange
indicating an N2 background and blue indicating a CB4856 genetic background. NILs are shown as grey
box plots. A red asterisk indicates a significant difference between the phenotype of a given strain and the
phenotype of the corresponding parental strain (p < 0.05, Tukey HSD). (B) Chromosomal representations of
chromosome V are shown for each of the strains in A. Strain names are reported on the y-axis, and genomic
position (Mb) is shown on the x-axis. Blocks of color indicate genotypes of genomic regions with orange
indicating the N2 genotype and blue indicating the CB4856 genotype. Vertical red lines mark the confidence
interval of the QTL from linkage mapping. (C) Background genotypes are represented as rectangles with
colors indicating N2 (orange) or CB4856 (blue) genetic backgrounds.
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A two-factor genome scan for residual optical density in bleomycin is shown. Log of the odds (LOD) scores
are shown for each pairwise combination of loci, split by chromosome. The upper-left triangle contains the
epistasis LOD scores, and the lower-right triangle contains LOD scores for the full model. LOD scores are
shown as colors, with lower scores in blue and higher scores in yellow, as shown in the color scale. The
epistatic LOD score axis is on the left of the color scale and the full LOD score axis is on the right of the
color scale.
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Figure S8

Control-condition phenotypes of deletion alleles for each candidate gene are shown. Deletion alleles for each
candidate gene were tested in response to the control condition (lysate in K medium with 1% distilled water).
Control-condition responses are shown as Tukey box plots, with the strain name on the x-axis, split by gene,
and median optical density on the y-axis. Each point is a biological replicate. Strains are colored by their
background genotype (orange indicates an N2 genetic background, and blue indicates a CB4856 genetic
background). For each gene, two independent deletion alleles in each background were created and tested.
Red asterisks indicate a significant difference (p < 0.05, Tukey HSD) between a strain with a deletion and
the parental strain that has the same genetic background. Depictions of each deletion allele are shown below
the phenotype for each candidate gene. White rectangles indicate exons and diagonal lines indicate introns.
The 5’ and 3’ UTRs are shown by grey rectangles and triangles, respectively. The region of the gene that was
deleted by CRISPR-Cas9 directed genome editing is shown as a red bar beneath each gene model.
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Figure S9

Reciprocal allele-replacement strains of jmjd-5 were tested in response to bleomycin. (A) A model of jmjd-5
is shown with white rectangles indicating exons and black diagonal lines indicating introns. The 5" and
3’ UTRs are shown as a grey rectangle and triangle, respectively. The location of the amino-acid variant
between the N2 and CB4856 strains is shown in black text above the gene depiction with the N2 residue in
orange and the CB4856 residue in blue. (B) Bleomycin responses of allele-replacement strains are shown as
Tukey box plots, split and colored by genetic background (N2 in orange and CB4856 in blue) with the strain
name on the x-axis and residual median optical density on the y-axis. Each point is a biological replicate.
Red asterisks indicate a significant difference between an allele-replacement strain and the parental strain

sharing its genetic background (p < 0.05, Tukey HSD).
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Figure S10

Dose-response phenotypes from the modified HTA are shown for three high-throughput fitness traits: mean
length (mean.TOF), median optical density (median.EXT), and the 90*" quantile of optical density (q90
EXT). Phenotypes for each of the four tested strains are shown as Tukey boxplots, colored by strain (N2 -
orange, CB4856 - blue, ECA411 - light grey, ECA528 - dark grey). The x-axis shows the concentration of
bleomycin (or water) to which the animals were exposed, and the y-axis shows the pruned phenotype. Each
point is a biological replicate.
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Figure S11

Results of the jmjd-5 reciprocal hemizygosity assay are shown. The y-axis shows the residual median optical
density for each strain reported along the x-axis. Bleomycin responses are reported as Tukey box plots where
each point is a biological replicate. The genotypes of each strain are shown as colored rectangles beneath
each box plot, where each rectangle represents a homolog (orange rectangles are an N2 genotype, and blue
rectangles are a CB4856 genotype). The maternal homolog is shown on top and the paternal homolog is shown
on bottom. Grey triangles indicate a deletion of jmjd-5, placed on the rectangle showing the background into
which the deletion was introduced. The box plots for the parental strains (N2 and CB4856, on the left) are
colored according to genotype
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Figure S12

Control-condition phenotypes of the strains tested in the reciprocal hemizygosity experiment of jmjd-5 are
shown. The y-axis shows the pruned median optical density upon exposure to the control condition (lysate in
K medium plus 1% distilled water) for each strain reported along the x-axis. Control-condition responses
are reported as Tukey box plots where each point is a biological replicate. The genotypes of each strain
are shown as colored rectangles beneath each box plot, where each rectangle represents a homolog (orange
rectangles are an N2 genotype, and blue rectangles are a CB4856 genotype). The maternal homolog is shown
on top and the paternal homolog is shown on bottom. Grey triangles indicate a deletion of jmjd-5, placed on
the rectangle showing the background into which the deletion was introduced. The box plots for the parental
strains (N2 and CB4856, on the left) are colored according to genotype
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Figure S13

RNA-seq measurements of scb-1 expression for young adult populations of N2 and CB4856 are reported. The
x-axis indicates the sample (N2 or CB4856), and the y-axis shows the transcripts per million (TPM) estimate
for each replicate. Replicates are plotted as dots, colored by strain (orange for N2 and blue for CB4856).
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Figure S14

A two-factor genome scan for scb-1 expression variation is shown. Log of the odds (LOD) scores are shown
for each pairwise combination of loci, split by chromosome. The upper-left triangle contains the epistasis
LOD scores, and the lower-right triangle contains LOD scores for the full model. LOD scores are shown as
colors, with lower scores in blue and higher scores in yellow, as shown in the color scale. The epistatic LOD
score axis is on the left of the color scale and the full LOD score axis is on the right of the color scale.
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Figure S15

All variants in the QTL confidence interval for which CB4856 contains the alternate allele are plotted as
vertical lines. On the x-axis, genomic position of the variant is shown. Variants are colored by minor allele
frequency (less than 0.05 = red, greater than 0.05 = black). The location of scb-1 is shown as an arrow,
labeled with the gene name.
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Figure S16

Phenotypes of all wild isolates assayed in bleomycin are shown for each of the 28 variants in the QTL region
that are rare (MAF < 0.05) but not unique to CB4856. Each plot shows a bar plot indicating the distribution
of residual bleomycin median optical density phenotypes across all 83 wild isolates assayed, arranged by
phenotype. The x-axis indicates the strain name, and the y-axis indicates the phenotypic value. For each of
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the 28 variants, the position is written above the phenotypic distribution. Strains with the alternate allele at
that site are colored blue, and strains with the reference allele are colored in grey.
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Figure S17

A neighbor-joining tree from from a multiple-sequence alignment of SCB-1 homologs is shown.
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