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GmbH, Germany)& Ah-&3l9ith. MEAE 55 cme] &3
(glass plate)e] /1 5ol 8 x8d e} wMid B FA o} Qe
AFolr, AxEe TINZ, BAZL SLNE 2AFo] 3l
o 2 wdaaE FAsE AT A4 30umoelx, A

Z7F Al 200 gmolw, 1 kHzol|Al 50 kQ 59 J&
IR sg 2

2. 4 x}= diH 9 B (Alignment) E0I

¥ 2= 4 E9g|o](Lightstimulus)y Ad Aol A 2214
o & Azrslo] A-&sklom, AH(spot) A=, ol(bar) A=,
229 wlE3k(random checker board) A=-& & <+ Urh
A3 e Aol WFE TUHE Fehel S0l

AZZAEE Ax A% #u]H(inverted microscope; Ni-
kon Diaphot, Japan)2 E-bsimd 4] AFe] 49} ulak A o]
o}_%oqxlu} 2= A" E7)3k8b7] $)ste] RS232C
Interface®] #=€g 7| ZAFE Y dHo[ElE 5 AZEdo]
(MC_Rack)oll o} &1 A5 & yof Eick(Fig. 1). ZUE

«p{ Beam projector

on multi-electrode array (8x8)

&3 2 200 : MatlabE 01Z8 YAMNAERNE 2

Microscope

Whole mount of rabbit retina ~ Fig. 1. Schematic diagram of light

stimulation and data acquisition.
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Photometry (IL1400A; International Light Inc., .USA)E 2
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Fig. 2. Confirmation of proper ali-
gnment of random checkerboard
light stimulus to MEA array. (a)

¢ Random checkerboard stimulus
1(1,1) 22, 1) 33,1 4(4,1) 5(5,1) 6(6,1) 7, 1) 88, 1) out of computer monitor. White
flash only on MEA channel of (1,
9(1,2) 10 (2, 2) 11 (3, 2) 12 (4, 2) 13 (5, 2) 14 (6, 2) 15 (7, 2) 16 (8, 2) 2), (2, 1), and (2, 4). (b} Proper
: alignment of random checker-
17 (1, 3) 18 (2, 3) 19 (3, 3) 20 (4, 3) 21 (5, 3) 22 (8, 3) 23(7,3) 24 (8, 3) board light stimulus to the MEA
25(1,4) | 26(2,4) | 27(3,4) | 28(4,4) | 29(5,4) | 30(6,4) | 31(7,4) | 32(8,4) | channel of (1, 2), (2, 1), and (2, 4)
was identified through micro-
33(1,5) | 34(2,5) | 35(3,5) | 36(4,5) | 37(5,5) | 38(6,5) | 39(7.5) | 40(8,5) | scope. () Numbering method of
each channel of MEA array. The
41 (1, 6) 42 (2, 6) 43 (3,6) 44 (4, 6) 45 (5, 6) 46 (6, 6) 47 (7, 6) 48 (8, 6) first number is for stimulus (Num
1~64). Two numbers in paren-
49(1,7) 50(2,7) 51(3,7) 52(4,7) 53(5,7) 54 (6, 7) 55(7,7) 56 (8,7) thesis represent recording channel;
57(1,8) | 58(2,8) | 59(3,8) | 60(4,8) | 61(5,8) | 62(6,8) | 63(7,8) | 64(8,8) | channel (3, 2) represents the chan-
nel of 3rd column and 2nd row.
1) PSTH (Poststimulus time histogram)
AT 7k ¥ AFoz sl S5 APAL T (MC_Rack)

MAEES A7t Zoll EAlsto] Uebich
2 3

1. Xi=FA|1Zka} 715 A1ZH2] S7]13HSynchronization of sti-
mulation and recording time)

Fig. 3ol AAIgE w4 %ol §i7slo] AE3ct AR
el 3A] AQl NexF A-&slo] PSTHE el #HA7}
AE B AFRoe] 7| R =893 o)} glont
491 A, sWlA] chAlE B =FolA AR AEREE Zolr)

$2H9] w5 ATl TP F98 HE AFNum 1~
Num 64)¢] 83§ 8% MEA®] 7} A do)] F-29jH o7 Ql7}x]
v 2 2ol QbR W A5 gh o= el Y
aljof st Holch(pseudo-random ¥4]). B Aol 12
(1 Hp o2 30070] A=l QI7td F 300709 A-&4
AFo] Eo7te g TR IWE FAsle] MEAY] o] xd
ol AL} 300709 O (black) 7=} 30070S] 1 (white) ZHS ZHE
Z pseudo-random A& wEslA sl ch(Fig. 4b).

