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Visual System: How Does Blindsight
Arise?
Some patients can discriminate unseen visual stimuli within a field defect
caused by damage to the primary visual cortex. The pathways for this
‘blindsight’ have never been established, but recent studies implicate hitherto
overlooked cells in the thalamic LGN.
Alan Cowey

The primary visual cortex, or V1, is the
major cortical destination of the input
from the eyes and contains a ‘map’
of the image on the retina. Hardly
surprising, then, that when it is partly
destroyed, as often happens following
stroke or traumatic injury to the back
of the brain, the patient has a visual
field defect in which he is clinically
blind — part of the map has been
deleted. Why the term ‘clinically blind’?
Why not just blind? The answer lies in
a controversy that began almost
a century ago between two eminent
British neurologists. Gordon Holmes [1]
concluded that, in the absence of part
of the striate cortex, the blindness is
complete, the field defect is absolute.
But George Riddoch [2], contemporary
and colleague, disagreed and argued
that such patients could perceive
motion within their otherwise blind
field. This controversy, like old
volcanoes, has rumbled on ever since
and pervades much of the research
on what is now called blindsight.

Several investigators have studied
the role of V1 in monkeys, the visual
pathways of which closely resemble
our own. They have found an ever
increasing range of residual visual
sensitivity and discrimination within the
visual field defect caused by removing
part, or even all, of V1 (see [3] for
review) — not just reflexes such as
the pupillary response to light, but
also learned voluntary responses to
the orientation, shape, brightness,
size and motion of visual stimuli.
Unsurprisingly, monkeys, unlike human
patients, were considered to have
genuine residual vision and this was
attributed to the many other pathways
from the eye into the brain, as shown
schematically in Figure 1.

But a huge puzzle remained: why
don’t patients have the same abilities
given that they too have these other
pathways? The answer lies in the
different ways in which monkeys and
patients had been tested for decades.
Patients were asked whether they saw
anything in their field defects and with
the exception of motion— and perhaps
not even that — they said ‘‘No’’. But
monkeys were not asked this question.
Instead, and in order to get a reward,
they had to choose between two
visual stimuli — to make forced-choice
decisions. This difference was
highlighted when several investigators
[4,5], using forced-choice guessing,
demonstrated that patients were just as
good as monkeys, and Cowey and
Stoerig [6] showed that monkeys
categorized visual stimuli that they
coulddetect as being not like a light, but
invisible. In both cases the subjects
were showing ‘blindsight’, excellent
forcedchoiceperformance in the faceof
denial of consciously seeing anything.
Once the relevance of investigations

on monkeys to human blindsight was
established the search was renewed in
monkeys for the pathways that underlie
it. Did all the pathwaysshown in Figure 1
contribute or only one or a few? Early
work [7] showed that monkeyswith part
ofV1 removedcouldstillmove their eyes
to targetsconfined to thefielddefectbut
that this ability was destroyed if the
corresponding part of the superior
colliculus, which also has a ‘map’ of the
retina, was subsequently extirpated.
This still remains strong evidence that
the pathway from the eye to the superior
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Figure 1. The known pathways from the eye to the brain.

The right side of the diagram shows the normal arrangement; the left side shows the effect of
removing V1. Thicker lines show the heavier projections. Dotted lines show numerically weaker
projections.Themanyonwardcorticalpathways fromV2,V3,V4,etc. areomitted.On the left, lack-
ing V1, the major visual input to the temporal lobe processing stream is diminished but that from
the K cells remains. The subcortical nuclei within the square outline at the bottom are chiefly con-
cerned with reflexive responses to light. Labelling from bottom upwards: SCN, suprachiasmatic
nucleus; MTN, LTN and DTN, medial, lateral and dorsal terminal accessory optic nuclei; NOT,
nucleus of the optic tract; ON, olivary nucleus; PGN, pregeniculate nucleus; SC, superior collicu-
lus; IP, inferiorpulvinar;LGN, lateral geniculatenucleus. It isnotyetclearwhether theKcell input to
temporal lobe areas TEO and TE is direct or via V2, V3 and V4. Adapted with permission from [3].
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colliculus [8], and perhaps onwards
from there — which consists of more
than 104 fibres from each eye — is
responsible for blindsight, a conclusion
that anatomical demonstrationsof other
pathways from eye to cortex that do not
involve thesuperiorcolliculushavedone
little to modify. The recent paper by
Schmid and colleagues [9] is bound to
rekindle this debate. By combining
behavioural, functional neuroimaging,
and neuropharmacological methods,
these authors provide the most
compelling evidence yet that a direct
pathway from the retina to the thalamic
lateral geniculate nucleus (LGN), and
from there to extrastriate visual cortex,
is the key to understanding blindsight.

