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Fig 4 . oOrientation columns in the visual cortex of the monkey. (Courtesy of Gary Blasdel.)

A. Image of a 9 by 12 mm rectangle of cortical surface taken while the monkey viewed contours
of different orientations (indicated on the right). This image was obtained through optical
imaging and by comparing local changes in reflectance, which indicate activity. Areas that were
most active during the presentation of a particular orientation are indicated by the color chosen
to represent that orientation (bars on the right). Complementary colors were chosen to
represent orthogonal orientations. Hence, red and green indicate maximal activities in response
to horizontal and vertical, while blue and yellow indicate greatest activation by left and right
oblique. B. Enlargement of a pinwheel-like area in A. Orientations producing the greatest
activity remain constant along radials, extending outward from a center, but change
continuously (through £ 18°).

C. Three-dimensional organization of orientation columnsina 1 mm x 1 mm X 2 mm slab of
primary visual cortex underlying the square surface region depicted in B.
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Fig 5. The ocular dominance columns.

A. This autoradiograph of the primary visual cortex of an adult monkey shows the ocular dominance columns as
alternating white and dark (labeled and unlabeled) patches in layer 4 of the cortex, below the pial surface. One eye
of the monkey was injected with a cell label, which over the course of 2 weeks was transported to the lateral
geniculate nucleus and then across synapses to the geniculocortical relay cells, whose axons terminate in layer 4 of
the visual cortex. Areas of layer 4 that receive input from the injected eye are heavily labeled and appear white;
the alternating unlabeled patches receive input from the uninjected eye. In all, some 56 columns can be counted in
layer 4C. The underlying white matter appears white because it contains the labeled axons of geniculate cells.
(From Hubel and Wiesel 1979.)

B. The scheme of inputs to the alternating ocular dominance columns in layer 4 of the primary visual cortex.
Inputs from the contralateral (C) and ipsilateral (1) eyes arise in different layers in the lateral geniculate nucleus
(LGN), identified in Figure 27-5, and project to different subdivisions of layer 4

aS cel (hypercolumn)s, o jleww aiw G olas ;a8 Jas axly a5 Wloo S slpin Jawg 9 blo
ks 4 Sl ol B laggin 5l (g Sus (42,0 Y0 (Glp) locgzr slaggiw 5 Ll ped g5ioxe
Ol 5l ool e 50) iz 99 50 51 (8L ,0 Sledlbl a4y b g lacgz plad s b a5 ) lagygiw 51 ol atws j»
Ol cage 4 a5 30 0929 > b (gl o cnlply el Syl e Sl wes (oo gl (2l
Ol 5o alie Cosbge LIS GlaS e 5 aline Cgz Gl GoS e aliwy 4 oul 5T (6955 Dl
Sgh Jo adsl ol ;23 51 (SasS 25 0 by lr SRS dhes 4 dly e i g0 ol sl
oo mac plin 45 Jol ol b gls ol v o Gl |y Slas loasse 51 ioe G Olusgas ollS e

'



5 Jlo 3l o puns wbioo o pldl ) gplico Jlocl zasg 4 S 0 &5 S (slokipd )T slouxly
pateie 4>l S o pbicga den bshs 4 bay e laggin jl slacgee sl 1) Gl ale el fuss
LY]ssls bl )| K0S b co,e oVlasl alowg 45 Sgiw sbaasly wiop oo )5 & Lad o

Sz bl ols Hhad e (e G sgux Jlalez (gte 2 )l L)L S e Sux b o slaggie
O 4 (Pl e Ja3 (Bye 0 (S 1S (o0 ekl Siletesn (B9 o jelme slapgie (e
S5 oo Ol o0 i b 9l dgzg a3 Ve B0 e a4 by (e Sz o SBL Sl G0
Fa P28 5l S 4l o 0 laggie Sl laegeme (plin Gl ;o losdie Jolo 0di S Glas 2 6l &S
Slaegomo Jro Wlwd a2 3 V72 suliw )0 SaoS Jolgd 4 (See (uz 5 slacu 45 Jloges a5 5 ls 3524
TFlams o ol iy ool b Lol ocnazmay (52 o & ot p 51 5550 406 50 1y yfocaer sloygins
sdobe 5 ¥ &Y sladsle (ool pur sladshe ol pler Sl Glapgin 925 2l 223 500 (S
S0 iy 1S aladshe LY @Y ool 5 ST oo C8b 0 i Sl L ) (6399 sl dlsal ool
Lflast s 8 15l ,0 SO b 4y 0l (oo <8l 0 (53955