Muiltichannel recording of retinal ganglion cell activity

v

(Offline sorter)

Waveform sorting of RGC activity

!

(Neuroexplorer): post stimulus time histogram (PSTH)

1. Identification of ON/OFF/ON-OFF cell

2. Timestamp of each AP, firing number (n)
in significant time interval

!

(MC_Rack): A3 outputl (Light stimulus): Num1~Num64

Synchronization of stimulus and recording time

!

(Matlab)

1. nx 64 matrix
2. Receptive field reconstruction

Fig. 3. Flow chart of experiment to reconstruct the receptive
field of retinal ganglion cell.
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OIZ3sl 2 20 : Matlabe 0|38 YAAMABNE 240F 24

a b
OE BRE 2NV 20 ANQ =82d)
A Ded R A "B~ &
ectangle | Ci i
Block gle | Circle | Load File | Viode: Recnal
Repeat Time! 300
~Rectangle ) Color
Red: 255
Number of Rectangle Ia Green: 255
¢ Random Rectangle ' Blue: 255
™ Cheker Board : Delay Time: 1000ms
Visible Time! 1000ms
Invisible Time: Oms
Repeat E‘ﬁ'g—'
Height (0~ 100) I——' Size of Height 2Pixel
2 Size of Width: 2Pixel
Width {0~130) A
Red (0~255) EE Number of Rectangle: 51
Green (0~255) |255 Time(ms) Num! Num2 Num3 Nmu4 NumS NumE Num? Nu
1000 0 t 0 0 0O 1 0 1 1 0 O . .
Blue (0~255) 1255 0 0 0 0 0 O O O 0 0 O 0 Flg. 4. Random checkerboard sti-
Delay Time (Unit: 10ms) [0 S0 0 01Tt 010t 0 mylys. (a) Menu window for the
. N - 00 0 0 0 0 1 1 0 0 0 O 1 1
Visible Time (Unit: 10ms) [T60 5060 0 0 0 0 0 6 0 G 0 0 0 O custom-made software of our lab
Invisible Time (Unit: 10ms) [T60 ey Loy bbb Ll for random checkerboard Stimu-
gos o 1 + 1 1 1 1 o 0 & 1 1| Jus. (b) The composition of the
B 1 0 + 1 1 0 t t 1t 1 1 1 timulus based th d
=0l N me | ssw (oo 0on o || stimulus based on the pseudoran-
11688 1 0 1 0 0 0 1 1 1 t 0 dom principle.
a Z T8 T ¢ T b 1T & T F 16 W T T i T KIL
Tine{me)  Num)  Num@ Nom3 Nmud  Num§  Num€  Num7  Num8  Num9  NumiG Numll
[z 1000, N 1, 1 1 1 1 1 1, 1 of
1 3.1 2000, s 0, | UUTERN S Y S N 1, 1
L4 ] 3000 IR 1, 1, 0. 1, g, T, ) 1, [
(5 i _4000, b 1 _ T, o_ 1. S L [ DU PR |
6 5000, 1 0. 1 0. 1] 1. a o, o, of
2 8000, 0, o, o [ 0 0. [ ) o, 9|
e 7000 1 o 1 o 1 0 1 1 1 i
21 8000, o i 1, [3 1 0 [3 [ o 0
(10 9000 9. 0. 0 9 0. T o, 0. 9
KX 10000, 9. IR 0. 0 0 v Q. [ ] 0|
2] 11000, o, 1 IN 1 1, 1 10 I8 o, of
(18 12000 [ 1 0, 0 0. o, Q. 1. 1, 9]
[14] 13000 0 1 1 t 1, o) 1 o 0, of
151 14000 1 v 1 [ ) 0 ¢ o0 i
e | 15000 1. N 1, 1, R 1 1 1) 1 1
7] 16000, 1 v o o 1 o _o 1 FI]
figl 17000 1, 1. 1, 1, Q. 1, 1 1 1, 1
Lig | 18000 [ 1, 0, -3 1. 1 1 1 1 0
r20] 19000, o, + 1 o, o, 1 1 ° 1 o
211 20000 1. 1 1 1 1 0, 1 1. ° 1
22 21600, [ 0 ¥ 0, I ) o, 1, 1 1
[287 22000 6. o o ot [ o o 1 _ 9
Io&] 23000 1. 1 i 1, 1 1, T o 1 1
125} 24000 -3 1, 0. 0, 1 1 Q. 1 1 9|
[26] 25000 1 1 0 1 [ oo o o 9
[27] 26000, o o 0 o 1. 0 o 1 o of
b T Treessew g T c Al 8 1 ¢ 1 5 1§ 1 F 1. )
A3 sdch 125 adch 12 adch 12c | edch 21a  adch 21b  adoh 21 ime Numi  Num2  Num3  Nmod  Numb  Numb Numea
[T 1.0%400° " 0623840 ~ 0013840 3230320 0154600 06841207 0334 2. 407368 ! 1 ! ! ¢ ! H
2050950 0536080  DO030040 3234440 0218200 1241040  0.3520( - 15,1508 ! ! ! : ! ! ,
3050880 1341680 OOV 3245680 L1640 1661040 0.0978 PR e N . : H H ; :
1073880 222800 01010 325320 L7610, 2121720 04500 = . ; 1 ; . 1 : :
5] 608120 2231760 0129880 3263640 3185880 2213160  1.2999] -3 85, 1 P M ' i \ s
6] 6051880 2311160 3272480 7283240 3729480 222190 13445 ALY 0 1 ) ' 1 ' 1
[7™] 7o0ms00 2307000 3283680  7.285600 4152360 2257240  1.9445] 5] ot 0 v ) i ) I i
B | 8038040 2407200 3295400  7.289120 4732800 3059240  1.9696 (10 94.68596 1 1 1 1 0 0 '
g 9.095760 2431280 3316040 7.289840 5218180 3.208080 1,899 1119871356 1 o 1 1 1 1 1
[0 10038400 247380 3329640 7308120 G430 3478120 20630] [12] 135.9878 1 1 1 1 0 1 0
11| 11037600 2491720 3343520 7.31504C 7392640 3514280 21064 13| 150065 ! 1 1 1 1 ! !
277 121025200 2507208 3356800 7321800 7883640 3738240 2126 |4 167.1242 ! 1 ! ! ! ! N
3] 13106040 253800 3371520 10325640 9436840 3790 2179 Mo Toeans ! : ° ! ! : i
TaT] 14107450 255720 3305760 11.272800 9461960 37651600 2201 e
[157] 15115080 257790 3403320 11275840 9956080 3767800 2282 ;
[16] 16123260 2598520 3419000 11280840 10001920 4110840 2346 L
[977] 17037400 2856160 3438520 11293360 10396120 4280380 3015 [64] so1.59 o 1 1 ' 0 0
T3] 18147160 5035400 3460800 11299840 10418120 4424480 3318 S5 Bl tee ! H , : ! !
19| 19157640 SO97600 3482280 19.30600 11344000, 4904520 3364 By 0 o s ) : |
07| 20162840 5135320 3547160 13242880 10.370640 506520 41951 Fea] 228 vovs o 3 . ) ) 5
[27] 20171880 5151320  7.329040 13305560 11764320 5331200  4.430: [es] 533.7573 0 0 1 0 0 0
T 20RO 5200400 730 15270720 12259880 BI20280 44750 70 536.7755 i 1 1 1 1 1
23 23177360 5212040 7.358480 15274350 12851120 6810240 4.484, [ 71.] s67.0002 0 [ 0 0 0 1]
50| 20185080 5223160 738830 15284160 13327560 6832840 451 [727] s80.1628 0 0 1 1 0 1
25| 25187400 5251720, 2376560, 15293000 13377080 6875720 457 [73] ss1.168 0 o 0 i 3 1
2681 ocvaconn E267980°  7400000° 16999360 12011440 6B 4804 74 1 602 2782 0 Q Q 1 Q. Q

