11 TRE5&EL

SHAEMFAE, TAKERE, #HITER; LTALE RS, #ITEL,

AFAML AP, #HETE Rz s, AT ALL0, Bids TR, REART KB E,
FTAE BESANERT R . SR E G Edn, BRI H —RR AP E X590 TF A rk, T
A B ERGE RN, T afe&kegilie, KMNTAFE LN T EM,

11.1 BRRA %L
RIFRAEINEHRGEZR Y, MAFRABRFOFLLRALEMAFHREEZ —,
B 77 ik A ik & R A A 4 R 69 3 4F A8 . AL R S AERR AL, d R INTAT 5 A LS 3k
1Fa s A B ELE L AENH MR R AR EN AR T ABNER, HA TEMH3
P8 h TR MR R A AT H 3B G S AT B AR A A 09 B PR T B AAVG AL R AR
Ao AR WIS R0 IR IR, B, BRILFR—HE,

E11-1 W4
: ATMBIIEWNEMMELZARME, EALAAZEHANECRETENB
F: HEFE, BELmimEiEs), AR\ EHENEZES

A (visual illusion) AR S A, TR FALRATRELGH EHH. K5 HAH
HAET, RV BRANEZARIFAET, EFPARARMTHRARNALRDGTLFRHGFF. AL
B R RN R G EAE T AT E R, E PR RMERHA,

112 AE 5 AR
M ERETRE . A R, HEmBLH AR, 12 CN TR R —H T .
HLA B AR ) A B AR FT Y. A4 T A AR B R RER KA. BB RRIR KRB
B, B AR ET TR, CAASASTHAEHMBEAR L MW BEALZE LSRRI
—Fr 534 e atA, BP cryptochromes, ‘C £ 4L BT A% .
NFA SRR IRFEFAAE Z R, B FARL R AR ANIE+T SR, FRHY
MR —F, W EEREIRIFL.

Dorsal

CParieta\)
Pathway 3
£
»
Vi 3
V- V,,((
ventra\ )v}_
N

112 W EE
Z: MR EEME N WHE, SMIBERAE (LGN), WX 124, FM@EE . BEM
W, A AWK EE, AMZ, WX, ks, sSOREE
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ANBILIE F RMAL T S0 B 69 AR BE T, BREF Q9L M AL (retina) A IR IR1FAE 5 6 fiffEm T,
1% 3% 3| fo f 69 S B4k 4k (lateral geniculate nucleus, LGN). # 2| K fm 694 & & (visual cortex),
&AL 8 5

AALH TS AT AR G REILM RS 8 AR B IE wed, KAMMIIEILLE . X—R
SRR T MG E R %, CTRAT AR RMEOELRR, b A TAANET MLy
cryptochromes #= melanopsin.

11.3 RA A2 mAe

AREE W % AP m il 20 i . ARGRRIRMATEE A AL, dhkik (GEX ZRb R AE A, Ak hiE

4t lens) . Kbtk (vitreous body). #LF AL . LM Ay 2 fm e il i3 LAY 22 (optic nerve) @) 4% 4o

PLRAIE A ZBAPZmattid kiE 5, $—RARAMA (photoreceptors), 5 =4 A M 4 e

(bipolar cells), % =28 AMAPEF a2 (retina ganglion cells, RGC). LML H A4 #
2 8. A 5B T KFmiE (horizontal cells) #= & A2 2@ ffL(amacrine cells).

B 11-3 AR ol B
Z: BRIk, ®E, MR, BREK, K&K, URE, W, AL,
F: B REE. WAFE, WEmE, NRaKE, WY an

KRG AR Fe AL R R SR

HFR (1596-1650) £ 1637 64 (Frikit) —H P § L RREFOMI]. 8 12F5HMK
8 GEA) — B LH LA RE Layirzmih (5 RARAMATFMIL) . & F RELE W% kil
AR A SRR ARG )AL R . AL R B E 6943 B 1B i LAY 2 AR IR B 45 44 B K B 69 T AL,

Rodouter
Segment

Rod inner
Segment

Ce
} hs‘i\y
] 'hmiva:c

B 11-4 & F/REREE . YAF4 A, Schultz B HLAT 40 f fo W46 40 i, WUAT 48 f i 2 4
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il A, AL E—BBEm@mILA Afr: AAF@E (rods) FeAlsEmie (cones)o 1675

4 Anton van Leeuwenhoek (1632-1723)#L T A MK 2] T B mfe, ®— & % F 5 89 Gottfried

Reinhold Treviranus (1776-1837)#& 7 & X @ ft, +/u#4, (&2EH 4 Rudolph Albert von Kolliker

(1817 -1905) 5 Max Schultze (1825-1874) B % T AL I IE 2@ L & 43 & A= B K. 4@ et o Z5 ) 9 Schultze
I &) 69 AT Fo AL HE 20 2 o

((/?1(///:/'('(/ Reintold Trevirars Rude ,/ Albert von Seolliker iﬁw‘-]’m

(1776-1837 } (1817-1905 11825-1874}

B 11-5 Treviranus. Kolliker. Schultze

AT ta i — BB K B9 AF R34, AR A <IN (outer segment), AR HAE A AAT 0 i dy
HEXLTFAEME: AELH 1210 @I, @I 6 87 AEmMI, P e o206 >
B, TR 2 TMFEF TR, RAEEHIN G EmIE, XA AAF@IL. AT
ERRBSNRE, MEMBETRBRNMRE, ZHHNETHFE—Rm@mid,

Hecht % (1942) #= van der Velden (1946) & #L&& & 2a ot X 69 SR AEF B, A @ Ie#L T
AR AN FH R o HATEY TAE G A% Stanford K 52 6947 504 B £ 45 44 69 B K P 364 (Baylor,
Lamb, Yau, 1979). fEiksm b, AT B4 5 3] 8 Ak F.

B H SR K A 2 S #4% Wilhelm Kithne (1837-1900) 7 1878 SF A #L: it F AR EA
EALRARAG T, —HERBELARART, BLAARE, TAHE T TG T. SaRkE,
VAR VAR R AL o o RALEA GG AR AL R LA B T Ao b3z 2L6G 6P e, KRB X F, s Rla X
MFEHIEN, RERFEFOARE—BRERLJFATAT . FFE L, —BEFELXLE, &X—
&I S A I

114 RBEHEALE G

1851 4, 12 H &9 Heinrich Miiller (1801-1858) A MM ¥ AAF ML 2 40 &, KA R b
21 4m i 69 o 20 & 6 P ig A, (Miiller, 1851; Ripps, 2008),

1877 %, 12 E A 32 % K Franz Boll (1849-1879) X ., EREFAAF@ie A e, LA 2045
TREE. 0FBRATLE, RGMBERAAT ML T GLEE, RARACEHR”, LBk
REmiEa, ABLE2 I ELRALE, RHRTATEHZONXZ, LHRTRLEEZA8
X % . Boll R B AMAF S BB 457k 090 R, @it k42, K542 K (Boll, 1871;
Wolf, 2001; Ripps, 2008). =T 14 Boll & & it X6 B 4547 d Ak 4k 48 TAE, 30 % 35F-Fif,

Franz Boll IWilly Siittne
(1849-1879 ) Q O 11837-1900f

E11-6  Boll, #LMEWEEFfE R, Kihne
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Boll #9i6 L K % B A, 1&E #i514E 0 Kihne Fr45 284 £ 41 %, Kithne ART S X LB E 6
B, @ 1877 £ 1882 a4 W ot 1A Andh /) #F AL M AL, K %k 22 HAa ka9 L (Kithne, 1879,
1882; Wolf, 2001). Kiihne ¥ Boll #940L4F & & A& K “#L %> (visual purple), Kithne X I AIE A
BAAT@mAe ) AR T LRAFELER G —Mmie: AR EFR LR @mIE (retinal pigment
epithelium, RPE). A A /£ RPE AAMIFLT, #MAR QMA@ AR T EHRA X E.
LRINZOF LRI E G5, AAWHBBRHOARBLRTEX—3, A5 as®
B f% (Wolf, 2001).