ol aileass aoplesle (blobs) Cle &jsn 4 5,550 S8 lrey,S Jlocas slagguws S5l 5o
b Loyl o g wdl (oo ;28 SLod 5 S8 sboaY )0 292 Slage 4l Lol W)l oLl cq
Lol Wil oo Sqz i Cobl e ladsle Ggime ol il oo ol S Glag g
Lol s g0 (L 355 5l GloansS QL el j5 5l cols s sb sl &5 wits aloiys,58 S5ioxe
slaie (K) Cwogas 5 (Shy 99> 5l 5 e so plojle (nl )3 aidly (oo Lamme - 55 e a plejle il
80 (oo Gl Hoh slagge Job pled 4 Larzme o5 (Jl> 50 (55 0 ) G 135 50 508 Die Jams (o0 i
b by 69959 b ol o3l (VDadsl olon 528 21 )0 a5 vy oo, & iz cnlpl
@9 2l S e albrle 9 &S > G5 zee Job pais 4 bge sleacs 3l pan Sl 5 08 g
RO, 9975 395 xS Al o 05T (o0 Djge b Gloe 0 S e e 5 Kl S e
b @lie Y o olbnlr § &5 5 S ez @ Jsb s 1n eanS bl collB gl a5 ol
Ivlacsl oo ol

g Lol wal oo alad ol dlwg 4 Cdel (6500 4 et S5l Dbigz jeme Sl oS
STy @iz K5y sloS e a4 el Sl ool Vi 51T o ¥ slaas¥ jo L6 sla sl IS5 (e
W (el iz (il S5 e glashs e Wl oS Glage iR 0

3l sosm £ S5y il b b e ool g obiur jeme 4 cnins mul ladshe laggie » egdle

gs’l""‘"f :..JL(: ‘Slbug.ua LQ)L.}L».: U"‘ XS = uu)‘o).: ‘) W 99 QL?‘» @Lﬁéoa)s @W uﬂlMA oK



G by pie 1) leply 5 ot Jolo olate 2ol)T lyls a5 u3)ls s (0cular dominance column)
S loplid laamlsiel G5 b ol L Slaggie aiies mhe S 93 W0 )0 5 WS (g0 2l
P B e piar L aS T Yl ala i e o390 SIS nolsl cu) o s cnaline LB pia
W18 3 glite Sygo ay 5550w gl i b g il oads s las a4y il bLS |
e WSS )3 (3908 90 41 4 Ayl (lins 5 entas (slaelSins il il
s b e glaalee 4y ol G0 4 aF cl olaiygye Gl &S Sbiwa b jbigs bagie )
i (o0 gl (Sl o>
a bgye i o cod olaJshe Joli a5 (F a¥ 4 - a¥ Vb, anle g olakid Yol -Y
bz b asdl (o0 Ky pansuis
S oo 28y S0 i b et S5l alesog s o alee Sl slaggin Y
o ol ) glo o 5l (S8 3blie a5 wiloads aailejle ooy ld & 00 4 5Ll sloasly oyl
el 523 sl s bl K0S b 4 5 o bl cVlasl alesg 4 by 48 (o050 sbrolSins ams
il Al bl | gg5 90 o
W3k (oo 658 Gl Y 3 (63 Shes slagygie Jolds a5 (5390s o5~
Ivfasl oo Glass (o135 b g0 Slae laggins oaims Jlasl a5 a8l g5 -0
[8]iomtliaw 380 DL 51 JoSid g (> 41 25
G e wigd oo 25U allys, slaclled o S8 lulisl 5l aS e ST s sl &b o3 e
&g 4y gi 5l L3 bog,s bl goS] s 5285 5 axdl o, SLlS W oyl o i e ol el o
G905 ool p ogs e bl Sl slesl (oSl ) sl oo @l ol Sl glanl (b

