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When going about our daily business, we
often dig into our memories to better
foresee the outcomes of our behavior and
plan future actions. One can think of such
episodes as consisting of sequences of
events, starting in the past and ending in
the future. The hippocampus is believed
to play a crucial role in our ability to learn
sequences of events. This idea is sup-
ported by theoretical models, by data
from healthy humans and patients with
hippocampal lesions, and by lesion stud-
ies in rats (Eichenbaum and Cohen, 2001;
Fortin et al., 2002). The neural code for
sequence learning in the rat hippocampus
has often been studied using a spatial al-
ternation task on a figure-eight maze, in
which the rat is required to alternate be-
tween the left and right sides of the maze
while repeatedly crossing the central stem
(Fig. 1A, blue).

Previous studies using the figure-eight
maze have revealed a striking phenome-
non: hippocampal “place cells,” neurons
that generally tend to discharge at a par-
ticular location in the environment (the
“place field”), became activated in a
trajectory-selective manner that can be
viewed as a spatial sequence. That is, many

neurons discharged only when the animal
ran the trajectory Rpre 3 stem 3 Lpost,
whereas other neurons discharged only
on the trajectory Lpre3 stem3Rpost (Fig.
1A, blue) (Wood et al., 2000; Lee et al.,
2006). However, this alternation design
did not allow determining whether the se-
quential encoding is a result of the effect
of the past or the future, because past and
future trajectories were always coupled:
Rpre was always followed by Lpost and Lpre

was always followed by Rpost (Fig. 1, blue).
A recent study by Ji and Wilson (2008)

published in The Journal of Neuroscience
introduced a new twist to the figure-eight
maze task. Animals were trained to grad-
ually alter their previously established
figure-eight routes into novel circular
routes (Fig. 1A, red), so it was possible to
fill in the contingency table of possible se-
quences (Fig. 1B) and dissociate the ef-
fects of past and future.

The study by Ji and Wilson (2008) con-
tains three major findings. First, the au-
thors observed a strong dependency of
hippocampal activity on past, but not
future, trajectories: neural firing was
strongly correlated between trajectories
sharing the same past, but not between
trajectories sharing the same future [Ji
and Wilson (2008), their Fig. 2 (http://www.
jneurosci.org/cgi/content/full/28/18/
4679/F2)]. Second, because the rats grad-
ually changed their old trajectories to new
ones, the authors could correlate the dy-
namic change in neural activity with the
dynamics of behavioral changes. They
found that changes in neural activity pre-

ceded the behavioral change [Ji and Wil-
son (2008), their Fig. 3 (http://www.
jneurosci.org/cgi/content/full/28/18/
4679/F3)] and then continued to evolve,
becoming gradually more similar for same-
past trajectories and more dissimilar for dif-
ferent-past trajectories [Ji and Wilson
(2008), their Fig. 5 (http://www.jneurosci.
org/cgi/content/full/28/18/4679/F5)].
Third, unlike previous studies that ex-
amined only changes in place fields on
the central stem (Wood et al., 2000), the
dynamic changes in firing rate were ob-
served also for place fields extending be-
yond the stem. Interestingly, the depen-
dence on the past was found only in
place fields adjacent to the stem, and the
effect diminished with increasing dis-
tance from the stem [Ji and Wilson
(2008), their Fig. 8 (http://www.jneurosci.
org/cgi/content/full/28/18/4679/F8)].

In turning to discuss the methodology,
results, and our interpretations of the
study by Ji and Wilson (2008), we will fo-
cus on four topics. First, we begin with the
most fundamental issue concerning the
interpretation of the results and consider
whether the task used by Ji and Wilson
(2008) is a hippocampus-dependent task,
requiring the computations performed by
the hippocampus. Both spatial and non-
spatial sequence learning tasks involving a
delay have been shown to be hippocam-
pus dependent (Fortin et al., 2002; Ferbin-
teanu and Shapiro, 2003). Importantly, a
recent study using a similar task to that
used by Ji and Wilson (2008) showed that
rats with bilateral hippocampal lesions
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suffer no deficit in performing this task
unless a delay was introduced between tri-
als, in which case task performance grad-
ually degraded with increasing delay
(Ainge et al., 2007). Thus, it is plausible
that in the study by Ji and Wilson (2008),
which did not use any delay, the acquisi-
tion and performance of the behavioral
task reflected processing upstream of the
hippocampus (Ainge et al., 2007), rather
then processing within the hippocampus
itself.

