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BI1IE Fi
W oA, M e i, MN O EEBICHET S MER -
CEDIERE NI MRBEMEAEFERZMFE> TEITT S, Z< 0% AOH
MO TIE, BEMMORKZ B, XRBELIEGES T 2 LIC2X M
WEK o mEtEE A LESAICL., ERRERRKICERR NE —

1

EFRFOMRNLEREATE D, ZOBRIT ) LMEIXHA TW D (Gilbert,
2010), 7 7 U 1Y A H )V (Xenopus laevis) i, T 5 O EBRIFIEFM E
BRIk 0, SAEIAREAZ ATRE & § 2 BN ER OB T M A R Bk & A A
BOERLLEEICELLIFRONENKBFEMICHEINL T L2 EHEY T
& % (Gerhart, 1980; Cooke and Webber, 1985; Yamana and Kageura, 1987;
Kageura, 1995), EHFEELFH R EO TN T RBER NS — 0 &k
O~ EFRAZEIEBICEBWT, MBRER & MBEMEEERNED X

FNWCEMRT A2 EZHONICTDHZ T, BEEMFITEB W T, K KMHR
THHEZMETH 5,

FERBAEICB T H2HKEMOEIZ., EFREICE T DH O LT
HZ LIk, MRERFEMRBMMAEFERIREECEDLSCHET S
MIZOWTIHFRICHEEREREZEBEST 2, 72006, b LIEFIHAEL GG
B3 A THRIEREMICERTE N A ORI IE., £ o HIEK o &4 13 e E K+
DIERICL s THRESIND I L EEW®T D, —FH. b L., EFRELH
PR AE CTHRIEKIEM N R > T X, £ OFI B o oW E 1 /I A
EFHRBEET L2233, 77V Y RATZVOEFRREETIE, ZNEF

% < O MBI BRAFZE A 1T 7= (Jacobson and Hirose, 1978; Hirose
and Jacobson, 1979; Jacobson, 1985; Masho and Kubota, 1986; Dale and
Slack, 1987; Moody, 1987b, b; Moody and Kline, 1990; Bauer et al., 1994;
Vodicka and Gerhart, 1995), L 2L, 7@, R#E. A GDOERITON
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TOMWEIZ, TNETIKIEFLEAERINL TR,

77U AT TR, MRER SO E IE R X ORI 1 —
EOEBENH D, RZHEINE, B MoOrzsEL, BB THY . £
O il Wy F AR LS T A I TR B s - VegT B X O Vgl (reviewed in Gerhart,
2001; Heasman, 2006) 2N R{ET 2, MROFE@E L, =k IZ X o TH 5
DEBIZCEEIND2HERERNFLBEH T2 & THREIND (reviewed in
Gerhart, 2001; Heasman, 2006), 2 F v ., FHRENE T % & Lol W ) £ B
T IR E CoOMIC, BrEARLITH RS BB mICET L, B
L7Mlic kA — T T A —NAELDZETCHMPEESIND, HIT, K
FEN KA RO MM L 2D, B — I E I M b A 8 D
Eihbd, 2Nk, Wid, Lo TELAHEZEST 5, & 2 IFH
mix. B 1ONEIm L EAT L CHRER L, kOB MBS X OCEMO N0 % 00T
% (Fig. 1A), % 3 UF&HIm X, B & F k% 4317 5 (Fig. 1B) . FIZH
Wy fm E BRI B Sk 9 5 4 IR 3E (Masho and Kubota, 1986; Dale and Slack,
1987; Moody, 1987a) (X, = EARY — LI L2 K EBEHICLY TRHRELN
MELRL2IZEW, REBMRAKTHICIIINANGZZERIIE 2L THRO =
JEREEN R T D, FHIBMRAEBIC LV NFRRES ETHmCHERE SR
THO T, Mo EHFZPEM, THERRBMAE L TCHRB#WDHAMKES D
(reviewed in Gerhart, 2001; Heasman, 2006), %< OF — & (X, ¥4
BICBWT, MIHMicEE2HEFECMBERN FoBEENREL, B#IC
HELZ2HEFIEIECMBEMAEEANRKRELSFLET LI LE2R3BLTWVD,
TI7VHY AT AHENESEO S B HMME RN T &R A e A
T MANERDERL TV, SEEICE T DO THDL, B
B OREIZEW T, MPBB XOEMICRHET 2 MER - F 2 X%
VI TFTNROREILEL ST, ma—a—Tv % —0O—¥ (Gerhart, 2001)
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4 —H F A ¥ — (Nagano et al., 2000; Sakai, 2008) F /=1L fll 5 N & Ik 4
A O Y BERE (Zorn et al., 1999) Mg B A ICIRE SN DT T LA
ZInNnTwWsd, —h, A=A ¥ —Zx0EhBMUIMNEST H>=a—=
— 7R =N DOFEBICRVEREADENIET AN, EEEET VU
it & T b (Nieuwkoop, 1969a, b; Gimlich and Gerhart, 1984;
Takano et al., 2007), £/, FEHKHOFEME L CEM TEH T 58
FHEIZ K D Chordin-BMP ¥ 7 F /b x v b U — 7 Z v L 7= #il ja [ AH A AR I
KoM AE O AT AR L T\ 5 (De Robertis, 2008, 2009), L 2L,
REAE A e B IR 7 o0 9 M & M i AR B AR 28 W I 2 B o & U1 IR il &
HiT 2022V TOFEMIT. B 6NTIERY,