TheLGNhas sometimesbeen likened
to a jumbo club sandwich. It has six
prominent layers of neurons, shown in
Figure2. The top4,called ‘parvocellular’
because the neurons are small, receives
input from the colour-opponent P
ganglion cells of the eyes. The two
bottom, ‘magnocellular’ layers receive
their input from the retinal M ganglion
cells, which are not colour opponent, or
only slightly so. Almost every P and M
cell in the LGN, about a million of them,
degenerates within a few weeks of
removingV1. Itwaspreviously assumed
that all blindsight must therefore derive
from the retinal ganglion cells that
project to the midbrain, as shown
in Figure 1.

But what about the layers of the LGN
between the P and M layers? In these
interlaminar layers, the cells are
small and so pale in conventional
Nissl stained sections that they
were mistaken for interneurons or
non-neuronal glial cells by many
investigators for many years. That this
was incorrect became clear only
10 years ago [10] with the discovery
that the K, or ‘konio’ retinal cells project
to these interlaminar layers, the cells
of which are as abundant as the large
conspicuous M cells of the LGN.
Moreover, they do not degenerate,
or not extensively, after V1 is damaged.
Furthermore, the K cells of the
interlaminar layers project to extra-
striate visual cortex [11], bypassing V1.
These discoveries set the stage for
the recent investigations by Schmid
et al. [9,12].

Using awake behaving monkeys,
Schmid et al. first showed [12]
that, within a field defect caused
by removing part of V1, the monkeys
could still detect and move their eyes
to visual stimuli confined to the field
defect, initially shown many years ago
[7,13]. But, for the first time, they found
that neurons in the extrastriate visual
areas V2 and V3 were excited by the
stimuli, albeit sub-normally. This
extended earlier observations [13,14]
that cells in the motion area MT+/V5
of similar monkeys were also
excitable bymoving visual stimuli within
a field defect and demonstrated that the
blind-field responseswerenot restricted
to the extrastriate motion areas.
The most recent study [9] of two
macaque monkeys with field defects
produced by V1 lesions goes much
further by functional magnetic
resonance imaging (fMRI) of the
monkeys while they are discriminating
visual stimuli in the scanner.
The functional images showed that
extrastriate visual areas V2, V3, V4,
MT+/V5, the floor of the superior
temporal sulcus and parts of the
parietal lobewere all activated by visual



Figure 2. Nissl stained section through a
normal macaque monkey’s LGN.

P, parvocellular layers; M, magnocellular
layers; I, interlaminar layers. Adapted with
permission from [17].
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stimuli in the field defect. But when
the lateral geniculate nucleus was
reversibly inactivated by the GABA
agonist THIP — the effective region
of which was visualised by concurrent
structural magnetic imaging and by
also injecting the magnetic resonance
contrast-agent gadolinium — both the
extrastriate activity and the behavioural
discrimination were abolished.

As the GABA agonist does not affect
the retinal axons passing beneath the
LGN en route to the superior colliculus,
the role of the latter and other mid-brain
centres in blindsight has to be
re-evaluated. Further steps are likely
to includewhether thepathway fromeye
tosuperiorcolliculus is indeed important
but that the output from superior
colliculus is routed via the interlaminar
layers of the LGN. It will also be
important to record from the amygdala,
often implicated in affective blindsight
[15,16] such as responses to emotional
visual stimuli, in order to determine
whether the amygdala has a privileged
visual input that is independent of the
LGN and might involve the collicular
projections to the pulvinar nucleus and/
or themedial dorsal thalamus. Lastly, as
icing on the cake, it should be possible
to demonstrate behaviourally that such
monkeys are displaying blindsightwhen
they respond. It seems that the
resolution of a longstanding problem
is at last in sight.
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Gene Silencing: Small RNAs Control
RNA Polymerase II Elongation
Short interfering RNAs trigger histone silencing marks and stalling of RNA
polymerase II at their genomic target sites through a mechanism termed
transcriptional gene silencing (TGS). TheArgonaute protein NRDE-3, alongwith
NRDE-2, are needed for TGS in C. elegans. TGS also inhibits elongation and
controls alternative splicing in mammalian cells.
Mariano Alló
and Alberto R. Kornblihtt*

Three types of small, double-stranded
RNAs play fundamental regulatory
roles in eukaryotic cells. Although
they share many functions, these
RNAs differ in length, internal
complementarity, protein partners
and mechanisms of action. Whereas
short interfering RNAs (siRNAs)
and microRNAs (miRNAs) are 21–25
nucleotides long, PIWI-interacting
RNAs (piRNAs) are 24–31 nucleotides
long. The two strands of siRNAs and
piRNAs are fully complementary, while
a distinctive feature of miRNAs is the
presence of internal mismatches. All
three types are able to trigger
degradation or translational arrest of
mRNAs carrying target sequences in
a cytoplasmic process known as
post-transcriptional gene silencing
(PTGS). PTGS elicited by transfection
of siRNAs targeting specific mRNAs
has become one of the most powerful
tools to knockdown gene expression
in mammalian cells and study gene
function in a rapid, affordable and
robust way. A second mechanism
triggered by small RNAs, termed
transcriptional gene silencing (TGS), is
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