Kiithne & B 7 R IALE 69 7 ik : EPRRRZR T, LM EF RPE 27, ARERL, BHH
BALRE, REmAREHLER, AAFmMILERE, EMBEIRET ., BAET RS8R, ~
AeidaB i FEBE . 2T IR THM %, Kihne M€ 2 & @ . Kihne K AL ST A G AT AR
B, REAAAZEG. MR Y ERBAIE, AT REZHRIEMAPLZ (Wolf, 2001).
Kiihne # T3 A £ 3400 09 B AR M3k 2] 0 F K-F, A EFE2H 295 F. Kihne KIGAE, £
#REFE KRR MM L6 F G rhodopsin, FFEAUE LR,

BRAMEZOREOR, MAKRSANAALARER DN FEERR. —THL, 2354
RIEFNHR, BEYRFAEAZTONALRIS /T . BARRARFEKIE S, 21983 F
% B &9 Paul Hargrave (1938-) #=7%%4y Yuri Ovchinnikov (1934-1988) ##lidid 4 HIKE, 2
AWM REHRGFTFAEZRONLEKAKRFI,

LAt Cdede BEL B 20 ANAL GFKALR, T ALRE @AM oiRRr, AAEHZ
B AR5 P T RN AN K 3R, BPATIREY L EHME a7, AL F L AR —%
ZAK (e R E A eik) 5 G B OiBEE, FTiB“GPCR” (G & BB R), 3R Lmabtyaf
ALK IALE X E G A GPCR. AL & ORI T HEN GPCR, MK LR FRTHRE LN
oF ¥ %6 GPCR, Xt FTIHE ) GPCR £ K J LA,

THRAEEG—84EHM (ALARAFY)) B, #—FF2rpEL =S NEH, WEES
5 H M35 tm JORE 69 & & S —KF, ARTARMEB it X KATH AT R s k4549, 1997 4, B K89 Kimura
ERAKRCELEIBGSHERNT MAALEEONEM (Kimura et al., 1999). 1999 F, * 5
HERE LB HEMTT @A EE QM =24 H (Belrhali er al., 1999). iX 2t2& AR F MW
HEITTEEBEERB. 2000 -F, £E5H0AHFEBATRFAEEOW=Z4L4EH, F2T7
T AL B0 42 545 5 (Palczewski ef al., 2000) .

115 4% A A%

A BEAMB AN FRERELEEOR, TEEZEES T,

+ /L4 Kithne #F % K LT MR 6YZ G342, ¥ L, BEE. HEILE, mEFER
TR AR E M RE B, RIZA FIN—A0T, BRBERKRETAESR (Wolf, 2001). &k
W RIB TR ERNEZE QLT RN LB Ko

MEBGRAERBFREARELEF AR, LTFATANRKEERNALALBTATAS R
e —fRE A, M EXIA LR EFSERMME (Wolf, 2001). Ak wis/k (ATHT 460-325) &
HERFEEELHIE. 1913 5, @AM EF K54 Elmer McGollum 5 Marguerite Davis. i} -&
K % & Thomas Osborne 5 Lafayette Mendel £ZFF £ R A K F 2T AR AL P RALLEZ A,
1925 4, JH%F A4 k5 T A 5F 5P 69 Fridericia 5 Holm iEBA4E A F A A 54012 8 6 £
TORR, AREXTRMEEALEF A SR EFRENKXFZ, Yudkin T 1931 SFie A RS 4 &
Ao

WK FH £ BAF K George Wald (1906-1997) F 1927 SF A4 KF LG #H AT T X
. BFR A —F97 L E R ARAe Selig Hecht (1892-1947) 3%, J& it Hecht 4 $ ). K&
Hecht 3 Bf R # R F LWL AELFE, 1919 FGRE LR AR LHBRIR S, &AM
BEHPAA, EWF ERAS (Hecht, 1919). Wald #F % AR 2 R, KR 5 AL
WA A AR Z AL, 1932 381542 (Dowling, 2002). Wald /& E#1% /5, 4 #1)FMA Otto
Warburg (1883-1970, [EA&F 5 m it B ALE R T A2 6 hLHl M3k 1931 S5 W RAEZ) ., Paul Karrer
(1889-1971, BAF LAE M AR KL HEAF A 69X R 3K 1937 FiE N RILFE) F= Otto Meyerhof
(1884-1951, B #F juABBEME MR 1922 FiE N RALE), Wald EEANFEREF] TARG LA
Fe o #77r k (Dowling, 2002). Wald #F 50 & H 18] 52 5] 69 ARK AR WA G BF 5077 @) 2 ALSE, wtd
LB F T RABATH T E B Tk AT OF TR AT, 2 EE
ARG HTF . AR FEMTIAL PG T., Wald £ Warburg F3EF A A LESH, K5
K F QAREM T 7T R 24 £ & A. Warburg 32X Wald )T A # 3 ¥ s % 89 Karrer, Wald /& Karrer
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RIERMNT ., F, BOARE, FAMAELEE A (Wald, 1933). FFEBERAAEEK
Meyerhof £ 30E, KMNAR PR ARENA RN, %A F AMXGHTH TR, HiLEK
T, A EMAI (visual cycle) Fito

.(/Z)w(*(/(' YWald
11906-1997F

retinal
HsC CHs

X

11-cis X

CHs X

NS

e}

HyC CHj
NN
all-trans o
CH

3

Bl 11-7  Wald & H & 304 91 3 BEAE 26

1934 5 Wald @ 2| £ H, MBS KFREF o hmE % A 5L XZ (Wald, 1935,
1968), tofeR) T U+ F 69 TR T AT AL ML AL 6932/, oA R BLEGALYE 3R 30 AL R LA
A EG AAY L F F MK, 2K A (all-trans retinal) 5 11 8% (11-cis retinal) » /£ 288, 11
IR EEE 5 EE TR EMNEESLS, Z5EERNAATOFH ARG —A, T—HELEL,;
AR, 11 MR ENALRBAEZR, KEMAEEE, MARES, BANRABBIRT
o

AR EARALE B MR, R EBEIEIR, B AT AH % (Smith, 2010), & ENE S
FM ey FARS, A 10BHARE. ALFTRLERRRE—F, MBS P,

BB TAEROAETAOAIMART, ZLELTHOFR=ZREAGEH LK, L4644
HEALRE (o, By v), BHE Goalh &4 % EHR 058, /&H %M cGMP (Arshavsky
&, 2002), EHMIHMARE, BoEmaeLat, &% 215 F 2 cGMP, 1985 F 75545
I & 49 4 B2 #F % B 69 Fensenko 5 & &6 30, I B A8 R GE B 3 49 R K 4w it R 1 1 B Ak A% cGMP
Frax e d-FiliE, EMEBTASETRAMBA, XeR LM,

