A Genomic Analysis of the C. elegans AWC®" Neuron
and Its Relevance in the Olfactory Response to Isoamyl
Alcohol and Butanone

Thesis by

Zhaoying Xian

In Partial Fulfillment of the Requirements for the degree
of

Bachelor of Science

CALIFORNIA INSTITUTE OF TECHNOLOGY
Pasadena, California

2012



© 2013
Zhaoying Xian

All Rights Reserved



Acknowledgements
| wish to express my deepest appreciation to Professor Paul Sternberg for giving me the
opportunity to conduct my thesis in his lab, as well as for his mentorship and encouragement. | also
thank my postdoctoral mentor, Dr. Yen-Ping Hsueh, for introducing me to this project and allowing me
to pursue this project independently whilst always giving me her support and advice. Finally, | would like
to thank all the members of the Sternberg group who have welcomed me into the lab and helped me

throughout this project.



Abstract

The AWC neuron in C. elegans is one of a pair of bilaterally symmetrical AWC neurons that
regulate the worm’s olfactory response; chemosensory attraction to both IAA and butanone is
attributed to this neuron. However, the genetic factors involved in AWC®" mediation of C.elegans’
chemosensory response are not very well understood. Transcriptomic analysis of the AWC®" neuron
gave a list of genes that are highly expressed in the AWC®" neuron, from which three categories were
chosen for further analysis: signaling proteins, nuclear hormone receptors, and ion channels.
Nematodes carry mutations in genes of interest were tested for chemotaxis behavior in response to IAA

and butanone. They were also tested for their ability to adapt to an IAA-rich environment.

Among 82 genes screened in this study, 31 genes were observed to have potential relevance to
C. elegans chemosensation, with limited overlap between the genes. The relevant signaling proteins,
sek-1, rgs-9, ser-4, fshr-1, snf-1, akt-2, C05D10.2, F53C11.3, pkc-1 and csb-1, all have known functions,
but only a limited number play a known role in olfaction, and even fewer have known effects in the
AWC®N neuron. Nuclear hormone receptors, of which nhr-40, nhr-84, nhr-154, nhr-109, nhr-230, nhr-
275, nhr-158, nhr-34, nhr-138, nhr-237, nhr-178, nhr-209, and nhr-243 showed potential relevance to
olfaction, are a largely unstudied class of genes, and their functions in C. elegans are mostly not known.
The genes in the ion channel category, trpa-1, acr-12, Igc-12, glc-3, Y57G11C.44, cup-5, and mps-2,
comprise of both known and unstudied genes, with the majority of these genes having no known role in
chemosensation. Thus, the discovery of the potential relevance of these 31 genes to C. elegans olfaction

and chemosensation is a novel finding.
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Introduction

Background

Parasitic nematodes pose a problem to both agriculture and human health, causing significant
numbers of parasitic infection and crop losses (Bundy DA et al., 2002, Nicol JM et al., 2011). Global
effects of these nematodes include the destruction of pine forests in Asian countries (Futai K, 2013),
devastation of the soybean crops worldwide (Miranda Vde J et al., 2013), and the infections of soil-
transmitted nematodes in lakeside villages of China (Gao XH et al., 2013). The growth of these parasitic
nematodes, however, is partially controlled by their natural predators (Felix MA and Braendle C, 2010).
These predators include nematophagous fungi that capture nematodes through prey-induced trap

formation (Saxena G et al., 1987, Xie H et al., 2010).

Whilst the superficial interactions between nematodes and their predators may be quite
apparent, the molecular basis to their behavior is much less understood. Recent studies have shown
that nematophagous fungi can detect and react to ascarosides, a highly conserved class of small
molecules that nematodes produce (Hsueh YP et al., 2013), but nematode response to the presence of
its predator fungi is not well-characterized. While it is believed that these fungi secrete nematode-
attracting substances to lure their prey into the trap (Balan J et al., 1974, Yang J et al., 2011), it is unclear

as to which genes are involved in the nematode olfactory response.

The mechanisms of action significant to this type of predator-prey relationship could serve as a
molecular model through which scientists develop methods to combat or minimize the harmful effects
of these parasitic nematodes. Presently, scientists have begun to use recombinant proteins to combat
parasitic infection (Nisbet AJ et al., 2013), but such treatments are highly specific to certain nematode

species. A more thorough understanding of genetic factors that are involved in the nematode response



to the trapping mechanisms of its predator fungi may aid the development of additional chemicals or

drugs that can help combat parasitic nematode devastation or infection.

