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A Awje) SR v XE retinoic acid (RA) 9} &#E Folrgith, RA
AEe @MY AdRZ K A4S 9 (39 BAE {3t o2 RA
Hejol g A2 BAl aoe HAAZ] L ] Fol =2 Ho|JYrh. F stage 184
719] @Y 71e) RAE HAWUE o Hdlo AF B anrl Feded, 20mg/me
9 RA 8402 AHegde o Hoo AF B4 aanrt vewdoh

oleidt deda= RA M7t @97 M Ee positional valueE HFZ Aol A
F 93} (posteriorization) 3t7] W&o Yehte Rez 4" £ doy, Tz A
v YA 2 Ma e gEHYL AAEtn gt

A =

HEFY Aol FE &2 retinoic acid(RA) &= 7] &g 2alst A= 2 H3lo) gloia] HFA
84010} (Ganguly et al., 1980). 12l &9 RAw MUY o247t £ dALE Asieid,
53 2AZQA W (embryo) M= dle] A7 € <He e Fol AF 71HE fdsb]
%= $o}(Kwasigroch and Kochhar, 1980; Wedden, 1987). %3 RAE 9|23} Aeje] T YA £
teratocarcinoma A|¥ 2 X e g %o wat g AT, FAS HAE, AF QX 59
H3E #3359 (Edwards and McBurney, 1983; Jones-Villeneuve et al.,1983), 2AE< &
ol AFe HEFHZ2NAM {sle] WYL WAANIVIE $rh(Dhouailly et al., 1980; Hardy,
1983). o]} tl¥o] RAZ X & HEY A9 RFEAE retinoidse ej7kA fR2 A% A
gl Hold FTHE Hol (Tsambaos and Offanos, 1983), Y X oA Fg9 AL E &
g AHE JeElgel B 1uxE1 3t (Bollag and Hartmann, 1983;Moon et., al 1983).

o]Z7 RA Mo 23l fdxe odf7bA] ¥gle} tEof 573 g H & RAZE HA
QA e delM FHo EAE fFugrts Aot (Tickle et al., 1982). olegt &7H
EAle RA M7 obx 352 &2 #Y dHME 48 AXEEQ positional valued ¥3}
A 7171 o Foll vebdorar A g 91t} Positional values &, ddl, &3 g2 EXHE
ZE olFx AXEo AL Uty BAAE 33y ToAlA Y AR EHo A ol 3}
o MEge] ¥3}t wako] AFHI 5T Fx ARFH Edo] vdEdttn FEEH1 QU
(Wolpert, 1971). ©] &3} positional value:= M ¥ HHo B3 E A7 d¥3 AAE 714
I Y&l AJAME T 9o ™ (Steinberg and Poole, 1982; Edelman, 1983), RA A&l 93}
ANE FHe] FagtE A4 B W3y fdel YA AEdA ¢d2ixn dck(Ro -
binson et al.,1978; Joukoff et al.,1986).
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Fga e dAUES AX 2 22 4 dilele AR oM FAEYE F83
A Ze] st ulRst Ao MESe IRlu g WA e YA EAR positional value
o] BEAAQ AAES FHstE HolGn & & Ak A W AR HPAFES FTH
¥ o RAE o#ld Azel 3olM B FA4E Ad Edeolztn Baxit. RAE ol
EZo] o] &37] iatddE WA RA Ao dgtd fEse G 249 FAY HE A
Ao g w33 o9 T oI WHE Y aHHez Fuse MgAr 2 HLAF
of &t Nz A7k Ay ofok F.

B Adps 94 d75e 7122 89 RA Hert g &4 ALY viAe 4%S ii
g A7) 2 Hel ol et YFHog dol BogM o FY¥E FHIAF HIAUF
utedsle A7d 712ARE v I 5Eo] A

Mz L

EEREEREE
2 A3 o)ae A (chick embryo; Plymouth Rock-Arbor acres) & A8 g2 A3t 24
221 Aol retinoic acid (RA)-& A 2dl7] Hsted ] Auje BAGAS golstdeh, S4B A 9
ol 2y AA F 2-590] AP AT el AL weo] HAFY AwE MR oA sl
A DR 2M 7h53h3 o (Summerbell and Hornbruch, 1981). #Ad A el €218 vial § 37
WY Fe 9 H3g gYo g Bagon, £YTFE BV (39.5C) o wol T A& s
E5 33k