Bobtmfn e £ 8 A JUAE L — AV 2 mia sk gt 5 2 40R0E, ZAHEERE, Rk
A B, BT T AN ERr, Lok, EHEREKONIE, REMEE, mARIPH
BERY, BRAmMIBBEHAY Z B RS R £ RIEP SRR — MR LD TRV E M, AR
R m AR A 09 5 BB AT T R 69 AR Lm A A PR AP TS Bl 69 4F B, S5 AR R APH], X B TR m iR &
&) 09 8 8RR A A BRI AL, AR S B h R MBS AR AR Y w4
AP E] s R A BRI G A A, KRR G B A ABR R Y T AR AT A S A o

11.6 &R =R ERMN

FEAF KL (Robert Hooke, 1635-1703, #M2 faRE#) T 1665 F4 4 : LMK 2
MRS A EARRFRTR R E. st ety aese, mARPESHFHIAXER
EOECREY W/ QU P N

8 (1642-1727) HAZB AT A3 A AR FH LS MRS F38 . F0 TR E L F 4
REENE, L1704 F XL (RF) —B. AEF AR, K ASRT 1672 58 A=
BT R E R F R, KA F AR, FH4eil &0 RAPE F A IPRAG R L, iR “May
not the harmony and discord of colours arise from the proportions of the vibrations propagated through
the fibres of the optick nerves into the brain”, 4k % AT Bl e I4E A TALAP 2, A K dmFHA
e R TR . ARGV E S, FIALA IR Bk,
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Robert Hooke Isaac Newton

11642-1727F
11635-1703}

B 11-8 ¥ 7 Fu 44

=R & & dE George Palmer (aka George Giros de Gentilly, 1746-1826) F 1777 SF4& 4 : “&
RAB=A, BAH A ER, &, o, B MR & @A =4 AR 6Bk, RMTF =4k,
A BA A AL AR, KA, ﬁﬁb‘omﬁ AP R 5 0 3L 5 TR AR R IR A, X AL R IR
BRI 5 I 09 LR A ARl

3% B 44 K Thomas Young (1773-1829) F 1801 F 542, 1802 F K & 9 kA& 09 3L 87,
EIRTHRE CLF) PHMEAE TG, Young 42, LML LHR & TR A
R F AL, WA H B AR T RG, AT EREAMRGBAEL, k=R E, o, &K,
B H—MOKRH RSV BBTER T WA EHEART T RA =5, 2 A —HREHK
Beo ETHMHARXEAME, L0 RRFMNERSE =4 R EH AT L 7’5&[‘&5’3/&@]1*1

f/Z*o/;ye Soalrneer
11746-1826}

K 11-9  Palmer 7 Young

EEHEFREE EMF (James Clerk Maxwell, 1831-1879) #=f& H 4 3 5 K k44 F %
(Hermann von Helmholtz, 1821-1894) X & 7 Young &9 & %32t . & el HiL A 1861 FEFT
@ EQ 7* ) ﬁ/J —]— AB o
(([II)[&Y G)A),‘él //(Ll?()(’// x(/{(}IY}I(III/I 001 -(/{(;//)Iﬁ()// 74
11831-1879F 1 182717—”1894T

F11-10 Z e fF B E%
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At E A A A A RN m ATk, TR T ARG e AR, SFTFER, A
J& T Young 6932, REAZAMATE, SR, G, BRER, MM EQ AN =M
A RRALEGEE, FRARYWET. IS EES ER AR EAMERZRE, THRE
ZRAPWETHHNRAL,

RIS T ARG 35 2 4 32 4 K Ragnar Granit (1900-1991) 230 4h 89 57 35 K IL S 7] 69 AL 4 4m fiL
The oA AR & (Granit, 1941, 1943, 1945),

AR BB R A TUAY . AT Z R KRR, B2 1964 FFA HERELELI KT
FFRAHE (Marks et al., 1964). AF ZAPAL4E a5k A BRI K5 A 1 564 nm. 533 nm
#2437 nm. CMHAELF . Gk, REAANLERAREG @i, ReARCMNAK (L),
(M), 42 (S) ke min., TR e Lmiat LR, Hratd&a (opsins) HaY
HRKALTE . REBA I E I RGBS,

((]g(y”w( Gz Violet  Blue Green Yellow Orange Red

S
5]

(1900-1991 } 9
T i 3 S w/ b A
H FHNEHH 2 \
i S 3 \
© A o 35 \
\ = /ANNEH 2 X \
g \
: \
i s 437 533 564
o L ' 'l ‘ >
500 600
wave\enjﬂmo\m)

B 11-11 Granit 2 A 2K A% 40 f8 09 % K RE AL 3

11.7 &R 5T E 8

Wald #F Zid R &0 69 mfe, KA CAA AMFEES, 2RO AZEaTR. A4, defTk
FALMTRRERE G HEE? 1980 F X4, Jeremy Nathans (1958-) 7 Stanford Kk 52 # A7
%4, §JF A David Hogness. Hogness A 1960 S+ AAF X R KF 69
ST AEMF, FIRHES RS T A FH K, 12 Nathans A2 A\ Hogness
RIBENFHR, ROMAXGETZROLR, mELRFAERBEREH
RAEAR

Hargrave #= Ovchinnikov (1934-1988) " #Tk#F T FME & a2
KALBRFI G, EAKTREIETHAEAR?

1983 47, Nathan 5 Hogness # M/ 28 T oAl a9 Fouk . Ao 4] &
EXHATE (RMEXEHHEARNAEAT S, BARZAHFE T
mip b ) HAEE QAN F I AL, PTAT AB AR & G KA
X E G, Nathans WA XA T WO Y. F—F, @3 e FA 8 & 3
257, RE L% cDNA MM LA REGRGARLRE D, F=
Y, AFOAEEaARFRAGAEEOLAR: £=F, AA%&y | K 11-12 Nathans
ARFRAEAFTOVLAR, F9F, B2 EMMBEATE O R GHE,

Nathans 89 % — % & A5 F £4 5 H K, @ Hargrave #= Ovchinnikov & Al A4 7r ik, &
WA o B AL R, (2B S RARA R, A TR THRRGER ., $HRAEMF T &
Wi, FTHTAMEUE, EAEXFTETARNK—% ([2dEcL3R) A FeyF k. e,
BEiFH3R 0 RABR I H LT, #4& DNA 84, 7Hit2 4 KA R DNA L& fm X2 48 52 69
4K & /. Nathans #= Hogness & #% Hargrave % (1982) #Rifl 49 AL % & ¥ 5 /5 7], %1% DNA
FAT, B R ERRFRAAEE G cDNA, FREMNNEZ L KALRFI.

% =<, Nathans Al 4#LE & & & B 69 5 780384, £ AL cDNA LE P FHRAGIEZ
8o BIXFAEE G0 — A 72 TAGTACTACTTGT, Af 24 A69AL% & & 48 53X — B 7T fig A7 2
ZA], fadk B 5z B R . il KA AR T A AR B a9 2K, R AR & G A B HIRA R
KA IE & G A B . Nathans Frie Al T B TE9FF & L A mfeH)ig AL E S E ) DNA. Nathan
#= Hogness T 1984 FiRE X B AN E KR AL R, L AL G 7] 5 F 09K & GraMEA 93.4%.

