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Figure 1.1: nematodes (bright wiggles) feeding on PA14 bacteria (faint circle in themiddle) in a standard

avoidance experiment. (A) shows early stages of the experiment whenworms are attracted to the pathogen and spend

most of the time in the bacteria. (B) shows later stages of the experiment whenworms avoid the bacteria.
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Figure 2.1: Survival curves for solitary andmultiple (25-60) N2worms feeding on PA14 bacteria. The solitary worms

die 7h earlier thanworms in groups ( < − using a log-rank test).

< −





Figure 2.2: XY stage with NikonD60 camera and LED ring underneath loadedwith 48 plates.
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Figure 2.3: Gray scale TIFF images (A) are analyzed using a heuristicMatlab workflow to find the location of the orig-

inal lawn (B), worms inside (C) and outside (D) the lawn and an estimation of the number of worms in the highlighted

areas (E).
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Figure 2.4: Standard avoidance experiment with solitary worms exposed to pathogenic PA14 (solid line) and to benign

HB101. Worms avoid the dangerous PA14 but they do not avoid harmless HB101.
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Figure 2.5: PA14 avoidance byworms in groups of 1-16 animals. The pairwise differences between curves are statisti-

cally significant, except for the pairs 1/2, 3/4, 8/12 and 12/16.
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Figure 2.6: (A) Schematic of the preconditioning experiment. (B+C) Avoidance of solitary (B) and groups of 16 (C)

worms exposed to lawns preconditioned for 12, 18 or 30 hours. The pairwise differences between curves are statisti-

cally significant, except for control/12 hours with 16worms.
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Figure 2.7: Avoidance of 8 worms on lawns of different areas (from 0.66 to 3.43 relative to standard lawns 8-9mm in

diameter).
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Figure 2.8:Worm training experimental procedure (A). Avoidance of single (B) and 16worms (C) trained on small

(dashed) or large (dashed-dotted) lawns. All (none) of the curves are statistically different in A (B) respectively. Worms

pre-exposed to PA14 avoid the bacteria sooner only if the training happened on small lawns and the nematodes are

assayed in small groups.
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Figure 2.9: (A) Avoidance curves for subpopulation of isolated worms that were inside (dashed, green) or outside (dot-

ted, red) at time 27h post infection (division time T=27h). (B) Averaged difference between the ”in” and ”out” curves

for all division times 0h<T<37h plotted as a function of time difference from T. The red curves are exponentials de-

caying with . time constant. enter and leave the lawn continuously and the probability that a givenworm

switches between in and out state decays with two distinct timescales: a short<20min and long∼5.5h.
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Figure 2.10: Correlation between avoidance and bacterial spreading for a standard avoidance assay (openmarkers) as

well as for 18h and 30h conditioning assays (red and green solid markers respectively) for solitary worms. (B-C) A box

plot showing distributions of avoidance (B) and bacterial spreading (C) for avoidance and conditioning experiments in

(A). Single and three stars indicate statistically significant difference at p<0.02 and p<10-6 level according to ANOVA.

The lawn occupancy fraction depends on how long the lawnwas exposed to the and is independent of how

much the lawnwas spread.
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Figure 3.1: (A) Average and the standard error of the external lawn to original lawn ratio for various worm number

avoidance experiments. The dashed curves show a fit to /( / + ) curve where the parameters are fitted to a
linear (B) and a logarithmic (C) equations.
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Figure 3.2: Each point corresponds to a single time point of a given avoidance experiment with avoidance and the size

of the external lawnmeasured at that moment. The red curve is a best fit /( + )with = . . is the ratio

between external and original lawn sizes.



00

0.2

0.4

0.6

0.8

1

10 20 30
Time (h)

A
vo

id
an

ce

1
2
3
4
8
12
16

Figure 3.3: Avoidance calculated based on the best fit model to the external lawn size from Fig. 3.2 (continuous curves)

compared to the data (dotted curves).
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Figure 3.4: The square of the difference between the continuous (empirical model) and dotted (measurement) curves

from Fig. 3.3. Themaxima for > occur at around 5.5h.
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Figure 3.5: A 4-statemodel of initial pathogen avoidance. Worms could be relaxed (black, ) and upon exposure to the

alarm pheromone tense (red, ) and inside or outside the lawn.
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Figure 3.6: Avoidance calculated based on the phenomenological model from Fig. 3.5 (continuous curves) compared to

the data (dotted curves).
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Figure 3.7: The square of the difference between the continuous (phenomenological model) and dotted (measure-

ment) curves from Fig. 3.6 for the first 10 hours of the experiment. The dotted curves are for comparison to the empiri-

cal model based on the external lawn size from Fig. 3.4.
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Figure 3.8: Cumulative avoidance in the initial 10 hours as a function of and . The points with error bars show

themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel

predictions with fitted parameters. The green continuous (dashed) curves showmodel predictions for changing values

of from 2 to 10 times (1/2 to 1/10 times) the fitted value. The red line show the same curves for changing .
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Figure 3.9: Cumulative avoidance in the initial 10 hours as a function of and . The points with error bars show

themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel

predictions with fitted parameters. The green continuous (dashed) curves showmodel predictions for changing values

of from 2 to 10 times (1/2 to 1/10 times) the fitted value. The red line show the same curves for changing .
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Figure 3.10: Cumulative avoidance in the initial 10 hours as a function of and . The points with error bars show

themeasured experimental areas under the curves (with standard error of themean). The black line shows themodel

predictions with fitted parameters. The green continuous (dashed) curves showmodel predictions for changing values

of from 2 to 10 times (1/2 to 1/10 times) the fitted value. The red line show the same curves for changing .
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Figure 3.11: Concentration of pheromone in the lawn for a standard avoidance experiment (continuous) and a condi-

tioning (dotted) experiment when = = .
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Figure 3.12: Accelerated avoidance curve (continuous curves) from the phenomenological model (Fig. 3.5) with the

initial concentration of pheromone set at ( = ) = . to simulate a conditioned lawn (red - solitary worms, black -