s ys,e o a5 (Activity dependent mechanism)coles 4 diwly (slopucilSo lawg LS )| on boxy

ma,75 A 5o Collad 4y atily Slapasle Wed (o0 Mol 09d (o plwl Bun la sl 5 eyl i

WIS (o0 S gk ;e b b e s
@ ogrre slasle o @80 Slabls )l JSias 5 jre iluaz )b SO Joe g8 Sl ey o) (e e 5o
O SB3E LS, g e damme SI1 ol (Sa gl B g abgrye plail G polats (sl STy
& Cod W5 5l ey 8, adsl Jolie g0 sz Sl Ysens sannl pd e Sl WS oo i

555 sk oo

o 94,5 gl cwy b g g hlo 10 (o0 gt |y (o (s ylae 0l A gl (om> Camog yxo



ASh slaJgle a5 wo S aaS Ll win,S cwyp |y obo ;28 VY asb o Jsle &wl » (eprivation
i 90 b G sleply 4y his halase 23 Y€ 4Y 4 (lateral ginaculated nuclcleus) o> gl aiws
2 olnle 0gd (oo 0 FC 4 (ol 9 YU lasbe jo (SUgs s Euly (gl Gges )3 i (o0 Guly
3 (oo Gouly 0 Cug) iz 90 g S canlis e Ko 2 YO ¥ ol 5 Y sladsbo 15T iopgane
) Sgaen i S ST aimd (o ol o b S i 4 Tpanie ¥C 4 sla ol 51 (SzsS Cons Laid
i itz o 1) ol (s (ad 5L 5l (So) s lp Gle ain asu b (Sale £ U Wy ol
&Sl Sl s sla sl 5 dns i 40l G lSSE sla sk 5l (S S slacd ses (oo Cuws
ol b i o gl ol oS e & lasb (al 45 wa8s (on Gl i o 2l s ply s i
iz ool o & o5 (6,88 laolu 5 wias (o5 fly ond A iz & ol 25 Sbasle ie
3l Soeg e (Jg el pdil S8 adgl Sy e DSl aiiss BB ol S0 lp wigd (oo L2
W i 50 0 b e S S e 525 sladsbe sl ol b ol S0 5l g dl 08
OB o il g @l S Gl 4 e Sy e oSl (gl aie) wd; 0)90 n Sl 0 &S b e
Sles ol LT 9,5 (oo 90 528 slaobs by 5o (ool Sl 5% 1 gilin A glaggiw o
) o lopls mix 2 a5 058 o (55l oL Saiiwe JSlis I slagygin jo Sleisle Slss Lol e
b olialepgust (il (Soily atwn slaJslosl 095 30 i b (oo (ilz (29l wmn ladghe 5l (e 09 S
S8 anlpy aus o Jl) Foo ay Los..a:;m (Sl 3 VY asl o Jolo gl g limme slayly @
Y sloJoho o Gl gz o b 23 oleo LI sla gt cowlite o3lail sl (Scogll ol daasbl
Gl FC Y GlacSag, aiind oo ply i)l L3 Y Hled Sl 9 YL sloay o a5 Sla sk 4 FC
Sl (590 b ol 9 YU laasY lawgl (i 9o 5l (CONVErgence input) /Sjee (slosly isls

(e 728, (ODC) ol I slaggin srlore p (ol Somgyme 230 (SoSa S50 lp laetils
a1, ¢ H proling ) s Juiles slaa! gisl (oo 335,5 ag e als plo @il 51 1) Seews 4om pde S
~ g 45 Wdgad osnline Lol o) )y ;88 @ |y Ll Jlaml (8 Sg00l, 5l 5l eoliinl b g 9,8 5,5 eir
w51 sl slaply saS il o slaygin Gl a4 (ol pia 5l o slaply saiS b ,e sla
23 oLl Wilgh oo (W3 5l amy sl ole £) (Suij adol J=lye 50 Coag e (al by il 00 5 gy dmgi o
53,5 o0 Fho (o>lgi (hny 50 LIl JSB ki b 3910 & i olesin Copog yo ans i | e
AL s ygiw 30 olhyel sply «SS&5 sl (competition) culd, 5 (cooperation) s e
b ol 223 FC Y 5o plin L laggin wd; (a0 5l miar o (93,5 g o WSs Tk oo (2L