SRR Bfa AN BH A5 ) £ TIZ P NIREE & KRBl & 1L 2 4 I 5E o 43 b 1S Al e B IR -
EHIBEAHEERANED X I D IO TIX, 795 1 dl ok @ 5 A% DL b
CARBZR RN Z W, o, BN ERNICZORERH SN LR 2B ZH O
REICIEMBPHEBEFEARRESEETL2b0LEEZONLN, ZOMEA
ERABEDLEI> R LD THLINICHET HERITD L0,

770 Y A H ) (Xenopus laevis) R TORMBBEICIZ., Zh % T,
BEMEANCL YV MREZEBRAOFRFICEBRRCE2®E N L —Y — LW, &
Ie~— T —%2FE >t L L TTIE X Xenopus borealis®D W H W B
T, Bfs~—F—F, P —V—TIHEBHTERVEELOK
RICELZETTOMBEBP AR THDI E VIR RERFS, LML BL,

B
TILE VR TCITAFZL2EHEEZLWVWRHEORNFMHEGEIZEN CX . Yenopus

Il

borealis W% Xenopus laevis IRE D b/h &< | BEMEICHMERH - 7=,
T, M#ESLICcET2ERESD D, BB E 2 X 5 #
FTORBEZAHEIT D H insitu "A 7V XA E—va rBNiTbitTw
Do LZL. ZHZEMBBIZIT >R K CEM T 5 MY 725 ENE
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o T,

A 58 D A E

ARBFZECix, WHEE (5 3%), PRECHRZEH (5 4 %) B L OIS IRE
(B5%) OWELXE T L OIC, HIERZHEE, nEs L OB LZRIZS
WTHEIBROEMEZBEH L, EFRICBIT 2 b0 & LE, ZTOME., Al

HEMANPREZT EFRBIOCLEFERE2LOMEEROVTRICENTSD,
HFHEHEKFROBLTHEIN TN, 202 LIE, 2o EFRERF
EHMBICRET 2MBERFOMAEDEONTEE®RICEL > TEH WA
REzZzRL, ZTORBRANFTIEFRBLOLEFEROVWTRICEWNTEERERNH
—VEFEORNERAETDEDICHTLARERERET LR RB I,
LRI T 2 MEAEEENT. BUEKFROBTEMILL IO Z LS
(T B B SR o BE RIS Koo TR M IR BE o P E 2 HIA L, R Al G
MOMBEZEZLTNICTEAMICERE Lz, ZOMBEICE T T, MO8
DIENREDZENRBINT, £, MARICEKATF IS ET DN IK
ErR<ERUMAFRETIT, MBRHEHEAEERIZE > THER#IZH > 2B
THRBAKFEDIEREINGD 2 ENRE Tz, PR (Central nervous
system, CNS) DO FEHIERZRELEZETIT., CNS OMfifE &L KX DB O %
SHETPERKLFNKIZEIVBDLDND Z EVRBHLNER ST,

£ 72, Xenopus laevis R & Rl U Y% A X % Ff> Xenopus HEFE IR % il fjd ~ —
H—EL LTHMT2ZE, MBS Z&E in sitund 7V XA EE— 3
YEE R TAT O FEBICHOWTHRA L (F 6 %), LidsEo —&MIicw ML
TEOA ML EIEL -,

& BT, Xenopus MEAMRL R @ JE A M 2 2 2 & CHE R JE T 4E R A 2 AR
FrL.80MPa DFE N2 DNA R AZMGI &2 LzWoENc L (B T7TE),
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H2E MBBIUHE
2-1 WE¥R{E

