interpositus, and very small lesions in this
region of the red nucleus also abolish the CR
with no effect on the UR (9, 18). In trained
animals, lidocaine or cold-probe inactiva-
tion of the interpositus abolishes both the
behavioral CR and the learning-induced
neuronal model in the red nucleus; inactiva-
tion of the red nucleus abolishes the behav-
ioral CR but has no effect on the learning-
induced neuronal model in the interpositus
(14, 20). Our results demonstrate that the
memory trace must be formed at or beyond
the cerebellar site of inactivation but before
the red nucleus. On the basis of these results
and data cited (15), we conclude that the
memory trace for eyeblink conditioning
must be localized to the ipsilateral lateral
cerebellum. Our findings strongly support
the hypothesis that the memory traces for
learned movements are formed and stored in
the cerebellum (21).
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Induction of Go;,-Specific Antisense RNA in Vivo
Inhibits Neonatal Growth

Christopher M. Moxham,* Yaacov Hod, Craig C. Malbon

Guanosine triphosphate-binding regulatory proteins (G proteins) are key elements in
transmembrane signaling and have been implicated as regulators of more complex bio-
logical processes such as differentiation and development. The G protein Ga, is capable
of mediating the inhibitory control of adenylylcyclase and regulates stem cell differentiation

to primitive endoderm. Here an antisense RNA to G, was expressed in a hybrid RNA

construct whose expression was both tissue-specific and induced at birth. Transgenic mice
in which the antisense construct was expressed displayed a lack of normal development
in targeted organs that correlated with the absence of Go,,. The loss of Ga, expression
in adipose tissue of the transgenic mice was correlated with a rise in basal levels of
adenosine 3',5’-monophosphate (CAMP) and the loss of receptor-mediated inhibition of
adenylylcyclase. These data expand our understanding of G protein function in vivo and
demonstrate the necessity for Goy, in the development of liver and fat.

G proteins propagate signals from cell sur-
face receptors to a diverse group of effectors
that includes adenylylcyclase, phospholi-
pase C, and cation channels (I1—4). Visual

transduction,

neuronal signaling, cell

growth and differentiation, and metabolic
pathways such as glycogenolysis and gluco-
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neogenesis are mediated by way of G pro-
teins. The G protein Go, has been impli-
cated in the inhibition of adenylylcyclase
and oncogenesis (5-7). In order to suppress
Gay, expression in vivo, we adopted the use
of a construct to express Ga,-specific an-
tisense RNA instead of gene disruption. To
enhance the accumulation of the Ge, an-
tisense RNA, the target sequence was insert-
ed in the 5’-untranslated region of the rat
phosphoenolpyruvate carboxykinase (PEPCK)
gene. The PEPCK gene was selected for

three

(i) The 2.8-kb hybrid

reasons.

PEPCK-Ga, antisense RNA would be more

stable than a comparatively short-lived an-
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tisense RNA oligonucleotide. (ii) Because
PEPCK expression is regulated by several
hormones including glucagon (acting by way
of cAMP), glucocorticoids, thyroid hor-
mone, and insulin, the insertion of the
antisense sequence within the PEPCK gene
would confer regulated expression of the
antisense sequence. Cyclic AMP coordi-
nately increases the transcription rate of the
PEPCK gene and the stability of the PEPCK
mRNA (8, 9). (iii) Most importantly, ex-
pression of the PEPCK gene is developmen-
tally regulated; transcription of the gene
initiates at birth (10, 11). Thus, expression
of the Ga;, antisense RNA after birth would
prevent any potentially lethal outcome from
the suppression of Ga, in utero.

The utility of the construct for the ex-
pression of the Ga, antisense RNA within
the PEPCK gene (pPCK-ASGey,, Fig. 1)
was evaluated first after transfection into
FTO-2B rat hepatoma cells. Wild-type FTO-
2B cells display cAMP-inducible PEPCK
gene expression (8) and express Ga;,. RNA
antisense to Ga, was detected in FTO-2B
clones transfected with pPCK-ASGey,, after
reverse transcription of total cellular RNA
followed by polymerase chain reaction
(PCR) amplification (12). FTO-2B clones
transfected with pPCK-ASGa, displayed
normal amounts of Ga;, expression in the
absence of cAMP, an inducer of PEPCK
gene expression (13). Ga,, expression de-
clined >85% when the same cells were
challenged with the cAMP analog, 8-(4-
chlorphenylthio)cAMP (CPT-cAMP) for
12 days (13). FTO-2B clones transfected
with the control vector lacking the antisense
sequence to Ga, displayed no change in
Gay, expression. In contrast to the suppres-
sion of Ga,, the steady-state amounts of
Ga, and Ga;; were not changed in cells
expressing the RNA antisense to Ge, (13),
demonstrating that the effect of the an-
tisense RNA expression was specific for
Ga,. The time elapsing between the induc-
tion of pPCK-ASGe,;, by CPT-cAMP and
the decline of steady-state amounts of G,
likely reflects the half-life of this subunit,
reported to be ~3 days (14).