H=, RAWAEE AL E DNA BIR4, FRAEAZTONEAR ., X2 KX THMNALEL
FOLRIZEAEFR QR —Ho Ao M. LR AN ER G AR #IRA, @Kk A

Jereny. Vathans
(1958-1
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B, RE A=K E, Nathans F (1986) KA CMmAG AR LR & E G ML, @
58 G MR 41%.

hefoT #y 2 i% Z ANKE AR AT 4 AR €7 Nathan 5 /& 1986 SF69 % — i (#H52) & LR, 47~
& F &% DNA K B 7% A=48 2 T Nathans 3RIFe9 X B 9047, AmAR TEAR 5 &6t
RER ARAEREFEL T AMFHELSYRD TS T—RAINEZEHIHENETSTFHARLY
AL,

11.8 &R

G HE %, RAELANREY =AM EmiL, Nyt RRWMREARKG R,
BEAmiERK, XAFE—BRHBLEENZRE, METEERALIN=RE,

MM T A5 RAAR SR AEAT G E5MFHR, L PRGN FHRE, BAELE
AR MEMN TR REG R . AGILRER =AM LE G, LB T 1986 FikF, LT if
REL BT AW FETE, ARG TAEEOUIEDFI . —REFREG K, VIR ) %
=RAEmL, FEAARERILE, FAKM, BLER LRI, REFHRGINE,

SEHE— B TFTRMRATE T, FABL. AN B R @L R A % — B AAT a8
Fodemin, 1998 FAAMREFZ Z RGN LT miet, AUV HEmbss —FFEEa:
melanopsin (Z£%& &) (Provencio etal., 1998, 2000). iX 3 4mfiL =T & £ 4n X & (Hattar et al.,
2002; Berson ef al., 2002). #1 2012 “FJ& Stanford K 503 & 52 % 32 b A W AR A2 i % KR T 7
A3 =& A F &k ag e (Horiguchi et al., 2012), 3% 24 melanopsin 4 af8, 25 &9
Huw K, AEATHRE-— XM ZAAZLGER SRR X (Senthilan ef al., 2012), T4k
FALEAER, AR — 2 RABEFAES, £ H RS B, A TFEBELR—ZH—
AR AFE.

SFEDAFECTTFRGLE, KEFERGEMBTH PR, LE0ME, OLIEALBA
B Fo il 0 BAk,

119 ¥4 ARE
ML IN G BT AL R,
AR Ay 245 B AR ey = mip (Bkmin, SMmi, WAL THmin) %L, LR
NIEA A mip (deR-Fmfe, LR@E) LAEALHAT, &b,

Jteve W, ((/1(7'/'// er
) 11913-1980}

& 11-13 Hartline & H on 7 off K M L #4, Kuffler X # on-center % it

% B 4 25 ¥ Keffer Hartline (1903-1983) T 1932 F32 5k 2| I 35 42 EARALAY 22 69 2h 4F £.4x
KA R HOR 55 L AR E, AR m LAk (Hartline and Graham, 1932). £ % #4954
NAAY A TR T, A LAY BB R RB A AR RL, A 3t 45 kA R (on response),
A AP 2 RO E R B 5% (off response), A AL E R 45 K A=k 69 B 4Z BB 4K 5%

(on-off response) , A BALAY 22 R AL A B, A L& 6938 3 458 3w — e ALAY 22 69 & (Hartline,
1938, 1940a, 1940b). Hartline #k: “EAA 2 MR AIR /T, WL R GATH $A2iT5h 69 %
A e~ AL (Hartline, 1942),

Stephen Kuffler (1903-1980) #F %1 #94L F RS04 & 3L, RGC 9 A 55 2 8 S a9 # b AL |
A AR K. A2 RGC $ R F R PSR On RE. BALA Off R (AR H“On F &7 5 ),
HEAMB, A O RE. BAE On R (FRAOFf P o7& % %), @R AR R P S
Fa JB ) R 3R T A HIAY 2 a9 Bhop (Kuffler, 1953). 3% B & Horace Barlow (1921-, ik R L&
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BN FF kAL R L AE F] £ KL I (Barlow, 1953; Barlow, FitzHugh and Kuffler, 1957).
X KR FAAE# E] RGC i T A TR,

"B LB 89 RGC £t AF 28 41 42 34 B SRR AR (LGN), 8l & H — /A~ LGN, 455 &, 2.
3. 5 BEXREMA MG RGC &4, 1. 4. 6 &3 M4 RGC 444, LGN 8949 22 4% 4%
B R BT e BALE (V1)

11.10 AL RE AT 764 25 a
X A0 BAL B E BT, RAPBAZ LA KISt — R R k. % Kk £ A4 K David Hubel
(1926-2013) F=3% #3k %4152 K Torsten Weisel (1924-) 9 &-1F 4 #5 1 %4 (Hubel and Wiesel,
1998, 2005). 1958 5, Wiesel 2 & i K AR AT 5 BT Kuffler 4915 4-J5, Hubel ko N A 32
% Vernon Mountcastle (1918-2015) £ 3F, 12 H 43 2 WA HE R iT k&, Kuffler #L Hubel 5
Wiesel & ANAF =M, X—SAFE425F, mAAEF#H AR R R, Kuffler #2 Barlow
L2 A RIE1ZE 5, Hubel A2 Wiesel #F 5040 % & o

) WA T7a 7AW ; 7 /
o SCSeher JOIrsLerd . % (CSEC.

& 11-14 Hubel 7 Wiesel

EHRRKE, Kuffler #944E#% &80 T B4F69/0%E (Talbot and Kuffler, 1952), T VAR & kA=
RAF, o BT AR 3R RO R B e R 3K, Pl T AT R 89 R4S k. Hubel AA KW
T R L BITF B AR AL (Hubel, 1957), fRBRA K ECELFRLEGH AL, CoR 2%
(B4R 0.5 3 0.05 #R) TABIFILREmlaas, mEMELBIR, RS E . Hubel if
KT HAERE, BMEMAEANRER (Hubel, 1959), T4k& # F L k4] £ % 69 Hubel 224 % #F
KWk, XHEZITHRERE: RALMK, AHELEBSHZEAMNEE, H Talbot #= Kuffler
KL S B R SR G L KA BEWIE S, RE A RME L MAT AN, A RS
BT Ak 5 VT VAR L RS LR AR B ! A 2 AR AE AN 34z (Hubel, 1959).