FEBROFEE (FH3—6%) M, Hh7eolE Y — & WEE, BERBKO

M A RRE b L= —OME, REBLTEAREZ Table 1128 L7,
NS DFERMEIT, EBRODR, KIROM EDOLDIZIERER ST
L2L. o WFDOFERIZE W TS IEH R T oML GO R R i3 5o RS
(Hirose and Jacobson, 1979; Masho and Kubota, 1986; Dale and Slack,
1987; Moody, 1987b; Moody and Kline, 1990)Z —% L 7~ (% 3, b ¥F) =
EDL TR D OFEBREMN O E DT OB RICENICR R o T RE

EHZTEEEEFE LNV,

2-1-1 =IO ELE, Ko EE L BE

Xenopus laevis & Xenopus borealis DO REB B L OMEE 1. LM K H

FHELITYUMEETCFHABELEZLOZH W, 2O KEINIL., B MK
EMITF R oy oFEA (B 100 -150 HAL, M 200-300 HEAL) 1T &
STHFEINDIERZLHEICLVEL, £/, X laevis & X. borealis @
MEFE AR X . Wolf and Hedrick (1971) ® HiEIWZ XV . X Jlaevis JPIZ X L
X. borealis T+ H NLEHIEDLHZ L THEL,

Rix ., 2.5% A4 27 U a2 — v+ U v A (pH 9.0) £ 72 1F 2.5%
L-cysteine hydrochloride monohydrate (pH7.8-8.0) &% W THE Y — L.
KLz, MOBWEIZIE, ZoDFEOWWTArEZH W, —J5i%, 0.1%
p-toluenesulphone chloramide (Z o I T) Z5& 100% A X A N
— ZWRIR T 2 M FE%L. BE 100% A X — 2 N — 7 EETHEHF L, LK
DERBEZNMAEVEHERNOERKTITO DO THDL, O —FHix, 7rn 7
SVT TOWRREEITLT . Vo ¥~ A4 v B % 50 ug/ml @R E TIHRM
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LEBBRCHEZEEZT 2D TH D (Table 1) o

Wix, Effz 2% ERTHEEL, 10% F4 M3 %2 5T 50% Leibovitz
(L-15) %% (L-15 FCS) . 100% A % — > N — Rk £ 72 1% 60% modified
amphibian Ringer’ s solution (MR; Larabell et al., 1996) (Table 1)
oLy —LICEE, Zab2b, BHAILOX B2 IPE & 4R
DNE— RO 4, 8, 16 B XU 32 MR (Fig. 1) #&HKE L1, [A
BIRH C, L FOFEKBMELS LI OME RN —%—0FE A% £ L7,
2-2-2 HIEKOHEE RELBHEBSIOCMBRIE L — % — 0D
A

FIER A2 BB, BRE LR T OMMIBENER TIX, FIEREBELE LRI

%N

xtL., MaRaE ML =V —OBHBEANET o, — . FIEKBMEETOM
JlBBFEBR CIX, BTV VRARELLZMOBM T XX EERKIC L — W —
EEALEHK, ZHZEZHEEL, BIkZ2RELEEERICBEMLEZ, 206
OFEAEIL, FERBEME E 7 T HOCRERBEME FTEM L, £, MERK
DR . FERBEBE T TEML -,

BTV UVIEOREIR, FEOEXREHR LICEP TR LT 2HAOY
vEYy PERWTITo, SHiC, AR LEIE X =12 X0 HMERE
L (Fig. 1), T AKBRLE~AT =V —T%H T, BIRZHEHLZIIBREL
7~ (Kageura and Yamana, 1983),

Mo oRRE ML — Y — L L T, 100 mg/ml in 0.2N KCl o
fluorescein-dextran—amine (FDA) (Gimlich and Braun, 1985). 0.5% in
H,0 ¥ 7-1% 0.108% in H,0 ® Dextran Oregon Green 488 (Molecular Probes,
Eugene, USA, )z W/, 2N 6D ML —H —2FEALLEHEKB X ONEAE
Z ., Table 1 IZ/" 9, AW, w25 mDEAHLTEEL LI~ A7
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042y x 2 % — (Model IM-1: Narishige Sci. Lab.) F 721X u£ 10 um
D FE NG % F % L 72 Nanoject IT injector (Drummond Scientific Co.) %
i L7z (Tablel) , e, BTV VIEAZFREL TV 2R WIEFK~O XK
HEAZIE, BEAZOINE O 2B <72® ., Ficoll PM400 (Pharmacia, GE
Healthcare, Buckinghamshire, England) Z 10% w/v O & & THM L 7= K &
i % M\ 7= (Newport and Kirschner, 1982),