Gay, is the member of the G, family most
prominently implicated in mediating the
inhibitory adenylylcyclase pathway. Sup-
pression of Gey, expression in FTO-2B cells
was associated with the loss of receptor-
mediated inhibition of adenylylcyclase (Fig.
2, A and B). Inhibition of forskolin-stimu-
lated cAMP accumulation by either somato-
statin (Fig. 2A) or the Al-purinergic agonist
(—)-Né-(R-phenylisopropyl)-adenosine (R-
PIA, Fig. 2B) was nearly abolished in trans-
fectant cells in which RNA antisense to
Gay, was first induced by CPT-cAMP for 12
days. Cells transfected with the vector lack-
ing the antisense sequence for Ga,, dis-
played a normal inhibitory adenylylcyclase
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response following a 12-day challenge with
CPT-cAMP. These data demonstrate that
Ga;, mediates the hormonal inhibition of
hepatic adenylylcyclase.

Because the pPCK-ASGa, construct re-
duced Gay, subunit expression in vitro, we
expanded this approach to in vivo studies to
explore the consequences of G, antisense
RNA expression in transgenic mice. BDF1
mice carrying the pPCK-ASGay, transgene
were identified by DNA (Southern) analy-
sis (Fig. 3). Four founder lines were bred

Fig. 1. The pPCK-ASGe;, con- 1
struct designed for inducible an-
tisense RNA production. The 39
nucleotides immediately upstream
and including the translation initia-
tion codon were selected as the
Ga;, antisense sequence because
of the low degree of homology with

Exon
Intron

and characterized over four generations.
Necropsy and histology of the transgenic and
control mice were performed. Whereas epi-
didymal fat mass was 0.27 + 0.01 g in control
mice, it was only 0.09 *+ 0.03 g in trans-
genic mice; a 65% decrease in fat mass after
6 weeks of neonatal growth and antisense
RNA expression (Table 1). By 18 weeks of
age, fat mass had increased in all mice, but
the transgenic mice still displayed a ~60%
reduction. The pPCK-ASGaq,, transgenic
mice also displayed a 30% reduction in liver

P2
 T6T66666CCA66CCE66CC66C66ACE6CA66ATE —==

102265 182 204 188
172 371 590 230 570 600 90 580 132

163 225 132 96 1067

other G protein a subunits. This sequence did not show significant homology with any of the
sequences present in the GenBank database. The construction is described (20).

Fig. 2. Antisense RNA-induced A

loss in Ga, expression reduces
hormonal inhibition of adenylylcy-
clase. Cells were treated with the
indicated agonists for 15 min at
37°C. The reaction was terminat-
ed with HCI (0.1 N final) and heat-
ing to 100°C. The amount of
cAMP generated was determined
with the use of a competitive bind-
ing assay (21). (A) Somatostatin
inhibition of adenylylcyclase in
cells transfected with the control
vector or the pPCK-ASGe;, con-
struct challenged with CPT-cAMP
for 6 or 12 days. (B) R-PIA dose
response. Cells transfected with
the control vector (open symbols)

100}

% Forskolin-stimulated cAMP accumulation

[ control
PPCK-ASGy

*

or the pPCK-ASGa;, construct Day4c
(solid symbols) were incubated  cpT.cAMP
with increasing concentrations of

06

S C——
07 90 8 6

-log,o[R-PIA], M

06 12
+ o+

R-PIA. Dose response curves were generated from cells cultured either in the absence (O, @) or the
presence of CPT-cAMP for 6 days (A, A) or 12 days ((J, W). The values reported are from three
separate experiments performed in triplicate and are expressed as mean + SEM.

