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The nematode worm Caenorhabditis elegans can
learn and remember the stimuli it encounters, the envi-
ronment it is in, and its own physiological state. Analy-
ses of mutations in C. elegans that affect different
aspects of experience are beginning to address the
nature of learning.

Sydney Brenner [1] introduced Caenorhabditis elegans
over 35 years ago as a model system for geneticists and
developmental biologists; more recently it has become
an important model system for neurobiologists. In early
studies on C. elegans John Sulston and colleagues [2,3]
followed all of the cell divisions and determined the
lineage of each of the 959 cells in the adult hermaphro-
dite. One of the important take-home messages of this
work was that C. elegans development is determined —
precisely the same cell lineage pattern can be traced in
every member of the species. This led to the discovery
by Robert Horvitz and colleagues of genes that regulate
programmed cell death [4]. 

The unintended, and often unspoken, outcome of this
Nobel Prize winning science was that researchers
began to view C. elegans as a ‘programmed, hard-
wired organism’. For example, John White [5] published
an enormous study using electron microscopic serial
section reconstruction of the nervous system to gener-
ate a wiring diagram including all of the putative chem-
ical and electrical synapses. In many parts of the worm,
only a single animal was examined and parts of a
second worm used to confirm his findings. The under-
lying assumption for this was that the wiring diagram
would be the same for all worms. Taken together the
cell lineage data and the nervous system reconstruction
gave the impression that the 302 neuron nervous
system of C. elegans is ‘hard-wired’.

Until 1990, no one investigated the possibility that C.
elegans might show behavioral plasticity and be able to
learn from experience. This has changed dramatically
over the last 14 years! Now, instead of asking “what can
a worm learn?” it might be better to ask “what cannot a
worm learn?” Since the first paper focusing on learning
and memory in C. elegans [6], there have been a large
number of papers that have shown that, rather than
being strictly hard-wired, C. elegans is exquisitely
designed to benefit from its experience, and to learn
and remember a variety of different types of information
about its environment (see Box for a glossary of learn-
ing terms).

These studies have shown that C. elegans can learn
about mechanosensory input [7], chemosensory input
[8,9] and thermosensory input [10,11]. The worm can
learn to approach or avoid tastes, odors or tempera-
tures that predict the presence or absence of food.
They show non-associative forms of learning, such as
habituation and dishabituation, as well as associative
forms of learning, such as classical conditioning and
differential classical conditioning [7–11]. And they show
both short-term and long-term forms of memory [7]. 

Recent studies have shown that C. elegans can also
undergo more sophisticated forms of learning. For
example, I [12] have reported that C. elegans exhibits
context conditioning to a taste cue during habituation to
mechanosensory stimulation, where the worms demon-
strated both latent inhibition and extinction. These
results suggested that C. elegans is capable of integrat-
ing and remembering experiences across different
sensory modalities. Bettinger and McIntyre [13] found
that C. elegans can show state-dependent learning. In
this case, worms adapt to an odor in the presence of
high levels of ethanol, equal to those that intoxicate
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Box 1 

Glossary of psychological terms.

Classical conditioning: a type of associative learning first
described by Pavlov. Pavlov found that when a neutral stimulus
(the conditioned stimulus, CS, the sound of a bell) was presented
just before the delivery of a rewarding stimulus (the unconditioned
stimulus, US, food) the CS would come to elicit the same response
as the US (salivation). This transfer of the response (salivation) to
the CS (the bell) after sufficient pairings is the conditioned
response (CR).
Differential classical conditioning: a paradigm to study classical
conditioning in which there are two CSs, one of which is paired
with the US (CS+), the other is not (CS–). Organisms should develop
a conditioned response (CR) to the CS+ and not to the CS–. 
Latent inhibition (also called CS preexposure effect): when the
CS is presented to the organism before any training (without
exposure to the US) it can retard or eliminate the subsequent
ability of that stimulus to serve as a CS in classical conditioning. 
Extinction: after an organism has been classically conditioned
repeated presentations of the CS without the US will lead to the
decrease and eventual elimination of the CR.
Context conditioning: cues from the environment, or the context,
where training occurred can also serve as CSs for classical
conditioning. 
Habituation: a non-associative form of learning in which a single
stimulus is presented repeatedly (or, in the case of an odor or
taste, continuously). Repeated presentations of a stimulus result in
decreased responding to that stimulus. This decrease cannot be
attributed to sensory adaptation or fatigue (see dishabituation). 
Dishabituation: if a novel or noxious stimulus is delivered to a
habituated animal immediately after habituation training
responding to the original habituated stimulus is re-instated.
Dishabituation tests are used to demonstrate that the decrease in
responding is not due to fatigue or sensory adaptation (which only
recover with the passage of time).
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mammals. When tested for retention of the olfactory
adaptation an hour later, the worms only show adapta-
tion in the presence of ethanol at high levels (and not at
sub-intoxication levels). This supports the view that
worms can associate a physiological state with a spe-
cific experience.