32 e 11 By W kN AR 4 FI Bk 0 32 A e ) T RIS ek D Bk BR 25 AT R o~ o
BT, BEREMAZLEZEED 2% EREM ECTIiTo7, BHITEIMEY
AT 24V T —va vEEZTICITN., 20%, BEROBME
TR CR A S, — . 4 R A RE 0 E Bk oo A7 A B ER bR B
WIEBM~DOBMEEL LN X Jlaevis EHEBOL LR OB - BLA 1L, K&
WEaWIZ LIz y — L O 2% BRNIWCEHBAFZRKIZANLD Z L TIT- 72,
RICANDERIC, EEMERBE O o0 FERKED I bW — 0K
ZEVRE Y dh ik L 180° [Al ik & 7z,

FL—H—BEASNZHEERE X OEHERORE BHEIKET. TR,
FERNIWCAN, BEE L, EAEFERIZOWTIEL, 2% R THE L 7= M
4% 7 L — b (Falcon-3034) £ 72 13 #E X NI A7z,

B R FE O BEERPLO P L —F —ORANBRD S iz RiE, I0E
DHGEEEBEBE L LU EOHCBEMBEBRRICLI VRN, &
KIFIWCANTEIRIZZE D E F St. 8-10 (Nieuwkoop and Faber, 1967) F TH;
FTL, BBEBBEEHRAIC 109 AX AU NN—TRHEEIEL 5% MR IT&#; L&
(Table 1) . MBI OZORBWIZ OV TIL, St. 13-17 THEK HIER 1
BRoSsfizr A LVERLE LTkl -,

FIER#AE I b X OV o xb BRI, B 1R G AR T () 4 A i (R 51 Bk o 75 R
mIEIER E DE M ELR(E 4 57) ). A7 — 26/27 (BFERY : £
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EERR (3-1), ZEEMEIEROLEME KR L 0@ S #H 2 ER (3-2)), A7 —
Y32 (BIFEMY - M MBI EREREERCGE 4 8)) BLORT — T 47
(BEPKIRH © X, Jaevis LHEFE D F A TR (3-2) ) W TRAESEL, B
FERRIZHOWTIE., EH BRI % £ > (DAL 5, Kao and Elinson, 1988) % |

FATMRIZOWNTIE, HEORZZEK L,

2-2 fHfk =
2-2-1 B I OO EE

L —H%—%2FEALZMIZ., 4% formaldehyde in 70% phosphate buffer

(pH 7.0) ¥ 721X 10% formalin in Tris buffer (0.025M, pH 7.4) % A\ T
4° C T I ML EEE L7, EE I ML, 70% phosphate buffer £ 72 1%
0.025M Tris buffer (pH7.4) TA 7 < &b 24 BFfI¥E¥ L. 100% = % / —
VTR R B T E R £ © —20C TR FE L T2,

XTIV RO TEIIFATHREBLOAT =Y 55D X laevis & X.
borealis B X VMMM AEOKEBOMBIT. ¥V T CHEE LT, insitu
N A4 7 U FE 4 8 — ¥ o3 vl A w 5 | iE . MEMFA
(MOPS/EGTA/Magnesium/Sulfate/Formaldehyde) [ & # (Harland, 1991) T
2 WEfl E 723 —m, FIECTEREY LA LEELLE, BREZ=Z ) — LT
— X THAL, $ETHIIX, 75-100% =X ) —LFTHI VI EHWT
P 0 i, WX 100% =% ) — v T-85° C TR LT, -85° C
RAFIT., B ESM (BEM) RECESNT-20° CREIV Ny 27 T T
VY ROREGAEMA, RAOBBTHENEND Z L b DR oT,

2-2-2 A8 A D 1E Rk
RIFELEEEWRIZT, =% ) — V7% ) — )Ly ) —=X|Z@L, /NT T v
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(fh sl 0 51-53° C) £71F/87 77 A b (McCormick Scientific) THEM L
o FEE 4 um (X laevis LHEFEDO X A T8 (3-2)). 7 um (B i
BIBRBR ZEEBR (B 4 %)) BXLO 10 um (AW ER (3-1). 728 MH 5% o
AEME KL OB 2 ER (3-2)) THEBOAEZMERL, ¥ L2 TH
NRTT7 44t LT-, BB EMERREERGEI4ZE)OYF T Iizo0nT
. FF/KFfI LT 0.5 pg/ml @ 4, 6-diamino-2-phenyl indole (DAPI: Wako
Pure Chem. Instr. LTD.) T2 ZpMA v Z—3EAL, BOMAKL TH ¥
LYy TCERLTE, X laevis CHREO X A THWICHOWTIE, BAKML, ¥
F U gt Uz, B AL, MX (Matsunami Glass Ind., LTD.) & Ml