Fig. 3. Identification of pPCK-ASGe,, transgenic mice.
The pPCK-ASGa,, construct was excised as a 7.0-kb
Eco RI-Bam HI fragment free of vector sequences

and microinjected into single cell, preimplantation 527 —

embryos and then the microinjected embryos were 404

transferred into pseudopregnant recipients. Mouse tail 309

biopsies were obtained from the offspring and genom-  238/242 1

ic DNA was isolated (22). Of the 30 offspring, four 217 — 5 BN N
mice were positive for the pPCK-ASGa,, transgene by 201 7 ‘
dot-blot analysis (23). To confirm these results, DNA

from the positive mice was subjected to PCR amplifi-

cation (24) with the primers shown in Fig. 1 and then

used in Southern analysis. The PCR reaction products

were separated by 4% agarose gel electrophoresis,

transferred to nylon membranes, and hybridized at

65°C with a random-primed pLNC-ASGe,, plasmid -+ 4 B (St

labeled with [32P]dATP according to the manufactur-

er's protocols (Stratagene). The appearance of a [*2P]labeled, 0.23-kb band indicated the animal
was transgenic. Lanes labeled from left to right are — (BDF1 mouse tail DNA as negative control),
+ (pPCK-ASGa;, plasmid as positive control), and mouse lines 4, 8, 11, and 28.
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mass at 6 and at 18 weeks of age (Table 1).
Inspection of a wider range of tissues and
organs (Table 1) indicated that growth had
been diminished in tissues selectively target-
ed for pPCK-ASGa;, gene expression (that
is, in tissues which normally express
PEPCK). The growth of brain, heart, lung,
and skeletal muscle was unaffected in mice
containing the pPCK-ASGa,, transgene.
Kidney development was unilateral in two
transgenic mice and prominent vacuolation
localized to the proximal convoluted tubule
of the kidney cortex was observed in 30% of
all other transgenic mice. Kidney mass on
average, however, was not appreciably al-
tered. The basis for the appearance of the
vacuoles and a determination of their con-
tents will require further analysis.

With the use of a probe designed to
simultaneously detect and discriminate be-
tween both the pPCK-ASGe,, RNA and
the endogenous PEPCK mRNA in a ribo-
nuclease (RNAase) protection assay, we
detected the endogenous PEPCK mRNA
but were unable to detect the pPCK-

MIEBLE K ST

BDF 1 Control

ASGa;, RNA expression in either FTO-2B
cells stably transfected with the pPCK-
ASGay, construct or in target tissues of
pPCK-ASGa,, transgenic mice (15). In the
transgenic mice, the amount of endogenous
PEPCK mRNA in hepatic and adipose
tissue was elevated compared to the con-
trols. In RNAase protection assays, the
endogenous PEPCK mRNA was shown to
be induced after challenge with CPT-
cAMP in FTO-2B cells stably transfected
with either the control vector or the pPCK-
ASGa,, construct. With reverse transcrip-
tion and subsequent PCR amplification of
liver RNA samples which provided greater
sensitivity, we were able to detect antisense
RNA expression in the liver of the trans-
genic mice (Fig. 4). This PCR product
comigrated with the product of the reverse
transcription and PCR amplification reac-
tion of pPCK-ASGe;, RNA, the positive
control (Fig. 4). In contrast to the products
obtained from the hepatic RNA of trans-
genic mice, reaction products of the reverse
transcription and PCR amplification of the

M=o B P UBEC - L LY ST

Transgenic

Fig. 4. Detection of pPCK-ASGa;, RNA expression. The indicated tissues were isolated from control
and transgenic mice and total RNA was extracted. One microgram of total RNA was reverse-
transcribed according to the manufacturer's protocol (Promega) with the pPCK-ASGe,—specific
downstream primer, P2, to prime the reverse transcription. The reverse transcription products were
then PCR-amplified with the primers P1 and P2 under the following conditions for 50 cycles: 95°C,
1 min; 60°C, 1 min; 72°C, 2 min. The reaction products were loaded onto a 2% agarose gel and
visualized by staining with ethidium bromide. Left: Total RNA isolated from BDF1 control mice.
Lanes labeled from left to right are M, 100-bp DNA ladder (Gibco BRL); B, brain; F, fat; H, heart; K,
kidney; L, liver; Lu, lung; S, spleen; and T, testes. Right: Total RNA isolated from pPCK-ASGa;,
transgenic mice. Lanes labeled from left to right are M, 100-bp DNA ladder (Gibco BRL); —,
negative control; +, positive control RNA (pPCK-ASGa;, DNA transcribed in vitro); B, brain; F, fat;
H, heart; K, kidney; L, liver; Lu, lung; S, spleen; and T, testes.