C. elegans as a Model Organism

The free-living nematode C. elegans serves as a model organism for the study of nematode
behavior and attractive chemosensory response (cite Bargmann’s worm book chapter). C. elegans could
be preyed by several nematophagous fungi, including A. oligospora in the laboratory (Xie H et al., 2010),
and has been shown to be attracted to A A. oligospora (Hsueh et al. unpublished). We thus to

investigate the genetic factors involved in the response of C. elegans to A. oligospora attraction .

The C. elegans genome is fully sequenced (Hillier LW et al., 2005), so it is possible to perform a
complete genomic analysis of any cells of interest. Furthermore, C. elegans is an ideal candidate for
genetic screening and behavioral analysis due to its simple nervous system that consists of only 302
neurons (White JG et al., 1986). The worm uses its sensory neurons to assess environmental cues,
including many VOCs (Bargmann Cl, 2006). In particular, a pair of AWC olfactory neurons are known to
be critical for C. elegans attraction to specific odors (O’Halloran DM et al., 2009). Through Genetic
screening and laser ablation, it is shown that AWCs are involved in the worm’s attraction to A.
oligospora (Hsueh et al unpublished). The AWC neurons are bilaterally symmetrical, but their gene
expression is interestingly asymmetrical (Troemel ER et al., 1999). The identities of these two neurons,
known as AWC® and AWC®", are randomly assumed by the left or right AWC neuron in the worm, and
the two neurons serve different functions (Lesch BJ et al., 2009). This project analyzed the genetics of

the AWC®" neuron.

Determination of a Preliminary List of Genes and Chemosensory Assays
Prior to my arrival, the Sternberg lab profiled the AWC® neuron using single-cell RNA-Seq to

obtain its transcriptome. More than 6000 genes were detected to express in AWCon. These genes



served a variety of intracellular and intercellular functions, but three specific categories of genes are
chosen for further analyses based on their potential functions: signaling proteins, nuclear hormone
receptors, and ion channels. We conducted chemotaxis assays to screen for genes that has a potential

role for AWC-mediated chemosensation.

Gene-deletion mutants were tested for changes in attraction to VOCs in chemotaxis assays. C.
elegans are known to be highly attracted to the chemicals isoamylalchohol (cite Cori’s cell paper in the
early 90s) and butanone (L'Etoile ND and Bargmann Cl, 2000). The genes that are knocked out in mutant
worms that depict a noticeable decrease in attraction to either chemical may be relevant to the

chemosensory response of C. elegans.

As an extension of my main project, | also analyzed the ability for these mutant worms to adapt
to the presence of VOCs. Adaptation is defined as a decreased chemosensory response following a
prolonged exposure to a chemical (Bargmann Cl, 2006), and it is a distinct process from chemical
sensation (Colbert HA and Bargmann Cl, 1995). A treatment that relies on an attractive chemosensory
response may show a decrease in effectiveness if the nematodes are able to adapt to the presence of
that treatment. To minimize such a side effect, it may also be useful to target genes that are involved in

chemotaxis adaptation.



Materials and Methods

Worm Strains
C. elegans strains were grown on small 6 cm petri dishes plated with 1 cm of agar. A small

section of the plate was coated with OP50 to feed the worms.

All strains were synchronized prior to chemotaxis assay. To prepare a worm strain for assay,
approximately 20 eggs from the desired strain were placed on a new OP50 plate. The worms that hatch
from these eggs were allowed to grow to adulthood and lay new eggs. These progeny were used for

assays when they reached adulthood.

Mutant strains were obtained from CGC and Mitani lab in Tokyo, Japan.

Chemical Odorants

The VOCs selected for chemotaxis assay were IAA and butanone. IAA assays were performed at
a 102 dilution in ddH,0 and butanone assays were performed at a 10 dilution in EtOH. Adaptation
assays studied the ability for mutants to adapt to a prolonged exposure of concentrated IAA. All

chemicals were obtained from SigmaAldrich unless otherwise noted.