W7,

2-2-3 XF 7V Y
BE LS AEREIT., AT 4 275 2 T 45% BEEEIC L 0 10 4y i 4L

L. INRN—=T T2 F, #LOSLE, MLOELET LV XT— &R
TFATAAETCHEL IR T2 ERELLE, 7V N7 — % 10 45
B, L, =X ) — L) —XTRAKLT,
HLOSLIERCEIVWERLET LN — B XM T B L,
pH7.0 ® McIlvaine N 7 7 — (Thiébaud, 1983)IC 10 pf2>F 7=, ¥ 7

7 U Y X, (Thiebaud, 1983) ® FiEIZHE - 7,

2-2-4  w[fAAk

E2TCOT VLT — NI, Zhvduet D7 4 vE—F%y NEEOEN

BEMEE I MES L - M TR L,
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2-3 3B Bl B o fiF AT
2-3-1 A¥YWHRIZBI D7 a—204m DM
BFEORIZOE ., 5 Ny FL EORE M Uiz, SN IS 72 B8 A

X MOBEBEIZHW, L TFTOMMELIIMEBLED 11 LI 3K L
7= (Fig. 2A), 1, # W 2, WM, 58 1 ME LY Al OWRHBENKRE; 3, #
. X ML P 4, HM, MK 5, #BIE 6, 7, 8, No. 5-9 M ®
MEs%E LT 50ME; 9, ILM; 10, No. 9 & 11 o oOME; 11,
chordoneural hinge, &% 4% O, L X)L T, TUVX NVEBGEZLHELZ, 11
LARILDZELZIZOWT M RMEHE MHikzk - TXo L7k (Vodicka
and Gerhart, 1995; Fig. 2B (level 5)), F#|OAITH — DK 1 THE L,
e TOMBIIGHICKETEEBELEZ, £ T ToOE#HKINEZ7a—v 0
K, GHENMNLAEbLo-, SKFICHoSIRIE6 MK, T8 2MHEMNDL
TR ERB L, £ FICHTHIEOFEHMERE L OEERE L KD I,
AR IR A AEIER (RD) & A EMEIER (RV) 7 v — o O R OB E T A
WICHRED THMB THY . iz o —rDROFEE DS FIT 96.6% Dk T T
80-120% DHFMAIZH >7-, MOERE, I ETOMBPOEZRD | £ Dl
DEFENGTELTHROFMIZEIT2mM AL D720, ROVHMEEZ KD
WYAEREN L, HERTIE, £ FCTOHMZ e —r OROFEEHEO GG
Z 100 & L7z, EFRIZOWVWTIE, ficB W THBICMET KT TO
RD & RVZ v = DORDFEMED ARG 2 100 (FRDHIZHOWTIEL 50) &

L7z,

2-3-2 EIYWREFEMUREERAMEIZE T L7 0 — 5040 O
Fig. 3AD@EYV . MOBERBEICH >T=LLTF® 22 LR 6 U %238k L

77. No. 8 L 18 U AT, BERELILMAZ®EY . No. 1 705 8, No. 805
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1I8B X No. 186 22 £ TCOF S @OU M OEBEIIFR—& L7, &
FEODTTEUROKEXITHONWT EH#MIROSHm a2 5 Aa THiE L7z (Fig.
3B) o WA AR SR (CNS)IZ DWW Tk, 22 I z T Al 78 @ 4 i) % 17 F5 %% {i]
Z RN (Nieuwenhuys, 1974; Jacobson and Hirose, 1981) & L THI B T
HNEBEHERMNIEICH N, ZoHEICEDE, ZRILO CNS X, Z&kic
DRELTRIND, EHRFEKFFBRTECEDONIHEBEILZ, ZOKFT T
REBRR/aeFoMHEEE L TR, DMoOMBIABET 2EEIE, hS
MR EFEOMEE LT L (Fig. 30) .