16worms). The dotted curves are data points from 30h conditioning experiment (Fig. 2.6) for comparison.
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Figure 4.1: (A) shows averaged avoidance curves for solitary andmultiple N2worms. Shaded area between them is a

measure of collective avoidance and corresponds to the red bar in (B). (B) The triangle (circle) shows the area under a

multiple-worm (solitary) avoidance curve in (A), the red bar is the difference between them and the error is the sum of

standard deviations in both conditions betweenmultiple repeats.
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Figure 4.2: (A) Shows a schematic of with two sensory organs: amphid and phasmid in the anterior and

posterior of the animal. The cilia that detect chemical cues from the environment in the amphid extend back towards

the nerve ring where bodies of the nerve cells are located andwhere theymake synaptic connections to other neu-

rons. (B) Shows a schematic cross section through the amphid with seven ciliated neurons in direct contact with the

environment and four neurons whose cilia terminate in the cuticle. 13
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Figure 4.3: Collective avoidance for various neuronal mutants. The triangle (circle) shows the area under amultiple-

worm (solitary) avoidance curve, the red bar is the difference between them and the error is the sum of standard

deviations in both conditions betweenmultiple repeats.



Table 4.1: Amphid sensory neurons that express two different two-component calcium channels: TRPV channel (

) and cyclic nucleotide-gated channel .
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Figure 4.4: Pathogen avoidance of solitary and groups of 16 and mutants deficient in AWB and AWC

neuron development respectively.
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Figure 4.5: Pathogen avoidance of solitary and groups of 16 mutant deficient in AWAneuron development.
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Figure 4.6: Avoidance of preconditioned plates. Wild-type worms avoided lawns that were preconditioned by

mutants, but not the other way around.





Figure 4.7: A schematic representation of ascaroside structure. Themolecules are composed of the asacrylose ring

(red), a fatty acid derived side chain (green) and several residues that are derivatives of tryptophan, glucose or p-

aminobenzoic acid (magenta) 200.



Figure 4.8: A putativemodel of ascaroside synthesis from very long chain fatty acids that are processed in the per-

ixosomes and upon addition of ascarylose are transformed into ascarosides whose side chains are then trimmed by

sequence of different enzymes including , , and . Finally, different functional groups are

added to themolecules that specify their functionality230.
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Figure 4.9: (A) Pheromone biosynthesis pathway230. (B) PA14 avoidance of solitary and groups of 16mutant worms

deficient in pheromone synthesis genes.
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Figure 4.10: Pathogen avoidance of solitary and groups of 16 mutant.
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Figure 4.11: Avoidance of preconditioned plates. Wild-type (N2) wormswere placed on lawns that were precondi-

tioned by mutants for 18 hours (red curves). Their avoidance was not significantly accelerated. Conversely,

whenN2wormswere used in the preconditioning stage and the avoidance of wormswas recorded the avoid-

ance was accelerated (brown curve).



Figure 4.12: uses four bioamines as neuropeptides that modulate all of its behaviors. Serotonin, dopamine,

octopamine and tyramine are all derived from tryptophan and tyrosine amino acids through a series of steps36.
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Figure 4.13: Collective avoidance for various endocrinemutants. Blue, green, yellow and red bars correspond to genes

involved in dopamine, serotonin, octopamine and tyramine regulation respectively. A vesicular monoamine trans-

porter CAT-1 is used by all four bioamines for transport out of the cell and TDC-1 is involved in synthesis of both oc-

topamine and tyramine. The triangle (circle) shows the area under amultiple-worm (solitary) avoidance curve, the bar

is the difference between them and the error is the sum of standard deviations in both conditions betweenmultiple

repeats.











N
2

fs
hr
−1

db
l−
1

zi
p−
2

at
f−
7

tir
−1

pm
k−
1

to
l−
10

5

10

15

20

25

30

W
or
m
-h
ou
rs

Figure 4.14: Collective avoidance for various immunity mutants. The triangle (circle) shows the area under amultiple-
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Figure 5.1: Phylogenetic tree of the family 120 and the genus Caenorhabditis 124. Only selected clades (red)

and species (black) are indicated. Species that were tested in this work are indicated with an asterix.





Figure 5.2: Comparison of genetic divergencies in nematodes (red) and deuterostomes (green) based on phylograms of

SSU rRNA120.
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Figure 5.3: Collective avoidance for various species. The triangle (circle) shows the area under amultiple-

worm (solitary) avoidance curve, the red bar is the difference between them and the error is the sum of standard

deviations in both conditions betweenmultiple repeats.
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Figure 5.4: → conditioning experiment. The triangle (circle) shows the area under an

avoidance curve of 16 nematodes of a given species exposed to amock-conditioned (conditionedwith

worms) lawn, the red bar is the difference between them and the error is the sum of standard deviations in both

conditions betweenmultiple repeats.
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