VY



ey sk Il i) oo 588 FC 4 4 ol a9l gle e I sl slayed By Tams o e
Al oo Ay ol Gl bpgie iz e laply GRIBN a0 oS o Slisen
MWalS g5 loj 10 ol & slacygiw ax 510,51 (o Joe 4 Cailon (b Wig, plosl 5l ol Cang oo
5O 0l pg e pir eS| slaaill a5 54h o el )] Cdled malS Al 0 g e i (lABLS 0,
b Curdg oo At g cwac slaaibl ST 4 05,5 1,8 (Selective disadventage) obes! cow! SO
ol e i S ey 3l Al 0B, SlS Wi ley o bgie 5 s 5 ol 4 anles Jgae 393
sl (5950 pi3 glygias Ay Aig) (Fanil (il 93 (pl RS (sl Higd Al et gl

Ogome 50 35 gy olaml IS 4 g ley jo olio Jdl Glagygin a5 cal sols las Sladllas
2l ad ;0 gl Gla,d eow ALS e 0, el ek 4 gl am atan £ L Sl LI sl g
Sy 625 5 4 b ojhie slagyg,s 0 Oy oo |y ol e slapgie b Wgd (0 SIS Ml Sl
5 s BogST 4 Sl o 5,5 L L (il Seily din lagg s ol slaailbl J=e jo 35 sl
39 9oL Obleisl blo Seily dimd ylygl mad S Tl 0 45 wBS o L (SuogiUT SoST (! L0905 cdalie
0 ) (Al (29305 A G988 AT W w4 Sjle (o i ;2 Glp (2l L gt Wi @ by e @bl
45 (Gyab 4 0SS oo Cugli g Arwgi 1) ;500 Slledil g uRS oo Cawd 3 1y GRIbleil 31 gl (el (S pd S
WS (o0 518 g bLI,I b 51 (S 2l L Gpgiw (mro s she b s (9,98 ploxil

-5 3 et sla)lg Ojso 4 jeie (Js i) (0 TO AV @ pir e lagyg,e 4l g gl 5o
oo S FC Y (6,28 glad 1o piz o slopaSag, ll o sl e SLls wad SLSE le
Gl Gl o g 5lam Jui; slbaian ol o 0S4l S8l Fegr ands LSS )0 o g ol
T e o ead 3)ly slayguST 5l Gl 0g)S g5 wed (oo el S, (pl sl (oo 95 SuB, i 9o
Db oo pll b &LL 5l eg,8 SO (selective elimination) i/ ds b Joe (p) Xgd < o olain

Sol; ated slo ol b yemST (S Sz 0,00 il ol so dtey o pir Ky a5 (5,5l o
35l b e 0y cplpls o (competitive disadventage) ol cow/ o 50 i pie> Sl
sy (oo drgs ity o ol LT a4 rmrle Sl 5 S e & rnls iz (slagysyg 5 LG B3
G5 eas Gl ;o Wlo b g atiis S 6 Wy ley yo v albly cplas Lo cpl s uld Sauss o o
SIRY WA PRWIRVAPEPLEiy ey a5 sab led 510 09z glas it s )lyg] slaaibl 5l S piie Gas sla gl
5 0055 0 Gl S0 laggysi b dhowy (ny igd (oo gl> Olejpe job 4 iz ples 5l sl slo

M 5l el S 5o mir S oyl slons By alnli Wsd e ohes Baa sladsle (9,5 Sus3
V¥



O 68 ail ansls (Competitive adventage) (ulB) cuje SO Cdl> ) b s o955 (6 s
QS o drwgi el sla Jghe Byl b i g oS o, 45 ol wlgs | ojll cpl Ll 4 gt SO sl i
i el ol 5 65 Ken a8 o Jos o ynd SIS Cpz 0 mdr 90 sl lad e <o) (oge 5o
WS 80 Slisen ey S it glad Sy 0wl sl b 09,5 50 45 Wigd (o (LRl (s