—H . REIZOWTIE, LT X S I %247 - 72, Fig. 3B X, Fig. 3D
DFEMB @O OB THL, AT, REDOIZ7 o —F 0 FA A~
(1 EoMEBKICERT S TFRODHK) 2> T0Dd, REDOZ B —
FTHAHRAALHNTIEH, REOPREABLOIFERATMBALAEICALX D, O
Moy NEIZLHODLIZURFRKEDOD e —F VR AL 03, ZOOKRHZFoOHE
BRCTREAND (2 in Fig. 3D), ZOEMTRENDIBEBD 5 H | Kb I
DZODORGEBIT, TOWMAMOLE > TWVWARVEKEIY BEI, 20
M ANAOYE > TWRWEIKRED bRV, FEHR TR I N D EEO WIS
ML, E o TWDEONEIET 2 8EBIE. =20 KA % Ff oA Tx
S5 (1,3inFig. 3D) KA ZFFHOFEM(2) L G (1 & 3) TRI N D Fig.
3B oo fEI X, Fig. 3D D BHFMKIZTH T, K(2) &/ (1 & 3)D A%k

D7 —=F N RAAL L LTHBERINLD,

2-4 " ®Hin situ "M T VA A= 3 L AEEB &
HAEDLDE-TEW ="8EYMA
29-4-1 RNA v — 7 OERR

RNA 72— 7HERR D=, pAgse 7 A3 F (Cho et al., 1991)F k&
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O pXT1 77 A KD EcoRT ¥ A b & Bamll %A F THeE h 5 fHIK % bR & |
Xbra & 1{xF (Smith et al., 1991) ® BamHl ¥ A b X 0 T D2k T&E

Pax 7277 AINZHWE, gsc THRTHEATFUVEHRBLY 7 VA&
A UVEBRT v F AT n—T7 L DIGC E# Xbra v — 7 X, Biotin,
Fluorescein ¥ X Y Digoxygenin (DIG) RNA Labeling Mix (Roche,

Penzberg, Germany)Z H\\, A —FZ — OB EICLEWVERKL =,

2-4-2 MW _FE in situ ~"NA T IVHE A — 3

SR " E in situ ~"NA T VXA ¥ — a3 ik, EAKIZ Jowett and
Lettice (1994), Knecht et al. (1995), Sive et al. (2000)® K iEIZ XLV
Tole, o7 nicxt L, ERoE#AiL 7z gsc B LV Xbra 71—
T HRFECANAL TIVEALA X LT, oD T —TDrb—~F%&, Fuao—7
Xt 27T A T AT 7 X — B (AP)EEik Fab Wiy & EHE % H v T
M L7z, WIZ, APIEME % Sive et al. (2000)ICFEIB I N TW D Z oD FHik
DWNFT N TAREEALEZ, —20F., 10 mM ethylenediaminetetraacetic
acid (EDTA) Z&de~ L A VBN v 7 7 — (MAB) T 65° C, 10 4y AL#t%, X
) —=NVTHAKTDHEVWI HbDTHD, b —FHidk, 1% YA —r 20%5
e 0.1 M Z7U v iR (pH 2) T 40 AT HE VI LD TH 5,
ZO1EHEOA REHEEOE, b D —HFDOT =702 7 F & O Fab
Wr - & Bl o EE THRH L7, Vector Black (Vector Black Alkaline
Phosphatase Substrate KitII; Vector Laboratories, Burlingame, USA) %
MR L —F—oRERE (Bh) oEXBEELTHW LIS, HiESR
DIEREIZE, ZHE in situnnA 7 IV XA = a VBLROZOH%DOER
BCTHEMATINY 77 =123 YA = 202FM Lo, 70— 7 BE
MEFRELBLIOCAPRICOEBERE I PHFERICLY 2@kl B4 F
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VIR gse Tm—T 03 T =T RELHERARENEBRAEKNEZS D
ETHEYBAICBERWIERERALZELDILED, 2L OMAEDLE TV
THHHBHE WS O (Fa—7 : 400-650 ng/ml., Hi ¥ A4 F > -AP Fab ¥
Ji (Roche) A FR = : 1:7000) & Lic, 7 A vt A ViRl gsc 7 rn—T B X
O DIG #£ % Xbra 7 @ — 7 (% .400 ng/ml 3 X O 200 ng/ml THEA L .1:4000
FINOPL7 VA vt A 2 AP Fab Wi 7 (Roche) 38 L T8 1:2000 & B @ Hi DIG
AP Fab Wi i (Roche) T4 4 il L 7=, AP IS @ 7= & O BB i I3

X-phosphate/5-bromo-4-chloro-3-indolyl phosphate (BCIP, Roche) 2D
W T X 0.35 mg/ml  (Knecht et al. 1995 @ 2 f% @© & FE )
5-bromo-6-chloro-3-indolyl phosphate (Molecular Probes. Biosynth ®
Magenta-phos IZ[E U) 2 2WTIiX 0.0875 mg/ml (Knecht et al. 1995 ®
e ) D = £ ) Nitro blue tetrazolium
chloride/5-bromo-4-chloro-3-indolyl phosphate, toluidine salt