Fig. 5. How to synchronize stimulation and recording time and how to make the matrix for drawing the receptive field of a retinal
ganglion cell. (a) The table the time of recording computer when the light stimulus (Num 1~64) is out through RS232C analog
signal output. (b) The table shows the time when the light stimulus is out through RS232C analog signal output (A3) and the time
of recording computer when the action potential trains of retinal ganglion cell are recorded at channel 12, 21. (c) After drawing of
Poststimulus time histogram (PSTH), the synchronized action potential trains between 60 to 120 ms were counted (n=74 for this
specific ON-cell )and the timestamps (4.07368, 15.11508, ---, 602.2782) were provided from Nex . The matrix of 74 (action potential
train number) X64 (Stimulus Num 1~64) were composed to reconstruct the receptive field of retinal ganglion cell when the
stimulus was applied (time 0 sec). Because we know the sequence of the stimulus, we can also reconstruct the receptive field before
the stimulus was applied (—=1s, =25, =35, —4 s).
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600718) A}=2o| ol7tE]&= A7Fe 1% 7H
A7+ ZHE v} MC_Rack £ZEgo] &
71& b Mcd file)ol] 4] RS232CE &80}

oA Aol Folzk A7+ bl ¥ 7+ LM 03 1
9] pseudorandom Z&}+e] Al A o] 7+ 2=(Column B, C,--)
I} F3l5H(ZF Column A X Column B in Fig. Sa) A A A=
o] 207t 71SHFH Y A7k & o ek o8 A dopd
AFAE AL £o2 ZE B A2 30070 09 gk

