
11. H. U. Dodt et al., Nat. Methods 4, 331 (2007).
12. K. D. Micheva, S. J. Smith, Neuron 55, 25 (2007).
13. K. J. Hayworth, N. Kasthuri, R. Schalek, J. W. Lichtman,

Microsc. Microanal. 12 (S02), 86 (2006).
14. D. Mayerich, L. Abbott, B. McCormick, J. Microsc. 231,

134 (2008).
15. See supporting material on Science Online.
16. K. B. J. Franklin, G. Paxinos, The Mouse Brain in Stereotaxic

Coordinates (Academic Press, San Diego, CA, ed. 3, 2007).
17. S. Standring, Gray’s Anatomy: The Anatomical Basis of

Clinical Practice (Churchill Livingstone, London, ed. 39,
2004).

18. H. C. Peng, Z. C. Ruan, F. H. Long, J. H. Simpson,
E. W. Myers, Nat. Biotechnol. 28, 348 (2010).

19. G. Feng et al., Neuron 28, 41 (2000).
20. We thank P. Wu, J. B. Wu, and L. Wu for their early

work in MOST; L. Fu, T. H. Xu, and W. Zhou for helpful
discussions; Z. Dong and Z. Feng for assistance in
experiments; J. Zhou for the nanowire sample; and
Diatome AG, Switzerland, for the diamond knife.
Supported by the National Natural Science Foundation
of China (grants 30727002, 60025514, 30700214,
and 30925013) and the Program for Changjiang
Scholars and Innovative Research Team in University.

Supporting Online Material
www.sciencemag.org/cgi/content/full/science.1191776/DC1
Materials and Methods
SOM Text
Figs. S1 to S10
Movies S1 to S5
References

3 May 2010; accepted 23 September 2010
Published online 4 November 2010;
10.1126/science.1191776

Paradoxical False Memory for
Objects After Brain Damage
Stephanie M. McTighe,1,2 Rosemary A. Cowell,3 Boyer D. Winters,4
Timothy J. Bussey,1,2 Lisa M. Saksida1,2*

Poor memory after brain damage is usually considered to be a result of information being lost or
rendered inaccessible. It is assumed that such memory impairment must be due to the incorrect
interpretation of previously encountered information as being novel. In object recognition memory
experiments with rats, we found that memory impairment can take the opposite form: a tendency
to treat novel experiences as familiar. This impairment could be rescued with the use of a visual-
restriction procedure that reduces interference. Such a pattern of data can be explained in terms of
a recent representational-hierarchical view of cognition.

Although individuals with some types of
brain damage—for example, to structures
in the medial temporal lobe—are able to

remember new information immediately after it
is learned, their recall after even a very short in-

terval can be greatly compromised or nonexistent
(1). It would seem to follow that the experiences
of such individuals must be lost rapidly or are
inaccessible, such that when a novel object is
encountered and later reexperienced, it is as if the
object had never before been seen. We explored
this assumption with an animal model of object
recognition memory that has been widely used as
a model of memory impairment (2).

The standard object recognition procedure in-
volves exposure to a study object, followed (after
a delay) by a test phase in which the study object
is again presented, along with a perceptually dis-
tinct novel object. The participant’s task is to dis-

tinguish the novel from the repeated object.Animals
and human subjects with damage to the perirhinal
cortex are impaired on this taskwhen a sufficiently
long delay is interposed between study and test
(2–4); indeed, much work has established that
damage to the perirhinal cortex alone is sufficient
to cause severe impairments in object recognition
(2, 5–8). When the standard task procedure is
used, the requirement that two items be simulta-
neously compared precludes determination of
whether the novel item is viewed as familiar, or
vice versa, because the presence of one item
affects how much the other is explored and how
it is evaluated.

We therefore devised a method of assessing
object recognition that decouples the subjects’
evaluation of novel and repeated objects (Fig. 1)
(9). Consistent with previous studies, intact rats
explored in the novel-object condition more than
in the repeated-object condition, thus showing
intact memory for the repeated object. Also con-
sistent with previous studies, rats with perirhinal
cortex damage explored novel and repeated ob-
jects equally, indicating an inability to distin-
guish between them (2). Paradoxically, however,
this inability to distinguish novel from repeated
objects was characterized not by an increase in
exploration of the repeated object—which would
have indicated that they judged the repeated ob-
ject as novel—but by a decrease in their explo-
ration of the novel object, indicating that they

1Department of Experimental Psychology, University of Cam-
bridge, Cambridge CB2 3EB, UK. 2MRC and Wellcome Trust
Behavioural and Clinical Neuroscience Institute, University of
Cambridge, Cambridge CB2 3EB, UK. 3Department of Psychol-
ogy, University of California, San Diego, La Jolla, CA 92093,
USA. 4Department of Psychology, University of Guelph, Guelph,
Ontario N1G 2W1, Canada.