A5 £ Mountcastle /& R 4R B i & 49 #F % 2 Hubel A= Wiesel #F %0 69 & i 2 —
Mountcastle X 3L T K Ehfe 4 (cortical columns): FAkAE A TR E A @, L P IR EGWE
wm AR 3t B AR A9 AR4R 3045 = A Bt R 2 (Mountcastle, 1957, 1997). At 3 B 3T A4 va A & i A
R IR L EAzA, RIKE D . KRR A X T, 1R I REAR R 694 & THAT B —
Bt R AT B, W AT AT R 2 (Mountcastle, 1957). H B A MR BRI LI, T
st E R % ik s (Lorente De No, 1949; Sperry, Minor and Myers, 1955), Mountcastle 4]
X R By T O AL AR R R A ) B9 R

A K LR 29 2600 -F 7 A, AR AREY F — & BIARAE N E 69 &, P ARAE AR
F2ERE 6 E, HFANDEMAL (minicolumn) —AXA 80-100 MAv 2T (SR EE 2.5 F i),
ZAMAL M R A2 H 300 2] 600 #4469 h Ak 42 (cortical column) (Peters and Sethares, 1996;
Mountcastle, 1997). T E. B EL—HFF AR, FERENODRIES B R OMESF
% (Mountcastle, 1997). AL L 5 K B iR P42 mia ATk ad s RA=iL 458 X (Rakic,
1972, 1995),

196



11.11 £ 4 WBARE
#& Hubel 4= Wiesel Z 7T, MV #F AR E . WAV M TR E, BRI E .
A G EFRF, EEHEEKRSEN Jung F 0 T RS RIK, 1R T EAN
ML, kBB 5 Z AT VI @miest kR, A EMALF e RGCs (Jung, 1953, 1958;
Jung and Baumgartner, 1955).

& 11-15 Hubel 7 Wiesel #7 on-center Y {5 2 28 fft

1959 %, Hubel bb& T iREGEA &8, R V] 89mAak AT iR 48 R R 2, st Bkt R
R ARA%, On R A= Off R R ARH « BASTAHOATREG V] e, Ed SHAF—AFH
A RA R, At F#E R LR (Hubel, 1959), X —4F %A 42 & & B # 69t T E M
Fatb X7k, £ Jung BFF R, 124K A AN FEHH, Jung F 89T LI AT kT E,
BT E A B, TR0 F 2 T LGN #4821k & V1 8944, m A2 VI ARG min, B
T F B 6 B A L A9 RGC.

Hubel #= Wiesel 5= #7770 M) 2 40 X B4 K I E M RGC 89 &L &2, On PR, Off P& R 2
(Hubel and Wiesel, 1998), 24 AT £4]: P ORELZRE, mAL“EK T a9 H“ (Hubel and
Wiesel, 1959). HeAi1ARIX A 4m i Fy < 5] S m fen”,,

AR X mAa R AT A XA R . XA L Nt —FRRAT VI HAEASTELE
HE G mia, stm B ARGHASA LK, AA4F S (orientation) &9 A & 71 A FlA4F <2 V1
g R, BTVAR“H @ B min,

Bl 11-16 {8 % 40 fir 4 A ) 1 81

Hubel A= Wiesel £ A, V1 #mmfe—Ax T &axf — MR GG R RO, B LA IR H mie.
5 A R 6 s et A %55 vy (direction) A #£# M (Hubel and Wiesel, 1959),

HAVE R, A ELA A, W BB —ANT AL 69 m e AT Bl — /AN 77 ) 69 & A RORL,
BE A ik B A4 (orientation selective columns), A £ 23t —MRAF R LW hre4e, IRAL
#4£ (ocular dominance columns) (Hubel and Wiesel, 1962, 1963a). Eit, K EWHFEAER Lin
A, & AR TARIRE R & E (Mountcastle, 1957), ABARGY 1@ 2 e A BT a9 30 AaiL, 2
#HE A,

XX F LA s E Hubel = Wiesel 215 V1 Z BT AH X AR A K898 L mia 2 B H
WAL T 45— 2 30 HE7) 69 LGN 77 & 69 4w fl by 4v #2 3% 41 (Hubel and Wiesel, 1962)

iR AN B R AR K B AT 42 A 38 AR A AL £ TR
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A 11-17 AR A B AT B VL P R &R A 4 B

Hubel #= Wiesel 3t F 5] £ tm ooy B R L ik £, RBIAATRENG, BREHER,
HE B IS BB — /> VI &3R5 a0 i 69 LGN #b 2 47 4 KA BRI 2 A B2 . 1990 54X &
BAF A FEIEF X 4 LGN #2415 V1 @/t R 49 % # (Reid and Alonso, 1995; Ferster, Chung and
Wheat, 1996; Hubel, 1996). # T % & LGN #4094 2 KA w42 5 V1 B3R % T R 469 w4z,
Ferster 5 Fl & m Mg K 44 7 ik, 2R V1 MiaeyR a4, H@iE B A AERY VI A2 TH%
g E, MK, VI HETGBEEAZDAREFROLEFR. BTAK VL E VI WL THEE
{2 £ %% B LGN #4%, E3EH V1 # Lt At B 4T il LGN 93 A = 4 X5t
% # 7 Hubel #= Wiesel 4942 % (Ferster, Chung and Wheat, 1996; Hubel, 1996). Reid ¥ AR
B £ LGN A= V1 247 2 mfa e ARG R, g AR X 047 H 2 LGN @@fe 5 V1 & E e
AL HEAEERARERE, RMNKIL, 5 V] @bk E R iEEGIRE LGN @i, &% 564
BV BEmpey BRI SR, VI BHIR&IT VI B2 @i R H 7k

{236 A A~ B F Hubel F= Wiesel #9248 : V1 Mot Eh8s, R V1 RE Sh 48 4E 2 18] 5T LI
AR EAE R, BT AR V] HEmB RS, mAlmiafd dmin, T8, AR
BEAT UK T AL, BiT45 3Tk E R A Zminty st st (Jiaetal,2010). &2 RALKE #m
JOM RIIT AL AR A L AR FRIA: BA—HRME L, B2 ARG L LA RGN, AL
b eai il 2e, R AEA SR 3E (Jiaetal, 2010), 12X 3@ it & A 48 % (Ko efal,
2011), A X3 VI @IL R P AR NG AR R 2 L, @A AN mIT L %4
MANES, 45578 E—HEiES,

FTVA, RTBAP 2T B2 V1 3 E o & B M e HLUIZH JE 200, IKFm g AP 240
2, THRILAMB LG EE &,

Hubel #= Wiesel & L MM 69 17 B (HE49 V1) A2 B LA X RS 694mfn: sHEsheg sk, st
BRI, STHFFRE T K N ARZ A B e min” (XA On = Off K3k, A1z E A %) (Hubel
and Wiesel, 1962). #5549 18 X (& V2), HAiT K I 90%Ay b2 B Zemff, 556y 19 X (%
89 V3), AR 42%H B 2min., 58%ARE & min (GHER BB EZAIEESNE, T
#& end-stop) (Hubel and Wiesel, 1965a). V2 f= V3 89— ANy ik 42 7T Bl 04 F B 2 tm oAl B 22
M, V2 A2 V3 09mii % 3 ARIR SN, A VI 8] V3 Mk ARE &, mAMa L, K s
V1 3t F V2 4= V3 A #% 4. Hubel 4= Wiesel #2 th £ 22 tm Ji 4% 14 2 2m 6L 69 355 A d AT 2 8 2 89
A5 A% (Hubel and Wiesel, 1965a). % BHARZ 5 K 9 AL 50 A Fo AR AR B9 1) 52 69 4% 44 i 0 & fig
*o

VAR5 % B 69 . Hubel #= Wiesel st 6 £ M T B £ 55 3 (Hubel and Wiesel, 1968).
B VL, MEAAFRE, it emp, HEmisd TA LRI 2mib, KBV L
A LB DA ARL R AL, MBIk, $ A% EWXE23 RA LB E
Zemia, XA REmMB, WRIRF, H UIFEENG 13, Vaf Vb BEA R Emie, L+ Vb £&
AfMEmia, JLFRE M, IV EmBERAZLRIES, VA VI EELE2RE iR
B femip, IRIEH, BAMNLEOFH IV EEL LR LGN N, B7TIVERENRLE, BAL
EEGH—F I,