Retinoic acidel A &

B A8 AL&H retinoic acidi all trans retinoic acid (type XX; Sigma)Z4 dimethylsulfoxide
(DMSO; Sigma)dl 5, 10, 20, 40mg/mée] =2 &8st Agatgdrt

RAX 2]% Hamburger®} Hamilton stage 180]1A 21¢] =93 AME oigos A3 ot Hambu-
rger and Hamilton, 1951). Hele WA o3t $£54& 72 Awe &% 47 97 72 Ad
o] AARES 7o) 0.5m BT AsMEm, 7tz M2 27 0.5m A7l HEE YAE FvlE RA

gofo] MM P HAG Heol 79 Yooz SsHAG. RANEE 2 g de e
parafilme.2 WEsGon, Hed FEES A Badrlel wol wdol ASHES Ak

oo} e Mo ot Aujel WA WE RAY ARE Hotr7] AstA stagels, 19,
20, 2190 =2 AuEZ HEsn, 4mg/me F5E9 RAGAS AN Fo] 2zhg A A7l 7%
wolch ¥ Avlel 9/ FeR Al h§ RAY Fx¥ a3E Lotx7) A3 5 10, 20, 40mg/me
o] RAGY g 2l Fo| 27HE stage 1991 w2 Ao ol HYaATh Zhzbe) = aela
MATGAY A7 4004 AR FAHESE ddn. WEF 4¥o2E RA9 §9d DMSOwE
F4A17 Fo] 27HS Y9 wHsbA] 2oz G 71 79 @A Aves d¥ 244 TF%
o7 ¥$ Fuolmz HeS a4 ¥ WYH e T OE grFoer o&HUt

ZASY e A
RAHM 2o mE d7le 27 Felo Udelue WS dolnr) $5d RAME F 7dc] Z#d A

W2 RE 92 9AE Hdsln, ddd 9AE Gregg AN 244 Bt nE At nAFS
w3 H @slel 22AE Victoria blue B g4l oz 247 $e gMsn, ¢4Rde AQ 0,
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methyl salicylate® #g]8lglth(Bryant and lten, 1974). ol&13t Ao odld 23 33} 2o
g2y Hen, M Wi Mg 37 @Ho] KolstHcl

Z ot

RAAZI WE F7 dee wale 2 Ax7t e gt ol&d ¥as 38 AF
% (anteroposterior axis)Jol A A & (digit) ®] B-A 2 Yegen, 5 g9 s (zeug-
opodium) &7 8 F (radius) 2] A9 H(distal region)7t #Z (ulna) o] A HE-9} &2
ol FehE yehi Ao A Fe AS Bag AL g4 9d9 FHA ALHE o FUL
HSa® A9 WA 2234, 32234, 432234 5o Y wMAeHY vxES
FAstgh maba o)A thad EAE woly RAAMEH wa 4% 2452 Rastn
AH AEAHE dobr7] 95k Table 13 ¥ scoring system& sl ofof ujz} -
g Aeo dAgse B4 Axg 715

olgA dojH s1Zo g N el AT YEivE HA AR BA ARG Uotr )
93l E-A) A& (Dl:duplication index) & t}& 3 & 2,
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DI:Z(DDX”
n
o] 93t Ab&3tH ). Zte] B sgola g WE(f)E fdss B4 530D
degree of duphcatlon)‘)l] =535 5,]_ o8 Z&3lm, oA Aol e HAA HE  AAFh)

2 Yo Bal AR (DD E &AL
Table 2% stage 189141 210) ol2& AHuje] wAGA & el I Aol nlA& RA

o] = %5 Yot o oA B F d%o] RA: HALHAZ ) E4F ¢ & adnE
sl th. & stage 189 Aol DIVF LI6RER olF w%ed, olHAE& H

A A TFe] $AT B} rJEo] Ag %9 35} (posteriorization) 7F Ao WS

Table 1. Scoring system for the duplication of digits resulting from RA-treatments in
developing chick wing-buds.