*To whom correspondence should be addressed. E-mail:
lms42@cam.ac.uk

Fig. 1. A modified version of the
spontaneous object recognition task,
in which exploration of the repeated
object is decoupled from exploration
of the novel object. In the novel-object
condition, an animal received a study
exposure to two copies of object A for
3 min. Then the animal was put into
an individual holding cage (standard
condition) or a visually restricted en-
vironment (reduced-interference con-
dition) for a delay of 1 hour. After the
delay, the animal received a test ex-
posure of 3 min to two copies of a
novel object, object B. In the repeated-
object condition, the animal received a
study exposure of 3 min to two copies
of object A. Then, as before, the animal
was put into an individual holding cage
or a visually restricted environment for
a delay of 1 hour. After the delay, the
animal received a test exposure of 3 min to two copies of the familiar object, object A.

Stage 1: Study
3 minutes

Stage 2: Delay
Holding cage OR 
Visual Restriction
1 hour

D

Stage 3: Test
Repeated OR Novel 
3 minutes
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treated the novel object as though it were familiar
(Fig. 2A) (9).

Our previous work has suggested that impair-
ments in this task may be a result of interference
during the delay (10) and has shown that the ex-
plicit addition of interfering objects during the de-
lay can impair memory in animals with perirhinal
cortex damage (11). Accordingly, we reduced in-
terference during the delay by putting the animals
into a dark environment between the study and test
phases (9, 12). This treatment completely rescued
the performance of the lesioned animals (Fig. 2B)
(9). To ensure that the rescue of the impairment
was not due to brain reorganization or recovery,
we retested the animals under the original experi-
mental conditions, and the impairment returned
(Fig. 2C).

The finding that the object recognition mem-
ory impairment in this model was characterized
by animals judging novel objects as familiar seems
counterintuitive. It is difficult to reconcile with
the assumption that all information presented dur-
ing the study phase is lost or inaccessible, because
this assumptionwould suggest that animals should
judge repeated objects as novel. An alternative
view (13–15), however, suggests thatmemory loss
after brain damagemay be better understood, not in
terms of loss of a systemdedicated to a specific type
of memory—for example, long- versus short-term
memory, or memory processes such as encoding,
storage/consolidation, or retrieval (16)—but in
terms of the stimulus representations that the dif-
ferent regions contain (Fig. 3) (17). For visual

Fig. 2. Performance of rats with perirhinal cortex damage on the object rec-
ognition task. (A) Standard condition, with normal interference-filled delay.
Repeated-measures analysis of variance (ANOVA) showed a significant effect of
condition (F1,19 = 15.38, P < 0.001), an effect of lesion (F1,19 = 5.39, P < 0.05),
and a significant interaction (F1,19 = 13.58, P < 0.005). Post hoc t tests using
Bonferroni correction showed a significant difference in the novel condition (t19 =
3.88, P < 0.001) and no difference in the repeated-object condition (t19 = 0.76,
P > 0.05), indicating that lesioned animals treated the novel object as though it
were familiar. (B) Reduced-interference condition in which animals were placed
into a visually restricted environment during the delay. Repeated-measures

ANOVA showed a significant effect of condition (F1,19 = 18.33, P < 0.001), no
effect of lesion (F < 1), and no interaction (F < 1), indicating that both groups
discriminated the objects after visual restriction. (C) Repetition of the standard
condition. Repeated-measures ANOVA showed a significant effect of condition
(F1,18 = 33.97, P< 0.001), a significant effect of lesion (F1,18 = 14.59, P< 0.005),
and a significant interaction (F1,18 = 16.17, P < 0.005). Post hoc t tests using
Bonferroni correction showed a significant difference in the novel condition (t18 =
4.62, P < 0.001) and no difference in the repeated condition (t18 = 0.33, P >
0.05), showing that the impairment returned when normal levels of interference
were reinstated. ***P < 0.001.

Fig. 3. The representational-hierarchical view. Representations of visual stimulus features are organized
hierarchically in increasingly complex conjunctions as information flows from posterior to anterior regions
of the ventral visual stream (18, 19). The representation of a particular object is distributed throughout
the system, but it is represented differently at different points: as features early in the ventral visual
stream, as conjunctions of features in intermediate regions in the ventral visual stream, and as highly
complex conjunctions of features—shown here at the level of object wholes—in the perirhinal cortex. The
traditional multiple memory systems view suggests that structures within the medial temporal lobe
subserve exclusively mnemonic function, whereas structures in the ventral visual stream are important for
perceptual functions. In contrast, the representational-hierarchical view suggests that stimulus
representations throughout the ventral-visual-perirhinal-hippocampal stream are useful for any cognitive
function that requires them.
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input, stimulus representations are organized hi-
erarchically, with conjunctive representations of
relatively complex stimuli in anterior brain re-
gions, and with representations of relatively sim-
ple features in more posterior regions (18, 19).
We have suggested that this representational hi-
erarchy may extend into structures within the me-
dial temporal lobe, and that it is the highly complex
conjunctive representations of stimuli that aremain-
tained in regions such as the perirhinal cortex
(13–15). According to this view, individuals with
damage to such regions should be impaired not
just on a particular type of memory function, but
also on any cognitive function that requires the
complex stimulus representations that are damaged.

