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Experimental procedures 
Animal preparation 
Procedures were approved by the Animal Care and Use Committee of the Smith-
Kettlewell Eye Research Institute. Adult cats were initially anesthetized with 
Ketamine (22 mg/kg) and Xylazine (1.1 mg/kg). Following venous cannulation 
and tracheotomy, anesthesia was maintained with Fentanyl (typically 10 μg/kg/hr, 
i.v.), supplemented by inhalation of N2O mixed with O2 (typically in a ratio of 
70:30), and, as needed, with Sodium Pentothal (up to 2 mg/kg/hr, i.v.). A 
craniotomy was performed over area V1. The pupils were dilated with atropine. 
Nictitating membranes were retracted with phenylephrine, and the eyes were 
protected with gas-permeable contact lenses. Muscle relaxation was induced 
with Pancuronium Bromide (0.15 mg/kg/hr, i.v.). The animals were artificially 
respirated and received an antibiotic (Cephazolin, 20 mg/kg, i.m., twice a day) an 
anti-cholinergic agent (Atropine sulfate, 0.05 mg/kg, i.m., daily), and an anti-
inflammatory steroid (Dexamethasone, 0.4 mg/kg, i.m., daily). Fluid balance was 
maintained by intravenous infusion. Body temperature was maintained near 
37°C. Depth of anesthesia was assessed from the EEG, the heart rate, and the 
level of expired CO2 concentration. To confirm the validity of these assessments 
we occasionally interrupted the administration of muscle relaxants to test the 
depth of anesthesia, and never found it lacking.  

Maps of orientation preference were obtained as described elsewhere (Benucci 
et al., 2007). Briefly, we stained the cortex with the voltage-sensitive dye (VSD) 
RH-1692, and imaged its fluorescence with a CMOS digital camera (1M60 
DALSA, Ontario, Canada) as part of the Imager 3001 setup (Optical Imaging Inc, 
Rehovot, Israel). Images were acquired at 110 Hz with a resolution of 56 μm per 
pixel. Additional spatial filtering was performed off-line (band-pass, 0.2-2.2 



cycles/mm). Stimulus onset and frame acquisition were synchronized with the 
respirator. Illumination was provided by a halogen light and delivered through 
optic fibers. The excitation filter was band-pass (630 ± 10 nm), and the emission 
filter was high-pass (> 665 nm).  

Having obtained maps of orientation preference, we implanted a 10x10 
microelectrode array with an electrode length of 1.5 mm and a grid spacing of 
400 μm (Cyberkinetics Neurotechnology Systems, Foxborough, Massachusetts, 
USA). Across the array, the impedance varied between 0.1 and 0.8 MΩ. Methods 
for these recordings are provided elsewhere (Nauhaus and Ringach, 2007). 
Briefly, the array was inserted in the cortex at high speed (~8 m/s) with a 
pneumatic device. The array and the surrounding tissue were covered with 2% 
agar to improve stability. Signals were digitized at 30 kHz. LFPs were extracted 
through bandpass filtering (0.3 Hz-500 Hz) and sampled at 2 kHz. Spikes were 
extracted by bandpass filtering between 250 Hz and 7.5 kHz. Signals that 
crossed an appropriate threshold were saved to disk and defined as multi-unit 
activity (MUA).  

Visual stimulation 
Stimuli were generated with the Psychophysics toolbox and displayed 57 cm 
away on a CRT monitor (Sony Trinitron 500PS, mean luminance 32 cd/m2, 
refresh rate 120 Hz). We used large (30 deg) sine-wave gratings at 50% 
contrast. The spatial frequency was optimized for each experiment (0.1-0.4 
cycles/deg). Orientation noise stimuli consisted of a sequence of gratings flashed 
for 32 ms each, randomly varying in orientation (6-12 values) and spatial phase 
(4 values). Each sequence typically lasted 6-12 s. In cats 1 and 3 we randomly 
interspersed blank frames between the gratings. Standing gratings contrast-
reversed at 4 Hz, lasted 4 s, and had one of 12 orientations and one of 4 spatial 
phases. Stimuli were repeated in 5-10 trials and stimulus order in each trial was 
randomized. 
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Supplementary Figure 1. Relation between local map structure and predictability 
of LFP tuning curves. For each electrode, we quantified the local structure of the 
orientation preference map by computing an homogeneity index (Nauhaus et al., 
2008). This index ranges from 0 to 1. High values represent regions with 
homogeneous orientation preference (such as iso-orientation domains), low 
values represent regions with diverse orientation preferences (such as near 
pinwheel centers). The model performance is quantified by computing the 
percentage of variance in the measured LFP tuning curves (black dots in Figure 
2F) that is explained by the spatial integration model based on the orientation 
maps (red traces in Figure 2F). In regions with homogeneous orientation 
preference, the model yields a better description of measured LFP tuning curves 
(r = 0.38, p = 0.008, robust regression). 