Table 1. Tissue weights (g) of targeted and non-targeted tissues in normal
and pPCK-ASGa,, transgenic BDF1 mice. Transgenic mice were pro-

duced and bred at the Stony Brook Transgenic-Mouse facility. Necropsy

= REPORTS

liver RNA samples from the BDF1 control
mice did not display a product with this
mobility (Fig. 4).

Each of the founder mice and their trans-
genic offspring displayed sharply reduced
Gay, expression in fat, liver, and in some
cases kidney (Fig. 5A); tissues in which the
PEPCK gene is expressed. The amount of
Gay, expression was equivalent to wild type
in brain, lung, spleen, and testes (Fig. 5B).
For all four founder lines, the amount of
Gay, in the fat and liver of mice that express
the pPCK-ASGa,, transgene was less than
5% of that observed for the control. In the
kidney, the suppression of Ge,, was more
variable, some animals displayed less than
5% of the control amounts, others displayed
wild-type amounts of expression. The vari-
ability of Ge, expression in the kidney may
reflect epigenetic effects as a result of differ-
ences in the sites of integration of the
transgene. These data do indicate, however,
that Ga, expression was suppressed in target
tissues. Furthermore, albeit low relative to
the amount of endogenous PEPCK mRNA,
the amount of Ga,, antisense RNA that
accumulated was sufficient to suppress G,
subunit expression.

A major characteristic of the mice car-
rying the pPCK-ASGa;, transgene was a
failure to thrive (Figs. 6, A and B). Al-
though similar to the controls at birth, after
6 weeks of postnatal development and an-
tisense RNA expression, the transgenic
mice without Ge,, displayed >30% reduc-
tion in body weight. Food consumption was
equivalent for control and transgenic mice,
yet the difference in body weight of trans-
genic mice was still observed at 18 weeks of
age, and plateaued at >20% below normal
at 24 weeks. As a percentage of body
weight, fat mass was reduced in the trans-
genic animals lacking Gey, (Fig. 6C). Al-
though 30% smaller in body weight at 6
weeks of age, transgenic mice had liver
mass equivalent to normal mice on a per-
cent body weight basis. By 18 weeks of age,
however, transgenic mice had lower body
weights than normal mice, and a liver mass

and histology was performed by Charles River Laboratories. The results
displayed are mean values = SEM (n = 6).

Age (weeks)

Tissue 12 18

Transgenic/normal Ratio Transgenic/normal Ratio Transgenic/normal Ratio
Brain 0.39 + 0.01/0.44 = 0.03 0.89 0.42 = 0.01/0.43 = 0.01 0.98 0.45 + 0.02/0.46 = 0.02 0.98
Fat*¥ 0.09 = 0.03/0.27 = 0.03 0.33 0.19 £ 0.01/0.37 = 0.04 0.49 0.19 = 0.01/0.47 = 0.01 0.40
Heart 0.11 £ 0.01/0.13 = 0.01 0.85 0.14 + 0.02/0.14 = 0.01 1.00 0.19 = 0.02/0.20 + 0.02 0.95
Kidney* 0.14 = 0.03/0.19 = 0.02 0.74 0.19 £ 0.02/0.19 + 0.02 1.00 0.28 = 0.02/0.28 + 0.03 1.00
Liver* 1.07 = 0.08/1.49 + 0.02 0.72 1.08 + 0.04/1.49 = 0.03 0.72 1.24 = 0.03/1.89 + 0.09 0.66
Lung 0.13 £ 0.01/0.15 = 0.03 0.87 0.17 + 0.02/0.18 = 0.01 0.94 0.18 = 0.02/0.19 = 0.04 0.95
Sk. musclet 0.10 = 0.02/0.15 = 0.01 0.67 0.14 = 0.02/0.14 + 0.02 1.00 0.20 + 0.05/0.22 + 0.03 0.91

*Denotes target tissue for pPCK-ASGay,. TEpididymal fat pad. $Gastrocnemius skeletal muscle.

