Genetic phenotypic and molecular aspects of the
Caenorhabditis elegans habituation
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ABSTRACT

The acquisition and retention of information by the nervous system are major
processes for learning. Habituation is a simple learning process that occurs during
repeated exposure to harmless stimuli. C.elegans is habituated when given
mechanical stimuli repeatedly and recovers from the habituation when the stimuli are
stopped. A mutation in hab-I results in a delay in habituation , but the normal
habituation response resﬁmes within one hour, although wild-type animals are
necessary more than two hours. The chemotaxis and adaptation to odorants in a test

were normal.

INTRODUCTION

Learning behavior is a useful indicator for the study of neural integration, as
shown with Aplysia , Drosophila and mouse. Leérning behavior is classified into
associative and nonassociative learning. Nonassociative learning consists primarily
of habituation and sensitization. C. elegans is a desirable subject for this kind of
study. Habituation is a form of nonassociative learning in which an animal's

responsiveness to weak repetitive stimuli decreases. This form of learning has
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important advantages for studying the molecular mechanisms underlying behavioral
modifications. The nervous system of the nematode C. elegans is very simple, and
its complete morphology and cell lineage are known. The behavior of C. elegans has
been extensively studied in relation to the nervous system. The learning behavior of
C. elegans accompanying mechanical stimuli was originally studied by Rankin et al.,.
They found a neural circuit for tap-mediated stimuli. They also found that
sensitization and habituation are accompanied by repeated tapping. One approach to
clarifying the mechanism of habituation behavior is to analyze mutations that perturb

regular response patterns.

RESULTS AND DISCUSSION

To understand the details of the mechanisms underlying learning behavior, the
genes contributing to habituation have to be identified. We therefore established a
method for isolating the abnormal mutants based on their tap- response- mediated
habituation. These mutants are called hab mutants ( for habituation mutation ). As far
as we know, habituation-abnormal mutants in C. elegans have not been reported.
Genetic and phenotypic analyses of such mutants are reported in this paper.
We screened the ca 3X104 F, progeny of EMS-treated anirhals and isolated five
potential mutants that showed abnormal responses to repeated tap stimuli.  One of

them, the hab-1(cn308) mutation was assigned to the linkage group 1 (LG I )( Fig.1).
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Figure 1 A simplified genetic map of C.elegans showing the position of

hab-1 in relation to markers used in the this study.

Mutant phenotypes for the tap stimuli applied to the Aab-1 mutant were compared

with the wild-type phenotypes ( Fig.2 and Fig.3 ). Wild-type C. elegans locomoted
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backward by more than one body length in 3.5 seconds when a tap stimulus was
applied once. When the tap stimulus was repeated at 2-s ISI, the animal population

entered a habituated state within 22 repetitions of the tap stimuli (Fig.2).
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Figure 2 Habituation produced by 2-s ISI tap stimuli

Wild type (O)(n=75); hab-1 (cn308)(@)(n=80).

Animals given 50 repetitions of the tap stimuli gradually recovered from the
habituation. However, a period of more than two hours was necessary for complete

recovery from habituation (Fig.3).
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Figure 3 Time course of retention after 50 serial 2-s ISI taps.

Wild type (O); hab-1 (cn308)(@®).
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The hab-1(cn308) mutant responded normally to the single tap stimulus. The
mutant was habituated more slowly than wild-type but recovered rapidly from the

habituated state (Fig.2 andFig.3).

In C.elegans transgenic animals are generated by injecting a cloned genome
(usually cosmid clones) into the germ line syncytium, usually with a dominant co-
expressed marker. The transgenes form extra chromosomal arrays that are transmitted
to a certain fraction of the population and, in rare cases, become integrated into the
genome. To verify that the gene responsible for the mutant phenotype has been
properly identified, mutant sequences are analyzed for differences from the wild-type
gene. To clone the gene we carried out cosmid rescue experiments with cosmid and
YAC clones covering the gene. We inspected the C.elegans genomic sequence of the

region to which the hab-1 allele map is implicated(Fig.4).
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Figure 4 Cosmid maps covering the hab-1 gene region.

We found two clones F52B1 and Y71A12C rescuing phenotype of cn308 hab-1
allele. These clones encode three potential genes. the genes were amplified by PCR
and again carried out rescue experiments by microinjection.

In summary we identified a novel gene hab-I whose mutation affects on
habituation induced by mechanical stimuli. Usually the habituation memory consists
of two phases, acquisition and retention. In the hab-I mutant, both phases are
abnormal; that is, their acquisition is slower and retention is shorter. It is interesting
that a single gene regulates both phases because distinct genes control the two phases
for the Drosophila olfactory learning.

What is the function of hab-1 gene? The neural circuit for touch reflexes has

been identified. We compared the habituation of the hab-I mutants and wild-type



animals, both of which were ablated of these neurons. Of the hab-1 mutant had the
target neurons of ablation, the animals were rapidly habituated, but the habituation rate
was slower than that of wild-type animals. These results suggest that the hab-Imutant
does not have defects in specific neurons, but is generally defective in habituation. It is
sure that habituation occur at the synaptic levels. At the habituated state, the release of
neurotransmitter is decreased irrespective of repeated stimulations. We identified the
region encoding the hab-1 gene. We therefore are in progress of cloning the hab-1

gene.
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