IAA and Butanone Chemotaxis Assay

All assays were performed on 9 cm petri dishes containing chemotaxis agar. Prior to assay,
worms were washed twice with M9 buffer and once with water. For each assay, approximately 100
worms were placed in the middle of the plate. The experimental and control chemicals were placed on
opposite ends of the dish, each 0.5 cm away from the edge of the dish (see Figure 1) and at a total

volume of 1 pL. The control chemical used was EtOH.



Chemical

Worms

Control

Figure 1. Layout of a single chemotaxis assay.

To paralyze the worms and facilitate counting, 1 uL of 1 mM NaN3 is placed adjacent to both the
experimental and control chemicals. Worms were allowed to move for 90 minutes. At that time, the
numbers of worms within 2 cm of each chemical were counted. Worms that were not within that range

were ignored. The Cl, which was used to describe chemical attraction, is calculated using the following

# worms at c/emical — # worms at control

formula: CI = - .
# worms at c/zemical + # worms at control

A Cl of 1 indicates complete attraction, of -1 indicates complete repulsion, and of 0 indicates
neutrality. Each assay was initially performed in triplicate, and then repeated in triplicate at least seven

days later.

Adaptation Chemotaxis Assay

Approximately 400 worms are placed on an unseeded 6 cm agar plate. The inner cap of the agar
plate is coated with 10 pL of concentrated IAA. Worms were exposed to concentrated IAA for a period of
60 minutes. Worms are then washed once with M9 buffer. All remaining steps were identical to the

chemotaxis assay following the initial M9 buffer wash.



Results
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Figure 2. Wild-type C. elegans attraction to IAA and butanone, and IAA adaptation.

The Cl for the IAA assay was 0.8, the Cl for the butanone assay was 0.75, and the Cl for the
adaptation assay was 0.25. Given these results, the following Cls were selected as thresholds for these
assays: 0.6 for the IAA assay, 0.5 for the butanone assay, and 0.5 for the adaptation assay. Any mutant
worm that showed a Cl of less than 0.6 in the IAA assay, less than 0.5 in the butanone assay, or greater

than 0.5 for the adaptation assay was considered a positive hit.



Signaling Proteins Relevant in C. elegans Attraction and Adaptation

Signaling Protein Mutants IAA Attraction
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Figure 3. Attraction of signaling protein mutants to IAA.

Eight signaling proteins were observed to have Cls of less than 0.6 and thus potentially be
relevant in C. elegans |1AA attraction. These genes were sek-1, rgs-9, ser-4, fshr-1, snf-1, akt-2, C05D10.2,

and F53C11.3.
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Figure 4. Attraction of signaling protein mutants to butanone.



Two signaling proteins that did not show any obvious relevance in IAA attraction appeared to be
important in butanone attraction. The mutant worms for the two genes pkc-1 and csb-1 both showed

Cls of less than 0.5.

Signaling Protein Mutants IAA Adaptation Attraction
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Figure 5. Attraction of signaling protein mutants following prolonged exposure to IAA.

One signaling protein appeared to be relevant in IAA adaptation. The mutant worm that had this
gene knocked out showed a high CI (greater than 0.5) for IAA despite exposure to IAA. This gene, pkc-1,

was also observed to be important in butanone attraction, but not in IAA attraction.



Nuclear Hormone Receptors Relevant in C. elegans Attraction and Adaptation
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Figure 6. Attraction of NHR mutants to IAA.

Six NHR genes may play a role in C. elegans attraction to |IAA: nhr-40, nhr-84, nhr-154, nhr-109,

nhr-230, and nhr-275. The mutant worms for these NHR genes all showed Cls of less than 0.6. For nhr-

154 and nhr-275, only 1 of 2 mutant strains for those genes tested showed a distinctive phenotype. The

nhr-154 mutant that showed a phenotype is the result of a nucleotide insertion, whereas the mutant

that showed no change in response was the result of a deletion. Both nhr-275 mutants are the result of

nucleotide deletions, but the mutant that showed a phenotype has a longer deletion by 541 nucleotides.




NHR Mutants Butanone Attraction
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Figure 7. Attraction of NHR mutants to butanone.

Nine NHR mutant worms showed Cls of less than 0.5 for attraction to butanone. Two of these
genes, nhr-109 and nhr-275, were also positive hits in IAA attraction. Similarly, only 1 of the 2 nhr-275
strains, the same one as with the IAA assay, showed a phenotype. This mutant has a nucleotide deletion
that is 541 base pairs longer than the deletion in the mutant with no observed phenotype. The other

seven genes are: nhr-158, nhr-34, nhr-138, nhr-237, nhr-178, nhr-209, and nhr-243.