In a recent issue of Current Biology, Law et al. [14]
have now reported another sophisticated form of
classical conditioning: occasion setting. In this case, the
worm is hypothesized to learn a conditional relationship
between stimuli: in the presence of the cues from
normal growth medium, benzaldehyde predicts that no
food will be present and the worm does not approach
the normal growth medium. When the normal growth
medium cues are not present, the worm will approach
the benzaldehyde. The data that support the view that
this is occasion setting comes from an analysis of
mutants [14]: gpc-1 worms show no classical condition-
ing to taste, but do still show occasion setting, while lrn-
2 worms do not show occasion setting but still show
classical conditioning to taste. The authors argue that
this genetic dissociation indicates that the normal
growth medium must be serving as an ‘occasion setter’
and not as a typical classically conditioned ‘context’.

The mutational analyses and conclusions draw by
Law et al. [14] speak directly to both the nature of  the
mutant strains tested and the nature of learning. The
categories of learning described by learning theorists
are determined by paradigms. We distinguish classical
conditioning from instrumental conditioning by the para-
digms we use to produce them. But it is important to
note that there are often instrumental elements present
in classical conditioning, and there are always classi-
cal conditioning components present in instrumental
learning. For many years, researchers studying the
mechanisms of learning have believed that, once we
understand the mechanisms of all forms of learning
and memory, we will understand how the different
types of learning are related to one another. 

The results reported by Law et al. [14], with earlier
work from the van der Hooy lab, offer a new wrinkle to
this — their mutants are showing a very strange pattern
of results that do not easily fit into categories of learn-
ing that we recognize. For instance, the lrn-2 mutant
was isolated in a screen for taste associative learning
mutants [8]. In this paradigm, worms were exposed to
two salts: one was paired with food, one with no food.
In a choice test, wild-type worms would go to the salt
that predicted food and avoid the salt that predicted no
food; the lrn-2 mutant worms cannot learn this. In a
second study [9], wild-type worms learned to associate
the olfactory cue diacetyl with exposure to aversive
acetic acid, and no longer tracked diacetyl; again, lrn-2
worms do not show this olfactory association. In the
new work [14] the lrn-2 worms appear to be able to
learn about salts and starvation, and to learn about
benzaldehyde and starvation, but they do not learn the
occasion setting. What do these results say about the
nature of the lrn-2 mutation? What do they say about
these different learning paradigms? It will be important
to determine the differences in the training paradigms,
and in the testing protocols so that we can understand
this strange pattern of results. 

Despite the rather odd results from the analyses of
mutants, the results from the new paper [14], and other
recent papers showing context conditioning and state
learning, indicate that C. elegans has a remarkable
ability to learn about its environment and to alter its
behavior as a result of its experience. In every area
where people have looked for plasticity they have
found it. To address the question “What can’t a worm
learn?” we can be confident of the obvious answers:
for example, without eyes a worm cannot learn visual
discriminations, cannot do observational learning, and
cannot learn to read. The less obvious answers to the
more challenging questions about the depth of a
worm’s cognitive abilities can only be addressed by
researchers who will need to invent creative and clever
ways to ask the worm directly.
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