Degree of Duplication (DD) Characteristics
0 normal digit pattern, 234
1 2234
2 32234 or 3(2)34
3 432234 or 43(2)34
4 4334
5 4334
6 434
7 44 or (4)

() : shared digit
1 : partially fused digits
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Table 2. The effects of RA(40 mg/ml) on various stages of chick wingbuds. Numbers repre-
sent cases observed in each category.

Stage DD Total cases DI
1 2 3 4 5 6 7
18 2 4 3 4 12 7 3 1 36 3.61
19 3 5 14 8 4 3 2 44 3.20
20 23 12 2 10 3 3 5 2 60 1.95
21 26 4 1 2 1 0] 1 0 35 0.63
DD: degree of duplication DI: duplication index

Table 3. Dose effects of RA on stage 19 chick wing-buds. Numbers represent cases observed
in each category.

RA conc. DD Total cases DI
(mg/ml) 0 1 2 3 4 5 6 7
0 24 0 0 0 0 0 0 0 0 24 0
5 21 6 11 3 0 0 0 0 41 0.90
10 10 1 1 19 4 1 0 0 36 2.25
20 3 1 2 19 5 4 1 1 36 3.19
40 3 5 5 14 8 4 3 2 44 3.20

DD: degree of duplication DI: duplication index

AT A7 210 o]l258 well= DIVF 0.632 84, F3] YR FEow Ao Bt
YElES Ho Fof o] A7]dE RAXE ] o3 Fukrart =3 Fuds Jeliia o
Stage 199} 204 DIVF Z}z} 3.203 1.9584] & ol & BodFa 9lon, of stage 19
9} stage 20 Atolell 7 WA71E PSR e AEESQ RAO tig «vlAdel 2 WU e
W& 9AIska gl
Table 3& RAA 2] & whe} stage 199] Alvfol A el Y AFe 2 & 293
2 gtk 2A s RAA 2 o] ol ute} Fristg ot 20 B+ 40mg/mé §Aoll XA

Zo)l 272 719 e W vEnd AvE A9 vEstac gaby ods Ane  Hyel
A E f0sE RAS Aol $A7 4SS BlFEch DMSO oz Held Z9de %
AY 2L A8 BB+ AYow, olv RANY W 479 247 RAS) @ A3
Mol gatee wEsha gk
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ghe] defE Aol v Ae RA9 ane A7 o8 2AU$LE Bt UehdE o
2P A4 29 B3EEAY. o)y AFS daAe HAAT] F stage 180) A 219] o3}
A4¥ d92 28 ¥4 F Ao, Summerbell (198310 ]3le] Ajai gl v]&£g APz n) s}
o B oo diAz a1 FFe) FAEE & & A

el ol mE RA9 a3t DMSOe fal® RAY %7 0mg/mé Ao} 2 F#7 Ho
Mol x&atgdoen, 1 o9 Fx9 40mg/mée] Hol% ol9} vl&d Axrl Bebyrh 3
A ang/me EE 10mg/m ] FEAME o Ao} vay o HFs) e FuE fdsido
Summerbell (1983) & RAS] ¥ 7} 8mg/méoll & @E wf olu] 1 Fue) Zhsly gwde
Hustgov, B d¥o A#E oo vlms) vy Fo 72 fusl: RAY Exe 9
of A o 2.5u HEel zeo]Z Rolx gt} o]2d zlo)E Summerbellol 23] AW =2
710l B A¥EAA ARE 53N ESN M2 g B olys, Mz o2 %o EE7d =4

=3

ol HolHelk BFEHT Hrl EZHY EAHE o) B} olg A7 d) 97 ME
7t RAZ Eol diate) of Agast st dolrh, Aufel Lol oA Ele) B (wing field)
¢] ¥ 3 (anteroposterior axis)©| stage 89| o|n] AW k= APH A3 (Chaube, 1959) =
Hol RAE ojv] ZAgo] e AF Zo B AQ WHE of7|am, olajd wae g
Y718 FAstE AR B M ol Ao UL W HS HE Aoz mlvh BAGA