SCIENCE ¢ VOL.260 * 14 MAY 1993 993



R

-

considerably less (~20%) than that of the
control on a percentage of body weight
basis (Fig. 6C). Thus, the consequences of
the loss of G, on metabolic and develop-
mental processes were observed in fat, but
not liver at 6 weeks of age, whereas by 18
weeks of age the loss of Gay, affected
growth in both tissues.

The RNAase protection assays indicated
that the steady-state accumulation of the
transgene RNA was ~100-fold lower than

Fig. 5. Ga;, expression is sup- A
pressed in pPCK-ASGa,, trans-
genic mice. Crude membranes
were prepared from the indicated
tissues obtained from both control
and transgenic mice ranging in
age from 6 to 18 weeks. Samples
were subjected to SDS—polyacryl-
amide gel electrophoresis and
transferred to nitrocellulose for
immunoblot analysis with antibod-
ies specific for Ga,, (CM-112). (A)
Gay, immunoblot of crude mem-
branes (200 ng/lane) prepared
from targeted tissues for pPCK-
ASGa,, expression. Lanes la-
beled from left to right in kidney
samples are C (control BDF1) and
transgenic mouse lines 4, 8, 11,
and 28. The photographs shown C
for fat and liver samples are rep-

4

that of the endogenous PEPCK mRNA.
We offer two explanations for this observa-
tion. (i) A proposed mechanism of action
for antisense RNA is to reduce the amount
of mRNA available for translation by tar-
geting the antisense RNA-mRNA duplex
for degradation. (ii) The hybrid pPCK-
ASGa;, RNA may be less stable than the
endogenous PEPCK mRNA and therefore
not accumulate to equivalent levels. Our
ability to detect antisense Gey, RNA in

BDF1

Fat Control

D A — i, —

Transgenic

>--—.._h <

Btk DLt

B 28

resentative of Ga,, expression in all of the transgenic animals tested over four generations. (B) Ge;,
immunoblot of crude membranes (30 pg/lane) prepared from non-targeted tissues isolated from
control and transgenic mice. Lanes labeled from left to right in each blot are B, brain; L, lung; S,

spleen; and T, testes.

Fig. 6. Suppression of G, B

expression by RNA an-
tisense to Ga,, blunts neo-
natal growth. (A) The pPCK-
ASGa,, transgenic animals
have a marked reduction in
neonatal growth. Shown are
control (left) and transgenic
(right) male mice at 6 weeks
of age. The body weights of
the normal and transgenic
mice shown were 17 g and
9.9 g, respectively. (B) Nor-
mal and transgenic mice (n
= 6) were weighed at the
times indicated after birth. 80
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to the Charles River Laboratories for complete necropsy and histological examinations of targeted
and non-targeted tissues. Fat mass (expressed as percent body weight) was significantly reduced
in transgenic mice at 6 and 18 weeks of age. (C) Liver mass (as percent of body weight) was
significantly reduced in transgenic mice at 18, but not 6 weeks. The values reported are expressed
as mean = SEM. Litter size of the transgenic mice (seven to nine pups) was not significantly different

from the litter sizes of BDF1 control mice.
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liver but not in kidney nor fat tissues of the
transgenic mice with the sensitive reverse
transcription and PCR amplification assay
may reflect the limited extent to which the
antisense RNA accumulates in fat and kid-
ney even when transcribed from a gene
under the control of the PEPCK promoter.

These results address a question relating
the specificity of the effects observed in the
transgenic mice to suppression of G, and
not to aberrant PEPCK gene expression
resulting from integration of the transgene.
The extremely low, steady-state accumula-
tion of the transgene RNA relative to the
PEPCK mRNA suggests that any pPCK-
ASGa;, transgene product would not con-
tribute significantly to the PEPCK protein
pool. Furthermore, results from RNAase
protection assays demonstrate that the en-
dogenous PEPCK mRNA is highly abun-
dant and inducible by cAMP in both stably
transfected FTO-2B cells as well as in he-
patocytes and adipocytes from pPCK-
ASGa, transgenic animals, demonstrating
that the transgene does not affect endoge-
nous PEPCK gene expression. The elevated
steady-state accumulation of endogenous
PEPCK mRNA that we observed in the
pPCK-ASGa,;, transgenic mice likely
reflects the elevation of intracellular cAMP,
secondary to the suppression of Ga;,. The
reduction in G, amounts observed in the
adipose tissue of pPCK-ASGe,, transgenic
mice was associated with a threefold eleva-
tion in basal amounts of cAMP (4.99 +
0.44 and 16.45 = 1.37 pmol per 10° cells for
control and transgenic mice, respectively),
as well as the loss of the inhibitory adenylyl-
cyclase response in isolated fat cells (16).