11.12 4545
AMBETE, B RAF—H, LALERADE, RETRAGRE. TROELE
TATLE ARG KERARNE R, 22, EOLRVILE R, £ HAVK, RERFT —
RH R, BRERWE R, B, FEWF TR TR 05 B A )T A 4 400 R
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RERME, mAREANE, E0TFTREAR., AN, @i\, B8, R4%52a, %
LR FE— TR

HRAPZEZGIELERRANRE, BALXAES, RAMBERNRE, TEMRIAF,
BRI RGOS TR RN T R2ARA AN Jmdof 50, T 0P 2 A M IR K
BB, SRMNSE G LB R, Rk, 5. BHE DB, T2 LNEK
b B B BEAT A R AR I o

72 1: Kiihne iE% RPE £ 5ALE 4 Mg 2R 69 5R % adeFaagiRR E T LB T 30 54, L
REHE e, EERPHRAEBLETI; bREBWARNELE RPE 5 &, AEZBYETRRER: c
Jeqk & )5 09 MRS A e 5 %569 RPE £, AZB P X ETULER; diefie c b e M R4 RPE
ZBAE—ATBEGE, TAEER; et R c P RPEZTHEIK () , R2AMRE
TR R L RIEOBMANR L PO LR, Ele ZaEF Rk 8 R, Mk & el g4 m e
% 5 RPE 4N it /2 20 2R Kithne #98 % & K A T A KALE % & N % 3589 % /U@ & (Ripps,
2008),

iE 2: A ¥4 rhodopsin A& A AL EF G

E 3 R GR3) R T Hooke X# LG, 5AA—AAFLTRA X, FMH LT KR E
&9k & B A sk E AR £ (If 1 have seen further it is by standing on the should of giants) & 3L &
.5 Hooke #3004 :@8 0, A F4n 35 B 44 04F R 3T 2 i 4 2440 °T At 2 WUk 42 3 32 4 49 Hooke.
if, EEEAEFMAN, £+ #anh AR,

£ 4: George Wald 5 %k A Ruth Hubbard & 1960, 1970 SF R Att&F3), de R, 1288 5k
WM BT E A DNA, 4 1970 5K F b AT £ 3 R4 £ 40 DNA 8987 50, g — b hi
123 B) LA ST LA DNA £ 3693 K &,

ES: EANRN AL AR . DNA B & A8 LRGBS EFHR (A, C. G, T) B A4
o AF B : AR T, G35 E C, AR ARN, X—Z4NRN (complementarity),
FT2GAMFEL, RAFEMNAREZANRN XA THGHEK: 2F4 3 (molecular
hybridization) . B B4z & #Rie— 44249 DNA, 1EA3R4T, @3 384T 5 ZA4M2 a4 & m k2 5 o
— Kbk, 4o R Rk DNA M9 LR, E— = 54 TREEBRT, IRA, —548 R By E IR
AT AR E) LB A8 2 69 DNA. & K5 &4k 100%58 2 3 BL st 69 ZANT A B sy PR A8 3k 2],
mARARNERRAMHREAANE, TEELZA —H. ke AS5F0R—ABRA -2 £ 5., KT8
PZBEANY S DNA &, E— R 5HT, WRIER. §F BRI 2K, PTIFIK
% K 2% (low stringency hybridization) . 41K Z2 3 69 2 K ¥ VA8 id IR 4 AT I 698 . RI38
Ao iR P B R B, FE R 469 K R 47 B 49 DNA R4, B KE R BT UAEALR LE
KEAGEH,

i 6: Jeremy Nathans 9 % 3 A & & £ A7 X % 49 Daniel Nathans (1928-1999), E#H 5# R4
Kathleen Danna T 1971 % X 3L DNA 7 IR #11£ A 85, 1973 F £ 184440 k5 (UCSF) 4
L % #9 Herbert Boyer #= Stanford # 4 4% % %9 Stanley Cohen £ & A Bty A ak b, BB L5
HRBHAEL DNA ik, FAITABIANRK, X TAEBBRZ L —AEL2 34, &
KT AL E A%, 1978 4 Daniel Nathans 5 #% 4= 49 Werner Arber #= % H %9 Hamilton
Smith £ F#E N RAEERKEFE,

E T AMGEE A REIRE] B T A4k 5. John Dalton (1766-1844) #F
REFTHFEFhIZ, FH AL R TG TR EF R 1798 F, @R
MAF A RRERTGHRFRE: AR, BRAEFRRATHT
FHETHRA, ATRFEI—FA, & RNEBHLE MBI A
T ARG, 1844 5 7 A 27 H ,Dalton £t /5,28 H [E 4 Joseph Ransom £=5
fi##] Dalton 49 BRI 4R & F ko 1995 7, B K55 F ik 1% 7 69 Hunt
M RAMGIRRI Y A, F4& DNA, oA TG ETAR (b L
FAOAR), AR ABH L AZTAORLE DNA RE, LHMAHFTHERME
B o

7% 8: Mountcastle 7o {2 B F AL R KM T 1955 F A LR AR F LS
1% (Davis, Berman and Mountcastle, 1955; Mountcastle, Berman and

Davis, 1955), 125 %] 1957 F X £ LEM TR, R{obVEH RBAEL

ﬁé/& Dalton

11766-1844 |

Mountcastle # % #% 4245 4y, Bt SLF X Mountcastle —{24£ % (Snyder,
2015), %] 11-18 Dalton
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2 9: Hubel #= Wiesel ## TAF £ & &7 K5, 1959 F4eAM Kuffler 2|5 EF I HE R,
1966 SF75#h# = b Kuffler #6987 EH — A2 440 F 2, 22 Kuffler AE & 41 2]
BHOAAN E, AAEE, ANF SZEHARNEEMFT A,

72 10: Hubel #= Wiesel A — & Z|AL% & F 0957 % (Wiesel and Hubel, 1963a,1963b

,1965a, 1965b; Hubel and Wiesel,1963b, 1965, 1970), — A~ £ 2 XA K F 6945480, £ x4
BEAMTED ST OH RN R, mRXENIATREZERNRY L RS,

5 AR

Arshavsky VY, Lamb TD, Pugh Jr EN (2002) G proteins and phototransduction. Annual Review of
Physiology 64: 153-187.

Barlow HB (1953) Summation and inhibition in the frog’s retina. Journal of Physiology 119:69-88.

Barlow HB, FitzHugh R and Kuffler SW (1957) Change of organization in the receptive fields of the
cat’s retina during dark adaptation. Journal of Physiology 137:338-354.

Baylor DA, Lamb TD and Yau KW (1979) Responses of retinal rods to single photons. Journal of
Physiology 288:613-634.

Belrhali H, Nollert P, Royant A, Menzel C, Rosenbusch JP, Landau EM and Pebay-Peyroula E (1999).
Protein, lipid and water organization in bacteriorhodopsin crystals: a molecular view of the purple
membrane at 1.9 A resolution. Structure 7:909-917.