L 0gh (o i b i Glopd o e g b oo palS Cul) wgh o dls e SO (S5
lalSlaz grae slad jo (JolS (K315 500 asds LSS slp adly oo b iz sl sloyd & g5
® 89y a7 Wbl bl (s Gligeem wdy adsl Jolie po sl Glayed ST sy 4 wiS gy S
laggin JSas Al Guy ls (St Glysl jod 095 50 G ol 4 ol I lagge w51 Saas
5 (MLLAW ) Y el iy Sel y5mST 05,8 30 o ol oloml b 58 8525 amsbs clls o a5 li
S A4Sl S5lSE la sk adljsd 50 wid S sy Wl glaasl g o 1) easay ! (MLC. paton) il
JSis |y @l ppal oelae job 4 olin peiSS 0 aF e 8 oo jre hlie axl ) GlaleyguS] i
5Y )5 Gy gy plajle g 4t (nl ol ogdle 5 0,00 o9 s sl sl 5l (B, 4T ger e (o0
ABNS LI b plar S00F e 5l G5 o ) g iz (SUB) 0l aie Ko obml Gl S s
b i S eST (s h (o 1 jalre b eSS 4 0ad AL i SelSE la sl (slagygeS]
o slp Ol s 095 93 ST bl il (o0 asils Ogliie laggin | colite lagSIl 4 g i
125 09 (oo obml (Gyiw gon lojle spae 733 Jio po (ol oSS 0 aiiST S (bl ok
2 edlod,S 180 gy lagwled g W)l ) cunlinw (6,500 o iy o ynd LS jaile (L cel 2B,
5| olaw a5 el ol ol ame ., wimles Judoo il 60,5 i s 5ieS oled 45 Sla s a5
g (o0 Sbml Ll glite (g alwy (noy Wy, (o0 Jolod a0

e sl Gy Gladins 4 4Sh I pogate Ay Gla S 5 (Jobo (Soiaz olul » leigus]
aaes oo JSs JsSle asets glaanld Gelul 1) gl (GBS0 atii g, o0 ol 428 4 Ll
Bap (59,5 @ 1) (9mSThe el (nl 0l (o0 £9,0 Zul) 5 (50 ulul 2 gl slapuslSe plol
ipdee JS5 ) 38 (SBI S g 4tk G oS (5 55k jle (oo Ll e Sne
5 i S & barye jslme losd 60 ol el ar ol cdld (Slojen 5 50n a3
i, Sen g (M. Stryker) ,So yiol awgs oo plowl Gliolej] S04 oo w90 oyly9l (sloud o <olB,
Do)l 5 Syl b sl ST (e (Brre ) 5 Sl 0aisS Al g S laie 4 ) grae Codlid
ol el (i J310) 098 53,3 TTX Gl aaa Y B Y gloay )5 azy 4y 51 200,5 auS( W.Harris



TTH) g god oS5 i A (slagssin 5 99 o 455k (tlin ] 405 iS5 slo oo o

Mormal dewvelopment of ocular Crcular dominance column formation after
dominance columns deprivation at different times in development
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Axon from left eye fires alone,

leading 1o a small depolarization
of the target cell which is inadequate
1o activate the NMDA receplors.

Small amounts of neurotrophic
factor normally awvailable do not
sustain the axon

Axon
from
left eye

Axons from
right eye

Meurotrophic
factor

© ©

Target cell

Fram From
left eye right eye

Axans from right eye fire
synchronously, leading to a larger
depolarization of the target cell and
activation of the NMDA receptors
This causes the target cell to release
increased amounts of neurctrophic
factor which is taken up by the
active presynaptic terminals from
the left eye during endocytic
retrieval of the plasma membrane

Target cell
The inactive axon from the
left eye. which has not taken up
neurotrophic factor, retracts.
Target cell

Axon branches from the right eye,
stimulated by the neurctrophic
factor, sprout and occupy the
wvacated target site.
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