Supplementary Figure 2. Time course of induced gamma-band activity. (A) 
Spectrogram of induced activity measured at the orientation orthogonal to the 
preferred orientation for the recording site shown in Figure 1A-E. To compute the 
spectrogram, a sliding hamming window was used on short intervals of the LFP 
response (65 ms), during which the presentation of a grating was followed by the 
presentation of a blank screen. From each interval, the evoked component had 
been removed before by subtracting the mean across intervals. White lines 
indicate the gamma band (25-90 Hz). (B) Same, for the preferred orientation. (C) 
Separability analysis of the induced gamma band activity. The orientation time 
image (C) was obtained by computing the average amplitude within the gamma 
frequency band. The best separable approximation to this response was 
obtained with Singular Value Decomposition. The model captures the data very 
well (middle panel), which is also evidenced by the absence of any structure in 
the residual image (right panel). The high degree of separability indicates that the 
induced gamma band activity has an orientation tuning that is constant over time. 

Supplementary Figure 3. LFP selectivity and integration area estimated without 
subtracting the mean response across recording sites. This figure reports the 
results of performing the same analysis as in Figures 1-2 without removing the 
mean across sites. (A) Selectivity of the single recording site shown in Figure 1A-
E. (B) Selectivity across the entire electrode array. (C) Relation between 
orientation preference of LFPs and simultaneously recorded multi-unit spike 
activity. (D) Relation between predicted and measured LFP responses, across all 
orientations and recording sites, as a function of the radius of integration. The 
correlation peaks at a radius of σ = 100 µm (r = 0.69, p<0.0001). (E) Relation 



between orientation preference of predicted and measured LFPs at the optimal 
radius of integration (σ = 100 µm). Conventions as in Figures 1-2. 

 



0 0.5 1
−100

−50

0

50

100

Homogeneity index

V
ar

ia
nc

e 
ex

pl
ai

ne
d

Supplementary Figure 1



 0 deg

 Data  Residuals

 A  B

 C

F
re

qu
en

cy
 [H

z]

A
m

pl
itu

de
A

m
pl

itu
de

20 40 60
0

50

100

150

90 deg

20 40 60

0.02

0.04

0.06

0.02

0.04

0.06

0.08

T
im

e 
[m

s]

0 90 180

10

20

30

40

50

60

Orientation [deg]

Time [ms] Time [ms]

0 90 180. 0 90 180

Supplementary Figure 2



Supplementary Figure 3

A

B C

D E

−0.5 0

0

50

100

150

200

z−scores

T
im

e 
[m

s]

−0.5 0
z−scores

 

90 deg

 0 deg
45 deg

Orientation [deg]
0 90 180

 

 

−0.6

0.4

0 180

Orientation [deg]

−0.8

1.0

z
−

sc
or

es

0 60 120 180
0

60

120

180

LFP

M
U

A

r = 0.84

Preferred orientation [deg] 

0 100 200 300 400
0

0.2

0.4

0.6

0.8

C
or

re
la

tio
n,

 r

Width of weighting function, σ [µm]
0 60 120 180

0

60

120

180

Measured LFP

P
re

di
ct

ed
 L

F
P

r = 0.47

0

0.1

0.2

A
m

pl
itu

de

3 30 60
0

0.1

0.2

A
m

pl
itu

de

Frequency [Hz]



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