Berson DM, Dunn FA and Takao M (2002). Phototransduction by retinal ganglion cells that set the
circadian clock. Science 295:1070-1073.

Boll F (1877) Zur Anatomie und Physiologie der Retina. Archiv fiir Anatomie, Physiologie Abt:4-35.

Dalton J (1798). Extraordinary facts relating to the vision of colours with observations. Memoirs of the
Literary and Philosophical Society of Manchester 5:28-45.

Davis PW, Berman AL and Mountcastle VB (1955) Functional analysis of the first somatic area of the
cat’s cerebral cortex in terms of activity of single neurons. American Journal of Physiology
183:607.

Dowling JE (2002) George Wald 18 November 1906-12 April 1997. Proceedings of the American
Philosophical Society 146:431-439.

Fesenko EE, Kolesnikov SS and Lyubarsky AL (1985) Induction by cyclic GMP of cationic
conductance in plasma membrane of retinal rod outer segment. Nature 313:310 —313.

Ferster D, Chung S and Wheat H (1996) Orientation selectivity of thalamic input to simple cells of cat
visual cortex. Nature 380:249-252.

Fridericia LS and Holm E (1925). Experimental contribution to the study of the relation between night
blindness and malnutrition. American Journal of Physiology 73:63-78.

Granit R (1941) Isolation of colour-sensitive elements in a mammalian retina. Acta Physiologica
Scandinavia 3:318-328.

Granit R (1943) The spectral properties of the visual receptors of the cat. Acta Physiologica
Scandinavia 5:21-22.

Granit R (1945) The colour receptors of the mammalian retina. Journal of Neurophysiology 8:197-210.

Hargrave PA, McDowell JH, Sremiatkowski-Juszczak EC, Fong S-L, Kuhn H, Wang JK, Curtis DR,

Hargrave PA (1977). The amino-terminal tryptic peptide of bovine rhodopsin, a glycopeptide
containing two sites of oligosaccharide attachment. Biochimica et Biophysica Acta 492:83-94.

Hargrave PA, McDowell JH, Sremiatkowski-Juszczak EC, Fong S-L, Kuhn H, Wang JK, Curtis DR,
Mohana Rao JK, Argos P, and Feldmann RJ (1982). The carboxy terminal one-third of bovine
rhodopsin: its structure and function. Vision Research 22:1429-1438.

Hargrave PA, McDowell JH, Curtis DR, Wang JK, Juszczak E, Fong SL, Rao JK, Argos P (1983) The
structure of bovine rhodopsin. Biophysics of Structure and Mechanism 9:235-244.

Hartline HK and Graham CH (1932) Nerve impulses from single receptors in the eye. Journal of
Cellular and Comparative Physiology 1:227-295.

Hartline HK (1938) The response of single optic nerve fibbers of the vertebrate eye to illumination of
the retina. American Journal of Physiology 121:400-415.

Hartline HK (1940a) The receptive fields of optic nerve fibers. American Journal of Physiology
130:690-699.

Hartline HK (1940b). The effects of spatial summation in the retina on the excitation of the fibers of

200



the optic nerve. American Journal of Physiology 130:700-711.

Hartline HK (1942) The neural mechanisms of vision. Harvey Lectures 37:39-68.

Hattar S, Liao HW, Takao M, Berson DM and Yau KW (2002). Melanopsin containing retinal ganglion
cells: architecture, projections, and intrinsic photosensitivity. Science 295:1065-1070.

Hecht S (1919). Sensory equilibrium and dark adaptation in Mya arenaria. Journal of General
Physiology 1:545-558.

Hecht S, Shlaer S, Pirenne M (1942) Energy, quanta and vision. Journal of General Physiology
25:819-840.

von Helmholtz H (1910) Treatise on Physiological Optics, translated by Southall JPC (1924), Vol. 2 the
sensations of vision. The Optical Society of America.

Horiguchi H, Winawer J, Dougherty RF and Wandell BA (2012). Human trichromacy revisited.
Proceedings of the National Academy of Sciences USA 110:260-269.

Hubel DH (1957) Tungsten microelectrode for recording from single units. Science 125:549-550.

Hubel DH (1959) Single unit activity in striate cortex of unrestrained cats. Journal of Physiology
147:226-238.

Hubel DH (1996) A big step along the visual pathway. Nature 380:197—198.

Hubel DH and Wiesel TN (1959) Receptive fields of single neurones in the cat's striate cortex. Journal
of Physiology 148:574-91.

Hubel DH and Wiesel TN (1962) Receptive fields, binocular interaction and functional architecture in
the cat's visual cortex. Journal of Physiology 160:106-154.

Hubel DH and Wiesel TN. (1963a) Shape and arrangement of columns in cat's striate cortex. Journal of
Physiology 165:559-68.

Hubel DH and Wiesel TN (1963b) Receptive fields of cells in striate cortex of very young, visually
inexperienced kittens. Journal of Neurophysiology 26:994-1002.

Hubel DH and Wiesel TN (1965) Receptive fields and functional architecture in two nonstriate visual
areas (18 and 19) of the cat. Journal of Neurophysiology 28:229-289.

Hubel DH and Wiesel TN (1968) Receptive fields and functional archicture of monkey striate cortex.
Journal of Physiology 195:215-243.

Hubel DH and Wiesel TN (1970) The period of susceptibility to the physiological effects of unilateral
eye closure in kittens. Journal of Physiology 206:419-36.

Hubel DH and Wiesel TN (1998). Early exploration of the visual cortex. Neuron 20:401-12.

Hubel DH and Wiesel TN (2005). Brain and Visual Perception: the story of a 25-year collaboration.
Oxford University Press.

Hunt DM, Dulai KS, Bowmaker JK and Mollon JD (1995). The chemistry of John Dalton’s color
blindness. Science 267:984 — 988.

Jia H, Rochefort NL, Chen X and Konnerth A (2010) Dendritic organization of sensory input to cortical
neurons in vivo. Nature 464:1307-1312.

Jung R (1953) Neuronal discharge. Electroencephalography and Clinical Neurophysiology Supplement
4:57-71.

Jung R (1958) Excitation, inhibition and coordination of cortical neurones. Experimental Cell Research
Suppl 5:262-271.

Jung R and Baumgartner G (1955) Hemmungsmechanismen und bremsende Stabilisierung an
einzelnen Neuronen des optischen Cortex. Pfliiger Archiv fiir die gesamte Physiologie des
Menschen und der Tiere 261:434-456.

201



Kimura Y, Vassylyev DG, Miyazawa A, Kidera A, Matsushima M, Mitsuoka K, Murate K, Hirai T and
Fujiyoshi Y (1997). Surface of bacteriorhodopsin revealed by high-resolution electron
crystallography. Nature 389:206-211.

Ko H, Hofer SB, Pichler B, Buchanan KA, Sjostrom PJ and Mrsic-Flogel TD (2011). Functional
specificity of local synaptic connections in neocortical networks. Nature 473:87-91.

Kuffler SW (1953) Discharge patterns and functional organization of mammalian retina. Journal of
Neurophysiology 16:37-68.

Kithne W (1879) Chemische Vorgéinge in der Netzhaut. Hermann L. eds. Handbuch d. Physiologie d.
Sinnesorgane Erster Theil, Gesichtssinn. F.C.W. Vogel Leipzig, Germany.