NHR Mutants IAA Adaptation Attraction
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Figure 8. Attraction of NHR mutants following prolonged exposure to IAA.
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One NHR gene appeared to be relevant in IAA adaptation: nhr-154. Although only 1 of the 2
mutant strains for nhr-154 resulted in a Cl greater than 0.5, as was observed with IAA attraction, the
strain that showed a phenotype in this IAA adaptation assay is different from the strain that showed a
phenotype in IAA attraction. The nhr-154 mutant that showed a phenotype in IAA adaptation had a

nucleotide deletion in its gene; the nhr-154 mutant that showed no phenotype had insertions.

lon Channels Relevant in C. elegans Attraction and Adaptation
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Figure 9. Attraction of ion channel mutants to IAA.

Three of the ion channel genes, trpa-1, acr-12, and Igc-12, appeared to play a role in IAA

attraction.
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lon Channel Mutants Butanone Attraction
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Figure 10. Attraction of ion channel mutants to butanone.

Four of the ion channel genes appeared to be relevant in C. elegans butanone attraction. One
gene, Igc-12, was also observed to be important in IAA attraction. The other three genes are glc-3,

Y57G11C.44, and cup-5.
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Figure 11. Attraction of ion channel mutants following prolonged exposure to IAA.

One ion channel gene showed potential significance in C. elegans IAA adaptation: mps-2. This

gene showed no other obvious relevance in worm attraction.
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Discussion and Analysis
The variance in the genes that appear relevant to C. elegans attraction to IAA or butanone and
to its capacity for adaptation to IAA suggests that its response to each process is governed by a unique
set of genes. While there is some repetition in the genes that are implicated for the three chemosensory

behaviors studied, the overlap is minimal.

Genes Known to Regulate C. elegans Olfaction

Known Chemosensory Signaling Proteins

All of the signaling proteins that showed potential relevance in C. elegans olfaction have known

signaling functions, but only three have been previously linked to worm chemosensation.

The following two genes, sek-1 and ser-4 were known to be important in the worm’s attraction

to IAA.

Sek-1is a member of the MAPKK family and plays a role in C. elegans innate immunity against
pathogens via a p38 MAPK pathway (Kim DH et al., 2002). It is also important for asymmetric expression
in the AWC neurons through a Ca**-activated pathway (Tanaka-Hino M et al., 2002). Although sek-1 is
not known to affect the C. elegans chemosensory response to specific odorants, its role in the
differential expression in the AWC neurons suggests that its signaling pathway is critical for the normal
function of these neurons. Whether its role in the worm’s attraction for IAA is through its MAPK or Ca**
pathway, if either, is yet to be determined, but it nonetheless appears to be relevant to that olfactory

response.

Ser-4 is a G protein-coupled serotonin receptor that mediates worm movement (Carre-Pierrat M
et al., 2006). It is expressed in a set of sensory and interneurons (Chase DL et al., 2004, Girel G et al.,

2012), but it is not stated to have been observed in AWC®" neuron. Regardless, its function in the

14



chemosensory response to serotonin suggests that ser-4 has the potential to also be a signaling protein

in the C. elegans olfaction of other chemicals, such as IAA.

The gene pkc-1, on the other hand, shows potential relevance to C. elegans butanone attraction

and IAA adaptation.

Pkc-1 encodes a serine/threonine protein kinase that affects thermotaxis and chemotaxis. It is
known to be involved in the worm’s ability to sense VOCs (Land M and Rubin CS, 2003), and is also
required for phorbolester-induced stimulation of acetylcholine release at neuromuscular junctions
(Sieburth D et al., 2001). More recently, pkc-1 is observed to regulate the secretion of neuropeptides
(Sieburth D et al., 2007) and acts with the ERK MAPK signaling pathway to regulate the worm’s
mechanosensory response (Hyde R et al., 2011). Pkc-1 is localized to 75 specific sensory neurons and
interneurons (Tabuse Y, 2002; Sieburth et al., 2003), although not specifically to the AWC® neuron. This
gene appears not only to be critical to the worm’s ability to detect certain VOCs, such as butanone, but
that it is also involved in the worm’s mechanical response to such chemicals. Its role in C. elegans

adaptive ability, however, appears to be a novel function.