Counts/bin
»
L

O_I-'—T_1ﬁ_l_—T_T_I_—I_|‘-'I

0 0.2 0.4

< 7 Zlolx ofF 30070 AAIZE ke 7HA Zolth
09] Zh& Z+ A 300/ el A= AdAzE &
3 300709 A=Srke FEhdich

2. ON-cell , OFF-cell &2 & {f9 8t 72} S E£1}9|
EfQIAEHIT 57|
T2 ulEg A58 Qrpska FAlel MEA A58 A
S3lo] W AHAA LY SHIAE 7|53 F 2=zl

=1
A W AARN L) $85E BHelsieh NeuroExplorer™

0.6 0.8 1

Time (sec)

(=2

0N WN -

12 3 45 6 7 8
-4 sec

W ~NOOU A WN

12 3 4 5 6 7 8
-1sec

O NN P WDN =

O N OO WN

Fig. 6. Reconstruction of the receptive field of ON-cell recorded on the channel 36. (a) Poststimulus time histogram (PSTH) of the
cell recorded on the channel 36. We regarded this cell as ON-cell because it showed the significant increase of firing rate after the
delay of 60 ms. (b) Reconstruction of the temporal receptive fields of same ON-cell in (a). It shows when random checkerboard
stimulus was applied (0 s) and —4 sec, —3 sec, —2 sec, —1 sec before the random checkerboard stimulus.
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ol gsto] HFR FRopEZ lND T vERAT
S reference event® d}o] PSTH (poststimulus time histo-
gam)E 1 Hirh & olE Fol MEA Ad 25 WA
o, SHA Poll sl A Ad)edlA 22 SEI] A
£ o] A9l X AL Num 340] =& reference events
Num 342 AAsle] PSTHE glch E Aol E PSTH
Aol ONAZ ¥ 60~100 mse] AA| ¥ whgo] o
7& ON, OFFAS ¥ 100~200 ms®] A|A] ¥ Hb-g-of 1}

oT =

=S
=l
o2

HZsl 2 29 : Matlab2 0|88 YUMABNE 2=0F 24

7395 OFF-cellZ ZFEsigich. 2 o] f+ #Al, AIE
AAS zHsI S, Brown S9 =E VoA %
gte] vh27] A 70 msofl 7F&F Ao o3 FEt
917] wEo]ct. o]& A PSTH7} 1ed A ON-cell€]
60~120 ms 77} 9k, OFF-cell®] 7%= 100~200
& 7t TEsY ehdswlE 8 S8 UA 5

t}(Fig. 5¢).

*)

fr oL 2 Lo

a2

oY my et (T to
"o 2 ot of r

12 i
olft

3

—_
=
=

5
i 4

a
8
6
£
8
)
3 4
O
2
. AR
0 0.2 0.4 0.6 08 1
Time (sec)
b
1 1 e {05 1
2 2 +0.45 2
: . 0.4
31 3 0.35 3
4 4 0.3 47
5 0.25 =
o 5. 02 g
g 6 0.15 6
7;1 7 0.1 7 g
8 ¥ 8 8'05 8 ~
1234548678

-4 sec

XN R WN -

123 45867 8
-1 sec

1234567 8
-3 sec

W NN~ W=

12 3 45 6 7 8
-2 sec

12 3 4 5 6 7 8
Q0 sec

Fig. 7. Reconstruction of the receptive field of OFF-cell recorded on the channel 53. (a) Poststimulus time histogram (PSTH) of the
cell recorded on the channel 53. We regarded this cell as OFF-cell because it showed the significant increase of firing rate after the
delay of 100 ms. (b) Reconstruction of the temporal receptive fields of same OFF-cell in (a). It shows when random checkerboard
stimulus was applied (0 s) and —4 sec, —3 sec, —2 sec, —1 sec before the random checkerboard stimulus.
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3. ON-cell, OFF-cell®| Zs+0fQ| X ¥ 37| T4