Kithne W (1882) Beitrige zur Optochemie. Untersuchungen aus dem physiologischen Institute der
Universitit Heidelberg 4:169-249.

Lorente De N6 R (1949) Cerebral cortex: architecture, intracortical connections, motor projections.
Chap. 15 in: FULTON, J. F., Physiology of the nervous system, 3rd ed. New York and London,
Oxford University Press.

Marks WB, Dobelle WH and MacNichol EF (1964) Visual pigments of single primate cones. Science
143:1181-1183.

Maxwell JC (1872) On colour vision. Proceedings of the Royal Institution of Great Britain 6:260-271.

McCollum EV and Davis M (1913) The necessity of certain lipins in the diet during growth. Journal of
Biological Chemistry 15:167-175.

McCollum EV and Davis M (1915) The nature of the dietary deficiencies of rice. Journal of Biological
Chemistry 23:181-230.

Mountcastle VB (1957) Modality and topographic properties of single neurons of cat‘s somatic sensory
cortex. Journal of Neurophysiology 20:408-434.

Mountcastle VB (1997) The columnar organization of the neocortex. Brain 120:701-722.

Mountcastle VB, Berman AL and Davis PW (1955) Topographic organization and modality
representation in the first somatic area of the cat’s cerebral cortex by method of single unit analysis.
American Journal of Physiology 183:646.

Miiller R (1851). Zur Histologie der Netzhaut. Zeitschrift fiir wissenschaftliche Zoologie 3:234-237.

Nathans J and Hogness DS (1983) Isolation, sequence analysis, and intron-exon arrangement of the
gene encoding bovine rhodopsin Cell 34:807-814.

Nathans J and Hogness DS (1984) Isolation and nucleotide sequence of the gene encoding human
rhodopsin. Proceedings of the National Academy of Sciences USA 81:4851-4855.

Nathans J, Thomas D, Hogness DS (1986). Molecular genetics of human color vision: the genes
encoding blue, green, and red pigments. Science 232:193-202.

Nathans J, Piantanida TP, Eddy RL, Shows TB and Hogness DS (1986) Molecular genetics of inherited
variation in human color vision. Science 232:203-210.

Newton I (1704) Opticks. Smith and Walford, London.

Osborne TB and Mendel LB (1913) The relation of growth to the chemical constituents of the diet.
Journal of Biological Chemistry 15:311-326.

Ovchinnikov YA, Abdulaev NG, Feigina M, Artamonov ID, Zolotarev A, Kostina M, Bogachuk A,
Miroshnikov Al, Martynov V, Kudelin A (1982). The complete amino acid sequence of visual
rhodopsin. Bioorganicheskaia Khimiia 8:1011-1014.

Ovchinnikov, YA, Abdulaev, N.G., Feigina, M., Artamonov ID, Bogachuk AS (1983). Visual

rhodopsin. III. Complete amino acid sequence and topography in a membrane. Bioorganicheskaia

202



Khimiia 9:1331-1340.

Palczewski K, Kumasaka T, Hori T, Behnke CA, Motoshima H, Fox BA, Le Trong I, Teller DC,
Okada T, Stenkamp RE, Yamamoto M, Miyano M (2000) Crystal structure of rhodopsin: a G
protein-coupled receptor. Science 289:739-745.

Palmer G (1777) Theory of Colour and Vision, London: Leacroft.

Peters A and Sethares C (1996) Myelinated axons and the pyramidal cell modules in monkey primary
visual cortex. Journal of Comparative Neurology 365:232-255.

Provencio I, Jiang G, De Grip WIJ, Hayes WP, Rollag MD (1998) Melanopsin: an opsin in
melanophores, brain, and eye. Proceedings of the National Academy of Sciences USA 95:340-345.

Provencio I, Rodriguez IR, Jiang G, Hayes WP, Moreira EF and Rollag MD (2000) A novel human
opsin in the inner retina. Journal of Neuroscience 20:600-605.

Rakic P (1972) Mode of cell migration to the superficial layers of fetal monkey neocortex. Journal of
Comparative Neurology 145:61-83.

Rakic (1995) A small step for the cell, a giant leap for mankind: a hypothesos of neocortical expansion
during evolution. Trends in Neuroscience 18:383-388.

Reid RC and Alonso J-M (1995) Specificity of monosynaptic connections from thalamus to visual
cortex. Nature 378:281-284.

Ripps H (2008) The color purple: milestones in photochemistry. Federation of American Societies of
Experimental Biology Journal 22:4038-4043.

Senthilan PR, Piepenbrock D, Ovezmyradov G, Nadrowski B, Bechstedt S, Pauls S, Winkler M,
Mobius W, Howard J, Gopfert MC (2012) Drosophila auditory organ genes and genetic hearing
defects. Cell 150:1042-1054.

Smith SO (2010). Structure and activation of the visual pigment rhodopsin annual review of biophysics.
Annual Review of Biophysics 39:309-328.

Snyder SH (2015) Vernon B. Mountcastle 1918-2015. Nature Neuroscience 18:318.

Sperry RW, Minor N, Myers RE (1955) Visual pattern perception following subpial slicing and
tantalum wire implantations in the visual cortex. Journal of Comparative Physiology and
Psychology 48:50-58.

Talbot SA and Kuffler SW (1952). A multibeam ophthalmoscope for the study of retinal physiology.
Journal of the Optical Society of America 42:931-936.

van der Velden HA (1946) The number of quanta necessary for the perception of light in the human eye.
Opthalmologica 111:321-331.

Wald G (1933) Vitamin A in the retina. Nature 132:316.

Wald G (1935) Vitamine A in eye tissue. Journal of General Physiology 18 :905-915.

Wald G (1935) Carotenoids and the visual cycle. Journal of General Physiology 19:351-371.

Wald G (1968) The molecular basis of visual excitation. Nature 219:800-807.

Walton GE, Bower NJA and Bower TGR (1992) Recognition of familiar faces by newborns. Infant
Behavioral Development 15:265-269.

Wiesel TN and Hubel DH (1963a) Effects of visual deprivation on morphology and physiology of cells
in the cats lateral geniculate body. Journal of Neurophysiology 26:978-93.

Wiesel TN and Hubel DH (1963b) Single-cell responses in striate cortex of kittens deprived of vision
in one eye. Journal of Neurophysiology 26:1003-1017.

Wiesel TN, Hubel DH (1965a) Comparison of the effects of unilateral and bilateral eye closure on
cortical unit responses in kittens. Journal of Neurophysiology 28:1029-40.

203



Wiesel TN, Hubel DH (1965b) Extent of recovery from the effects of visual deprivation in kittens.
Journal of Neurophysiology 28:1060-72.

Wolf G (2001) The discovery of the visual function of Vitamin A. Journal of Nutrition 131:1647-1650.

Young T (1802) On the Theory of Light and Colours. Philosophical Transactions of the Royal Society
of London 92:12-48.

Yudkin AM (1931) The presence of vitamin A in the retina. Archive of Ophthalmology 6:510-517.

204



b 3%
Nathans J, Piantanida TP, Eddy RL, Shows TB and Hogness DS (1986) Molecular genetics of inherited
variation in human color vision. Science 232:203-210.
Hubel DH and Wiesel TN (1962) Receptive fields, binocular interaction and functional architecture in
the cat’s visual cortex. Journal of Physiology 160:106-154.

205