Known Chemosensory Nuclear Hormone Receptors

The proteins of the NHR family have conserved molecular structures: an N-terminus with a DNA
binding domain that consists of two zinc fingers, and a C-terminal ligand-binding domain (Antebi A,
2006). These proteins are a diverse group of transcription factors that are named because their
hormonal ligands were, at the time of receptor identification, unknown (Olefsky JM, 2001). Most of the
C. elegans NHRs, of which there are 284, remain uncharacterized (Arda HE et al., 2010), including most
of the NHRs that appear relevant to this study. The NHRs that have been studied have not been
analyzed in relation to C. elegans olfaction and will thus be discussed in the section titled “Novel

Chemosensory Nuclear Hormone Receptors.”
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Known Chemosensory lon Channels

lon channel proteins studied for this project are largely known to regulate neurotransmission
and the excitation of neurons in C. elegans. However, only the gene mps-2 has been previously

connected to chemosensation.

In particular, the mps-2 gene appears to be relevant to IAA adaptation.

Mps-2 is a transmembrane protein that regulates K'-channel in C. elegans; it enhances the
nematode attraction for sodium and has been detected to function in the chemosensory activity of ADF
neuron (Park KH et al., 2005). While previously undetected in the AWC neurons, it may serve a similar
function in the AWC® neuron as it does on the ADF neuron. Given that it already serves a

chemosensory function in the worm for one neuron, it may very well do so for other neurons as well.

Genes Previously Unlinked to C. elegans Olfaction

Novel Chemosensory Signaling Proteins

The following seven genes have not previously been observed to play a role in C. elegans
olfaction, but their current known functions may provide insights on their potential role in that

chemosensation.

The genes rgs-9, fshr-1, snf-1, akt-1, C05D110.22, and F53C11.3 were observed to be important

in the worm’s attractive response to |AA.

Rgs-9 is a GTPase-activating regulator of G-protein signaling (Slep KC et al., 2001). While the RGS
family are known to be ubiquitous regulators of neuronal G-protein signaling (Anderson GR et al., 2009),
its expression in C. elegans neurons has previously been unobserved. However, knocking out rgs-9 in
mice has been shown to disrupt neuronal function (Papachatzaki MM et al., 2011, Mancuso JJ et al.,

2010). On the other hand, rgs-9 expression is upregulated during neuronal differentiation of mouse

16



embryonic stem cells (Sharma M et al., 2011), which suggests that rgs-9 plays a role in neuron
development. Given the relevance of rgs-9 in mouse neurons, knocking down rgs-9 in C. elegans may

impair function or development in one or both of the AWC neurons.

Fshr-1 encodes a neuropeptide receptor that is necessary for acetylcholine secretion by
synapses (Sieburth D et al., 2005), but it has not been previously localized to either of the AWC neurons.
However, it regulates germline differentiation and survival in C. elegans (Cho S et al., 2007), which
suggests that dysfunction of fshr-1 may affect development and function of the AWC neurons, which
could have led to the decrease the worm’s attractive response to IAA if the AWC®" neuron is implicated.
This G protein-coupled receptor is also involved in C. elegans innate immunity through a pathway that is
parallel to the p38 MAPK pathway (Powell JR et al., 2009), the latter of which involves the previously
mentioned target gene sek-1. While this peripheral relation in immune response does not indicate any
definitive relation in chemosensory behavior, it is possible that these two genes act in conjunction in C.

elegans response to IAA.

Snf-1 is a sodium neurotransmitter symporter family gene that may be involved in embryonic
development of mammals (Kertesz N et al., 2002) and sugar metabolism of plants (Chikano H et al.,
2001), but its functions and localization in C. elegans are largely unknown. Its relevance in C. elegans

behavior, particularly in olfaction, is thus a novel finding.

Akt-2 encodes a homolog of the serine/threonine Akt/PKB, which is necessary for the worm to
enter the dauer stage of development and for regulation of the worm'’s life span, and it is observed to
be expressed in C. elegans neurons (Paradis S et al., 1998). It is also involved in C. elegans germline
apoptosis by two signaling pathways, one of which involves MAPK (Perrin AJ et al., 2013), a pathway

that is related to other target genes of this project. However, the localization of akt-2 to the AWC™"

17



neuron or its function in chemosensation is presently unknown, so it may have a novel function in C.

elegans.