This representational-hierarchical view ac-
counts for the seemingly paradoxical findings of
the present study. Indeed, the pattern of results is
a central prediction of the model, as illustrated by
simulations using a computational model (9, 10).
In these simulations, it is assumed that during the
delay between study and test, the subject will be
exposed to other, non-experimental visual mate-
rial that occurs naturally in the environment. This
material will almost certainly share some features
in common with the novel object. This can lead
to interference, because as a result of this ex-
posure, features in the novel object will now be
familiar. However, because it is very unlikely that
the specific complex object presented during the
test phase will have been experienced by chance
during the delay, the unique, object-level repre-
sentations in anterior regions of the system will
not be familiar and therefore can protect the sys-
tem from this interference. If these conjunctive
representations of complex stimuli are damaged,
however, then the subject will have to rely on the
simpler, feature-based memory that is highly sus-
ceptible to interference. From this theoretical frame-
work, we obtain the perhaps counterintuitive
prediction that brain damage can produce impair-
ments in visual recognition memory tasks not
because the repeated object looks novel, but be-
cause the novel object looks familiar (fig. S3A).
The clear corollary of this prediction is that re-
ducing interference in the delay should improve
performance in memory-impaired subjects (fig.
S3B), which is what we found (Fig. 2B).

These simulations and the current results sug-
gest that object recognition memory impairments
may not be due to damage to a dedicatedmemory
system from which all information presented in
the study phase is lost or inaccessible. Instead,
brain damage that leads to such impairments com-
promises only a very specific type of complex
stimulus representation. Other, simpler feature-
level representations of the repeated item remain.
Because these remaining, relatively simple stim-
ulus features tend to be repeated across objects
and situations, their representations do not pro-
vide a unique signal of prior occurrence of an
object. As a result, the disruption to the encoding
of complex stimulus representations has the knock-
on effect of making the system very susceptible
to interference. The fact that only a portion of

the representation of an object is affected by the
lesion is indicated by the lack of impairment
when lesioned animals spent the delay in a vis-
ually restricted environment. This intact perform-
ance must be supported by representations
outside the perirhinal cortex, as predicted by
the representational-hierarchical view (9). This
shows that object recognition impairments after
perirhinal cortex damage cannot be understood in
the usual way—that is, as the result of damage to
all or part of a dedicated memory system. The
present results also add to a growing body of
evidence suggesting that interference may be an
important factor in memory impairments after
brain damage (12, 20–26).

The combination of perirhinal lesions and
object recognition used in our study models the
disturbances in the recognition of objects and
people that are critical components of amnesia. It
does not, however, model all forms of memory
impairment; for example, it is not a complete
model of the dense, global amnesic syndrome
observed in people with extensive damage to me-
dial temporal lobe structures including the hip-
pocampus. Nonetheless, these findings raise the
possibility that the false memory reported here
may be a more general phenomenon. If this turns
out to be the case, we may need to reevaluate our
current conceptions of memory impairment and
amnesia.
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Frequent Mutation of BAP1 in
Metastasizing Uveal Melanomas
J. William Harbour,1,3* Michael D. Onken,1 Elisha D. O. Roberson,2 Shenghui Duan,2 Li Cao,2
Lori A. Worley,1 M. Laurin Council,2 Katie A. Matatall,1 Cynthia Helms,2 Anne M. Bowcock2,3*

Metastasis is a defining feature of malignant tumors and is the most common cause of cancer-related
death, yet the genetics of metastasis are poorly understood. We used exome capture coupled with
massively parallel sequencing to search for metastasis-related mutations in highly metastatic uveal
melanomas of the eye. Inactivating somatic mutations were identified in the gene encoding BRCA1-
associated protein 1 (BAP1) on chromosome 3p21.1 in 26 of 31 (84%) metastasizing tumors, including
15 mutations causing premature protein termination and 5 affecting its ubiquitin carboxyl terminal
hydrolase domain. One tumor harbored a frameshift mutation that was germline in origin, thus
representing a susceptibility allele. These findings implicate loss of BAP1 in uveal melanoma metastasis
and suggest that the BAP1 pathway may be a valuable therapeutic target.

Uvealmelanoma (UM) is themost common
primary cancer of the eye and has a strong
propensity for fatalmetastasis (1). UMs are

divided into class 1 (lowmetastatic risk) and class 2
(high metastatic risk) based on a validated multi-

gene clinical prognostic assay included in the TNM
classification system (2, 3). However, the genetic
basis of metastasis remains unclear. Oncogenic
mutations in the Gaq stimulatory subunit GNAQ
are common in UM (4), but these mutations occur
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