Second, the details of the preliminary
training procedures are noteworthy, be-
cause recent studies using a similar task to
that of Ji and Wilson (2008) have shown
that specific aspects of preliminary train-
ing (e.g., training with or without barri-
ers) can substantially affect the robustness
of trajectory-dependent representation in
the hippocampus (Wood et al., 2000; Lee
et al., 2006; Ainge et al., 2007). For exam-
ple, one study did not find even a single
hippocampal cell to be dependent on past
or future trajectories when barriers were
not used during initial training, in striking
contrast to when barriers were used
(Bower et al., 2005). In the study of Ji and
Wilson (2008), no barriers were used in
any stage of the training (D. Ji, personal
communication), yet surprisingly, a ro-
bust trajectory dependence was found.
Understanding this apparent discrepancy
in the effects of barriers on trajectory-
dependent hippocampal encoding would
require further experimentation.

Third, the authors did not find a for-
ward shift in place-field locations on the
figure-eight maze, in contrast to recent
studies (Lee et al., 2006). Ji and Wilson
(2008) proposed that differences in exper-
imental procedures underlie this differ-
ence in neural dynamics. However, an al-
ternative interpretation is that the reward
location was the dominant factor. Hip-
pocampal dynamics have been shown to
encode goal-directed behavior (Shapiro et
al., 2006); hence, the reward locations,
rather then the animal’s direction of mo-
tion (forward or backward), may deter-
mine the direction of place-field shift. In-
deed, in the Lee et al. (2006) design,
reward was located near the end of the
stem, and a forward shift was observed,
whereas Ji and Wilson (2008) placed the
reward close to the beginning of the stem,
which might have prevented the forward

shift of place fields and is in fact in agree-
ment with the backward shift in place-
field locations reported by the authors.

Finally, we consider the notion that
hippocampal neurons are affected strictly
by past trajectories, as suggested by the
results of Ji and Wilson (2008). An inter-
esting recent study found that, in fact, en-
sembles of hippocampal neurons pre-
dicted future trajectories at important
decision points (Johnson and Redish,
2007). Importantly, this prediction of the
future occurred on timescales of tens or
hundreds of milliseconds, much shorter
than the timescale of the representation of
the past in the study by Ji and Wilson
(2008), which was on the order of seconds
or more. This suggests that the effects of
past and future on hippocampal neural
activity might operate on different time-
scales. Thus, one could hypothesize that
when analyzing the data on long time-
scales, one would find primarily effects of
the past, as in the study by Ji and Wilson
(2008), whereas analysis on shorter time-
scales would reveal primarily effects of fu-
ture planning, as in the study by Johnson
and Redish (2007).

Together, the results presented by Ji
and Wilson (2008) add important insight
to our understanding of the underlying
neural code for novel sequence learning in
the hippocampus and the effects of past
and future events. Importantly, a central
future goal for these types of studies will
be to categorize which tasks are hip-
pocampus dependent and which are not
to better relate the neural activity to actual
hippocampal function. In addition, it will
be important to elucidate the exact aspects
of the task that are relevant for encoding

particular parts of episodes by the hip-
pocampus. This challenge will go hand in
hand with our understanding of how past
and future events influence the hip-
pocampal neural code.
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Figure 1. Properties of the standard and modified figure-eight design. A, Schematic of a figure-eight maze. The standard
spatial alternation design (blue) cannot dissociate the effects of past and future, as these are always coupled. The two additional
trajectories added to the task by Ji and Wilson (2008) (in red) enabled double dissociation between the effects of past and future.
B, Contingency table showing the case of the standard alternation task (blue) and added components of the modified circular task
(red). Rpre and Lpre designate the right and left sides, respectively, of the maze before the animal enters the stem (colored green
in A), and Rpost and Lpost are the right and left sides, respectively, of the maze after the animal exits the stem.

8384 • J. Neurosci., August 20, 2008 • 28(34):8383– 8384 Yartsev • Journal Club