C05D10.2 is a putative serine/threonine-protein kinase that may be involved in the MAPK
cascade and plays a role in worm growth and development (Rual JF et al., 2004), but its tissue
localization is unknown. F53C11.3 is an uncharacterized oxidoreductase in C. elegans with unknown
tissue specificity (C. elegans Sequencing Consortium, 1998). These two largely unstudied genes

nevertheless appear to have strong relevance in C. elegans olfaction.

The gene csb-1 appears to play a role in the worm’s butanone response.

Csb-1 is a transcription-coupled repair protein that contains an SNF family DNA-dependent
ATPase domain (Lans H et al., 2010) and has been observed to be involved in the UV response of

somatic cells (Lee MH et al., 2002), but has not previously been detected in neurons.

Novel Chemosensory Nuclear Hormone Receptors

Given that the majority of the NHRs in C. elegans have not been well-studied, especially in
relation to C. elegans chemosensation, the discovery of their localization and olfactory relevance of

these fourteen genes in the AWC®" neuron is quite novel.

The genes nhr-40, nhr-84, and nhr-230 appear to be important to C. elegans IAA attraction only.

Of these 3 genes, only nhr-40 has previously been studied, but not in relation to chemosensation.

Nhr-40 is a supplementary nuclear receptor that is crucial to C. elegans embryonic and larval
development, with a metabolic mutant phenotype most prominently observed in nhr-40 null worms
when they are grown at low temperatures or under food restriction (Pohludka M et al., 2008). It is

expressed throughout the body, including in a subset of neurons; deletion of the gene can result in
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impaired coordination and movement (Brozovd E et al., 2006). However, the aforementioned defects

were not observed in this project.

The genes nhr-105, nhr-158, nhr-34, nhr-138, nhr-178, nhr-209, and nhr-243 appear to be
relevant to C. elegans butanone attraction only. Of these seven genes, only nhr-209 has previously been

studied.

Nhr-209 is expressed throughout the body, including in some unidentified head neurons
(Vohanka J et al., 2010), although not specifically in the AWC®" neuron. However, it does appear to serve

a wide number of functions given its extensive expression pattern.

The genes nhr-109 and nhr-275 is observed to play a role in both IAA and butanone attraction,

although their functions are presently unstudied.

Interestingly, while two nhr-275 strains were obtained and tested for this project, only one
mutant showed a decrease in C. elegans attraction to IAA or butanone. Both mutants were the result of
a deletion in the DNA sequence, but the deletion for the mutant showing the phenotype, dubbed nhr-
275" is longer by 541 nucleotides. The exclusion of these additional nucleotides likely allowed for a
more effective downregulation of the protein function, perhaps due to the result changes in protein

conformation, or due to the deletion of an important active site.

The gene nhr-154 is observed to play a role in IAA attraction and IAA adaptation.

While the function of nhr-154 is not characterized, it is known to be expressed in C. elegans
head neurons, although no specific neurons are reported (Vohanka J et al., 2010). Interestingly, although
| tested two mutant nhr-154 strains, only one strain showed a noticeable phenotype for IAA attraction;

1AA

it is henceforth known as nhr-154"". While the other strain did show a modest decrease in IAA
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attraction, the decrease was much less and not beyond the threshold. However, this other strain
showed a phenotype only in IAA adaptation, so it will henceforth be referred to as nhr-154*"*. The
differences between the two strains lie in the molecular change to the DNA. Nhr-154"*is the result of an
insertion, whereas nhr-154""* is the result of a deletion. No other changes were reportedly made to
these strains. Thus, the type of molecular change (insertion vs. deletion) may be relevant to the
observed phenotype changes. It is possible that the different molecular changes led to different means

of downregulating gene expression, which may have had other downstream effects.

Although all of the aforementioned NHRs are not widely studied, their role as transcription
factors suggests that they may mediate chemosensation through ligand-activated transcription of other
genes that result in a chemosensory response. Given the variance in the genes involved in IAA vs.
butanone attraction, it would appear that different ligands and NHRs, with minimal overlap, are

responsible for the worm’s olfactory response to specific chemicals.

Novel Chemosensory lon Channels

The genes trpa-1 and acr-12 were observed to be relevant only in IAA attraction.