(NBT/BCIP, Roche)lZ >\ Tlx, WG HF oHIZEE & L7,

2-4-3 “HEYLAOETE L E O L E
TEREE. ST CEER (25% Ao~ v 5% HEEE . T0% faFie s Y

YEEAK)., B U UEBELOT T VCEEW (25% s~V . 5% BEE. 70%
K) FT-IEXMEMFA CTEE L, EE®R. VY70 % 0.1% YA — 2 20 &5
e 70% =& ) — L-30%PBS £71%0.1% YA —>2 20 % & T 50% =& ) —

JL-50% PBS T¥e®E L 71—,

2-4-4 Ml REE KL —Y — DG E YA

Wi A FE N L — 4 —Dextran Oregon Green 488 % . LLAI® # 45 (Jones and

=

%

=

Smith, 1998; Sive et al., 2000)ICfE\WVW., L7 /A4 a2 & A > AP Fab W i
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(Roche) & Fast Red (Roche) % 721% Vector Black Z W 7= fhE Y 4 (T &
DR L7, % 1:6000 (Fast Red) F 71X 1:10 000 (Vector Black) ®
Fab WA MK TA v Fax—FL, RERHEZTO~=a2 7 VITH> TK
Ji L7z, 7272 L. Vector Black ® G I21%, 6-2-3 TV . R FR

FEAEREL,

2-4-5 WAERKEOAEDOER

—EYPEER A 50% =& ) —/L-50% MAB T 5 4y 3-5 k& L7~ B4

Mo AFROEAIL, B KFEZECEK (1% H,0,, 5% AL A7 I K,
0.5 X sodium chloride/sodium citrate (SSC))IZH%EZ >IiF, 1.0— 1.5 K
MoZ7A4 MRy 7 208N TONERE T 52 L TIT - 7= (Mayor et al.,

1995) .

2-4-6 & D FH AL

BCIP, Magenta—-phos # X O\ Vector Black THf L7, EAH%. v
gV UBERMO 77 VEEKR CHEE L, 2405 % MAB T 10 43 [H 4[5 2L
EwHEL, =X ) — U —XTHAK%E. ZHALIK BBBA (2:1 benzyl

benzoate/benzyl alcohol) (Dent and Klymkowsky, 1989)I(Z -2} 7~

2-5  Xenopus I F DIl E
2-5-1  PEfh H Wk &G T o R
SHINH ik B+ oL, Murray (1991) @ ikl X » 7=,

2-5-2 hnJE AL
TNV OMTEME I T O®EY £ L7z, 50-100 pyl o7 7 U > R
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AT VIR E 72T O WK RFEKR (WAEMBK) o7 v ae . BEE
S5mm DA T AFICHA L B AT 10 (& DEB Ny 7 7 — (100 mM KC1,
2.5 mM MgCl,, 50 mM Hepes—KOH, pH 7.5) (%W L=, H 7 A& |ZI1L EB N
77— REL,EBARAYy Ty — B30T AERGBICRE L, o7
VAT IE, 40-80 MPa ®E /1% 23 ° C T30 ML, BE#Z., KrEHM
THOY 72O W T, 16% ¥ 3 B % & 3 NIB (50 mM KC1, 5 mM MgCl,,
0.5 mM spermidine, 0.15 mM spermine, 1 mg/ml leupeptin, 1 mg/ml
pepstatin, 50 mM Hepes—KOH, pH 7.6) IZh1zx. 6,200 ¢ T 5 Zyf 4° C

T L7,

2-5-3 EOERENME
BEokEr#AET 5720, IFMBKE KT (1 x 10° f/nl) ORABIKE

150 47 f 23° CLR&JE (0.1 MPa) FCA > Fa_X—KLE FFERM O 5l
O EL%E 5 pl O Hoechst 33258 (5 pg/ml) Z & L EE NNy 77— (3%
formaldehyde, 80 mM KC1, 15 mM NaCl, 50% glycerol, 15 mM Pipes, pH 7. 2)