G protein-linked responses regulate
many cellular processes in vivo such as the
hormonal regulation of metabolic pathways
such as lipolysis, glycogenolysis, and gluco-
neogenesis. The G proteins G, and G,
regulate these pathways by altering the
activity of adenylylcyclase and hence the
intracellular amounts of cAMP. G, and G;
have also been implicated in oncogenesis
and differentiation. Constitutively active
mutants of Ga, and Ga;, subunits have
been identified in pituitary, thyroid, ova-
rian, and adrenal tumors (7, 17, 18). Ga,
and Ga,, also regulate adipogenesis in
mouse 3T3-L1 cells (19) and stem cell
differentiation of F9 teratocarcinoma cells
into primitive endoderm (20), in a manner
that cannot be explained simply by changes
in intracellular cAMP.

Here, suppression of Ge, in liver and fat
of transgenic mice was associated with a dra-
matic reduction in neonatal growth. The
reduction in body mass cannot be explained
by the reduction in the mass of targeted
organs, nor by differences in food consump-
tion, suggesting that a reduction in Gay,
expression induces a metabolic alteration ad-




versely affecting neonatal growth. Thus, the
blockade of the expression of a single G
protein subunit, Gay,, in tissues prominent in
metabolism, affects not only the development
of targeted tissues, but can also result in
pleiotropic metabolic consequences.
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Cue-Invariant Shape Sélectivity of
Macaque Inferior Temporal Neurons

Gyula Sary, Rufin Vogels,* Guy A. Orban

The perception of shape is independent of the size and position of the shape and also of
the visual cue that defines it. The same shape can be recognized whether defined by a
difference in luminance, by motion, or by texture. Experiments showed that the shape
selectivity of individual cells in the macaque inferior temporal cortex did not vary with the
size and position of a shape and also did not vary with the visual cue used to define the
shape. This cue invariance was true for static luminance and texture cues as well as for
relative motion cues—that is, for cues that are processed in ventral and dorsal visual
pathways. The properties of these inferior temporal cells meet the demands of cue-

invariant shape coding.

Recently, it has been shown that the
direction selectivity of cells in the primate
extrastriate middle temporal area (MT) is
generally form-cue—invariant (1). This may
underlie the form-cue invariance in the
perception of motion direction. Here, we
present neurophysiological evidence that a
population of cells in the macaque inferior
temporal cortex (IT) (2) forms the neural
correlate of a different type of perceptual
invariance: the visual cue invariance of
shape perception (3) (Fig. 1).
Neuropsychological observations in hu-
mans as well as in animals have shown that
IT lesions cause severe impairments in vi-
sual shape discrimination (4). Also, single-
cell recording studies have revealed that the
responses of IT cells can be highly selective
for visual shape, preferring some shapes
over others (5, 6). It has been shown that
IT neurons keep their shape selectivity

Fig. 1. Shape perception
is cue-invariant. A square
can be defined by a dif-
ference in luminance be-
tween figure and back-
ground (Lum.), by rela-
tive motion of the dots
(up versus down) of the
figure and background
(Kin.), or by a difference
in dot size (texture) be-

irrespective of changes in retinal image size,
contrast sign, or position (7). These neu-
ronal response invariances match the in-
variance in size, contrast, and position of
shape perception, which suggests that the
IT is involved in the processes that underlie
the recognition of shapes and objects.
These experiments have used shapes de-
fined by a single visual cue, luminance
contrast. We stimulated IT cells using
shapes defined by one of three visual cues
and determined whether their shape selec-
tivity was cue-independent.

Neurons were recorded in the IT cortex
of two male rhesus monkeys performing a
fixation task (8). Sets of eight figutes (Fig.
2) created by random dots were used as
stimuli (9). Each figure could be defined by
one of three cues: luminance difference,
relative motion, or texture difference (Fig.
1). In the case of the luminance-defined

tween figure and background (Tex.). For the middle figure (Kin.), the arrows show the direction of
motion of the dots and the hatching indicates the virtual borders, which are rendered visible solely

by virtue of relative dot motion.
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