Trpa-1 is the transient receptor potential ion channel that is necessary for mechanosensory
behaviors such as touch-mediated foraging and nose-touch avoidance (Xiao R and Xu XZ, 2009). It is also
responsible for thermosensation, specifically as a cold sensor (Chatzigeorgiou M et al., 2010) and is
known to be expressed in C. elegans sensory neurons (Kindt KS et al., 2007). However, a role in
mechanosensation does not directly suggest a role in chemosensation, nor are the two functions

necessarily related, so the relevance of trpa-1 in C. elegans IAA attraction is indeed novel.

Acr-12 is a nicotinic acetylcholine receptor alpha subunit that mediates fast excitatory

neurotransmission, although previous research on the deletion of acr-12 did not result in observable
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defects (Mongan NP et al., 1998; Gottschalk A et al., 2005). It is expressed in C. elegans cholingeric
motor neurons and regulates the excitation and inhibition of motor neuron activity in C. elegans (Jospin
M et al., 2009). Specifically, loss-of-function of acr-12 leads to increased excitation of the cholinergic
motor neurons (Petrash HA et al., 2013). This excess of neuronal activity in motor neurons of acr-12
mutants may be related to the decrease in IAA attraction. Perhaps the extra motor neuron activity
caused the worms to move excessively in what appears to be a random pattern and thus not properly

sense or respond to the presence of IAA.

The genes glc-3, Y57G11C.44, and cup-5 appear to play a role in the worm’s attraction to

butanone.

Glc-3 is an L-glutamate-gated chloride channel subunit that is expressed in the AlY interneuron
(Horoszok L et al., 2001). It is involved in the inhibition of the postsynaptic AlY interneurons, and AWC
neuronal signals are known to affect AlY activity (Ohnishi N et al., 2011). Thus, it is possible that glc-3
plays a role in both AWC and AlY signaling, although whether or not its expression in the neurons is

related is unclear.

Y57G11C.44 is an amiloride-sensitive sodium channel (C. elegans Sequencing Consortium, 1998),

but little else is known regarding this gene.

Cup-5 is polycystin cation channel in C. elegans that is localized to lysosomes in many cell types
and may contribute to lysosomal defects (Fares H and Greenwald |, 2001) and increased cell apoptosis
(Hersh BM et al., 2002) in the cell. However, it has not been specifically localized to the AWC®™ neuron,
and its function in neurons is also unstudied. Its function in regulating lysosome function suggests that
its dysfunction may lead to a disruption of lysosome activity in the AWC®" neuron to interfere with its

response to butanone.
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Deletion of the gene Igc-12 led to mutant phenotypes in both IAA and butanone attraction.

Lgc-12 is an acetylcholine receptor expressed in C. elegans, but has not been reported to be

observed in neurons (C. elegans Sequencing Consortium, 1998). This gene is otherwise unstudied.

While these genes are largely unstudied in relation to olfaction, this does not preclude an
important role in worm chemosensation. It is possible that a defect in neurotransmission affects the
ability for the AWC®" neuron to communicate with the rest of the worm, thus impeding the appropriate

response to the presence of a chemical.
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Conclusion

The genomic analysis of the AWC®" neuron in C. elegans has led to the discovery of many genes
that were previously unlinked to the worm’s olfactory response to IAA or butanone. Although some of
these genes were known to mediate the worm’s chemosensory response, it was not to the two
aforementioned chemicals specifically. Thus, the newly revealed functions of these genes will provide
novel insights on their relevance to C. elegans chemosensation. This will perhaps aid in the
understanding of chemosensory behavior in other nematodes, especially parasitic nematodes that cause
devastation in agriculture or human health, which could in turn lead to the discovery of methods to

combat the effects of those nematodes.
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Appendix A: Function of Proteins and Protein Families in List of Abbreviations

ERK

GTPase

MAPK/MAPKK

SNF

A pathway that acts in conjunction with MAPK to bring a signal from a cell-
surface or transmembrane receptor into the nucleus of the cell (Orton RJ et al.,
2005).

A family of hydrolase enzymes that bind and hydrolyze guanosine triphosphate
(GTP) and play many important roles in protein transport and signaling, and cell

division (Scheffzek K and Ahmadian MR, 2005).

A pathway that acts in conjunction with ERK to bring a signal from a cell-surface
or transmembrane receptor into the nucleus of the cell (Orton RJ et al., 2005).

A family of proteins involved in DNA remodeling and packaging (Whitehouse | et
al., 1999).
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