2 RAY ane HAHL Qe FulgAFe dele F9aMdz #2E A0 Niazi et al.,
1985). & AAE 1 = FMFY el HES}A) 7] (dedifferentiation stage)o] RAS A
23tH FAo EAg futalA g, AEE A7) (redifferentiation stage)o] #2ldw 2284
ol Aadrt ol MEo F3 Fule] wel RA A7 thFE§S AASA 70 stage 184
=9 #A 27 Y Ay A ANHEE v1ES A A stage2lF Toll kel
oju] 2 F2 FE AlFstd E3lvh dAgen glong 2493 RA Held g anx ga
e Aoz fiME & ok

&3 Thallers} Eichele (1987)& A4 2 Awie] @7 A7olM AF 4o EXslz ¢
RAS) %ol Ae]7t d&& B 3tk o]5S 9k 9719 FukRe) wu B2 oo RAV}
EATTHE AL E #R13ta, ol F wiEle g dil 9v]eld RAVE 4% %8 AAYSE Juid
A RAEM ARG FAEYT. 28y o] 2d 3e Itens} Murphy (1980) ol 218t A]
HE o) dgel Ang dysted FAHEE /X den of Hol o ea R o
o2 v Aol wE Aok @ FAolch RAV 7] 929 HAFE = AR &5 A
g oojvle] ey Yy asetd @) 9719 AF F Aol Hx2 doldhu BAAE stage
10 ol doll = o)n] drh A717F Fejste ALRYdA RA X BadAe] Jeg Aoz
ZIRE T o1 2g HFE Y] At stage 108 AR stod G A7)7 fAsE Ay B
Aol EAe= RAS 4& HE "ol Qlow, £8 o] Ajyje] RAZ AA H9jo Hg4
< O kbR 27 2 gab JehdEx g gob Bolop & Aoich,
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Wing skeletal patterns that developed following application of RA(in DMSO)-
soaked paper onto the anterior margins of chick wing-buds (stage 18-20). Dorsal
view.

Magnification: X5.

h: humerus, r: radius, u: ulna, u’: ulna-like, 2,3,4: denote digit numbers,

( ): shared digit, 1 : partially fused digits, DD: degree of duplication.

Normal left wing with digit pattern 234, DD=0.

Right wing with digit pattern 2234, DD=1,

Right wing with digit pattern 32234, DD=2.

Right wing with digit pattern 3(2)34, DD=2. 2nd digit shared by the original and
the duplicated limb, radius is missing.

Right wing with digit pattern 432234, DD=3. In the duplicated limbs, tips of 3rd
and 4th digits fused. Also, note the tip of the duplicated ulna (u’).

Right wing with digit pattern 43(2)34, DD=3. 2nd digit shared by the original
and the duplicated limbs. Also, note the tip of the duplicated ulna (u’).
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Fig. 1. (Continued)

G:

H:

Right wing with digit pattern 4334, DD=4. 2nd digit is completely missing. Note
the complete mirror image of the guplicated ulna to the original ulna.

Right wing with digit pattern 4334, DD=5. 2nd digit is completely missing. 3rd
digits are partially fused. The distal tip of the duplicated ulna resembles that of the
original ulna. -

Right wing with digit pattern 4334, DD=5. 2nd digit is completely missing. 3rd
digits are partially fused (more distally compared to H).

Right wing with digit pattern 434, DD=6. 2nd digit is completely missing. Also,
note the shared 3rd digit. Zeugopodial pattern is uu’.

Right wing with digit pattern 44, DD=7. 2nd and 3rd digits are completely missing.
Also, rather a thick block of cartilage presents in the position of ulna.

Right wing with digit pattern (4), DD=7. 2nd and 3rd digits are completely missing.
A thick block of ulna-like cartilage presents as a zeugopodial element.
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The Effects of Retinoic Acid on the Developing Chick Wingbuds.

Man-Jong Han and Won-Sun Kim

Department of Biology
College of Science and Engineering
Sogang University

The effects of retinoic acid (RA) on the developing chick wingbuds have
been studied. RA treatments on the wingbuds caused the duplications of mirror-
imaged wing digits from the anterior margins of the wingbuds. The degree of
RA-induced digit duplications was both stage- and dose- dependent. RA treat-
ment invoked maximum duplication of digits in the stage 18 chick wingbuds and
at the concentration of 20 mg/ml RA in dimethylsulfoxide. These results suggest
that RA causes the posteriorization of positional values in the anteroposterior
axis of the chick wingbud cells in a dose- and stage- dependent manner.