AR kA2 ARl ZBokE AT vt
Matlabg- AH-&3sl¢lch. PSTH 49} 913k 77+ o] 2
oA @k BFIaRIE qlom 74 el ElE ol
28] A= FAAL ekt 5= Qo) o)u] A=A 7T} 7] 4
7Y FI8HE ot 7 71%*1 HE A= Numl-~64
7} 1 kol 0 = 1 F oW 2k A3 YEA] Aetel
A3 9gJom® nx64 (Num 1~64)9) 38 o]do] FA o]
7h5slch(Fig. Sc, o] AEQ] n=74). o|E A J& PP
Bl AT E o]&slo] Ad 36014 7=, EFE ON-cell
o] Zrepokd] Sx| e AV E AIEE(-4%, —3%, -2%

02) A4 slo] HotchFig. 6). =gt 22 Wajog
Ad 534 715, EFE OFF-celle] ZH4roke] $1x|9} =

715 MFAete] Rkeh(Fig. 7).

2 AL Bolo] s wetdH o2 Y V| 5H B
sto] A= 86 ol o) o] F z+zh ON-cell, OFF-celli2
43 EEFS 5 9ol TR 4= 2, g 2
A& $24o| 93 ONJOFF-cell sl E 28 5 ¢ladeth o
off FatolE &oNA Astirt.

o

o)«

i

e

B ERAE J2e] Agsd A Ad YAIl
field illumination) th4l Ec} B3¢ 1 Hzeo| 524 vl5%
A}Z(random checkerboard light stimulus)& ¢17}8F & vl z}
Zol] HF2s1= ON-cell?} OFF-cell®] 7+poke] 929k =27
£ Matlabg o] &slo] A|FAIs}od Hotr)l wbebA AR A
of ook i A WaAAAAEA WS S8
e % BRG F U AT R < P% T
ON cell, OFF-cell, ON/OFF-cell& A& & E"E
sl Zedelch. A ARAAEY Zrolrt B
AAH w3} o] #EolE[glong F3 Zhoke] iy
BHE Yotie A+E APstua .
AHIE A = AZASE AR AL oW A Al
Aol e Eo] sb5el] wFolu.

£ A Aol 25 ool £A9 s
3 AR LY BEE 715 F ARAAL
obg AT AL Hkor} ATaA
o} 1 o] &= AA, A B oA ALl AF AZEY
o] (Lightstimulus)& ¥ odF-Alol| Al xpA| A2e Aoz A
ol WA= elo]w & A&t ldelql & AFE F A

£ Eo]HZ Alols]s Zo] ofe}t XSl oEs)= W
Jolet Ao AFE ZEHel g AHFe] expyt
Algke}, 25 Hz A=) S 40 ms HH o2 A28 vy
© d AA| RS232CoA U FHE & uf) AAE S
A AAE 10 mse] AA|7F #HEE At ol AF7HA 40
ms2] 140 sfFets e XpolmE ZAF FAY = s L2
zoleh. &4, @ A|LHA BUEHE F3to] WZZAE
£ A U FAS viE3ATo] A¥s] MEA v x]x]
5 duR3g EuA o wddeuE Huig gl
AZe] o] 200 umol 2 1 wjed et 100% H ]
ol ki & £ glvh A WA o]y o=
AolF o g e|detq] eto[WE o] &3lo] AlojslH FEE
T & Aer getsn, F Wy vid exE MEAE T
AlstAl 3 4 U= v AZA 7] (micromanipulator) &
W S8 F Je Ao J*‘:}ﬂ‘:}
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Reconstruction of Receptive Field of Retinal Ganglion Cell Using Matlab

Jang Hee Ye, Gye-Hwan Jin*, Yong Sook Goo

Department of Physiology, Chungbuk National University School of Medicine,
*Department of Radiology, Nambu University

A retinal ganglion cell's receptive field is defined as that region on the retinal surface in which a light stimulus
will produce a response. A retinal ganglion cell peers out at a small patch of the visual scene through its
receptive field and encodes local features with action potentials that pass through the optic nerve to higher
centers. Therefore, defining the receptive field of a retinal ganglion cell is essential to understand the
electrical characteristics of a ganglion cell. Distribution of receptive fields over retinal surface provides us an
insight how the retinal ganglion cell processes the visual scene. In this paper, we provide the details how to
reconstruct the receptive field of a retinal ganglion cell. We recorded the ganglion cell's action potential with
multielectrode array when the random checkerboard stimulus was applied. After classifying the retinal
waveform into ON-cell, OFF-cell, ON/OFF—-cell, we reconstructed the receptive field of retinal ganglion cell
with Matlab. Here, we show the receptive fields of ON-cell and OFF-cell.

Key Words: Retinal ganglion cell, Receptive field, Random checkerboard stimulus, ON-cell, OFF-cell
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