ERAELE, KAz, SOtBEME TBE LI,

2-5-4 DNA # 8 o | &

DNA 8L AW ET 572, biotin-16- dUTP (8 uM) & & & 3 #5 #h HH #& (50
nl) ZK K (10° {8 /ml) & 412 23° C T60 A > Fa2_X— kL7, 15
ul O B A 25%9 ko — G/ SNy 77— (250 mM sucrose, 50 mM
KC1, 2.5 mM MgCl,, 2 mM B -mercaptoethanol, 50 mM Hepes—-KOH, pH 7.5)
(Murray, 1991)I2MMz. 1,200 ¢ T 154, 4° CcTELLE, BTE%
RYV-L-V Yo TCa—FLEAIARN—T TR LE, BTEEBEEL., S
Ny 77— TP L. avidin-FITC T 30 0 R BB CTA > F =2 X— K L1,
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FOH%., WL ® EB Ny 7 7 —TW®H L. propidium iodide (PI., 100
pg/ml ) TH Mgk, EBNXy 77 —THHELEZ, P 30@EoOZENLED
D FITC BXORXPI OBE 2 A XA — 7 at® v ¥ — (ARGUS-20) THIE L 7=,

FITC @ #l EE 1. PI @58 CTHEAEA(L L 7=,
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B3E THEWMERZILZEIZEIT S HEEB

HRE Y Rk &2 EL T EI R R & L e A IR (3-1) B K OVEIERB A IR (3-2) 12
ST, E|EK~® Dextran Oregon Green 488 ® WM IE A (3-1, 3-2) %/
T7 7V Y AT VRO B ERB A (3-2) (X0, BIEKEAM OB %
Fh L 72,

3-1 AR EAA N IRICE T A EEKEMDE H
TZTHE, A MEBlICHEBES N TEEAErROBIREMAEFE L. EFMKIZ

BIo2bo LT 2, SMEKITIHERERF % G A (reviewed in Moon
and Kimelman, 1998; Gerhart, 2001; Sakai, 2008) ., Hiff x 72 1% BT
BELLEESICEMEZFET 2208, BAUHKTIERERFOEMEZF R
Wb P2 L2 EE - 22V (Kageura and Yamana, 1983; Cooke and Webber,
1985; Yamana and Kageura, 1987; Kageura, 1997), Z D 7= . 4 {1 %
BK (right dorsal blastomere, RD) & 45 JE I H| 5K (right ventral blastomere,
RV) 2> 5 Ak % 4 Ml 1 A7 I8 (Fig, 4B) 1L, BRER Fo o B krh, &
EEER P BEEICBILSILTWS, L22L, ZTORE, EFR2Y—1r%
b, Al Exfrc, EFEREIDVWVWSSEALMNE OO, EFKEIFZIERLT
KEDOHE~L AT D (Kageura and Yamana, 1983; Fig. 4E-H ), Z =
T, BT HERICTOW TR 217\, JF I #H KR (gastrocoel
roof plate, GRP)IZH R T L5 COFRIKFHROsMbMENSR L L,
BRERLIE, AFY TIE, 2 Mo B REE E TCoOMIZHEEL 2
Ba., AERTELEOHmE LSRN EETDLN, EERTITI N
% 72\ (Spemann and Falkenberg, 1919; Takano et al., 2007) /5 T& 5%,
Flo, TORMICEATLEBEBOEHICIV EmME o zEY HSZ &
TEAMOREICEE 2 &E % K73 GRP (Schweickert et al., 2007)IZ
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DWNWTIE, ZOEMESOMEZME~—D —BEBE ORI HLHET
5N AHEMET ORI LE TRV (Vick et al., 2009)Z &b K5,
RD % 72 1% RV 7% Dextran Oregon Green 488 IC L W ik S h /- EH LB &
O R % . Z 4 W-RD, W-RV, RH-RD ¥ X OY RH-RV & FE5 (Fig. 4C-H),
1EH RO BL & £ O R GIE/fh R IR O SRR EE (Fig, 5) B KOV RBR N F —
Z Ff o 8 £ (DAT 5, Kao and Elinson, 1988; Fig. 4E-H) o £ ¥ A &% I
ko (Figs. 2, 6, 8) Z## & L7 (Koga et al., 2012),

FEFEAL LR TIE, EF R NZ — 2 %D DALS ShAEIX 60% 2 5 KFIZ
S TIE90% LEDBHETAEL, ZAUNDBENREEZFESSL OO KD
(/8 (DAL 2-4) F7ZEMARBROMEETH -7z, —FH ., BHENKE WHE
K (DAL >5) R MEGH (DAL 0, L) DK DO FIZHEFITHE»r o7, ZDZ &iF
HEHLERICERERNFRELATR > THMATLH2bORITLAERP- T
TEEEWT D,

3-1-1 KAEHEKIZIo—VEFAREOHMAEZ EFHRICBIT S D
DEHPUOEEBIOHEHERRZ —VThHD S
1% B JECRG IVS /) BA A SR IR O IE B IR D AR IR BE TIL . RD B L VRV 7 1 —

S D L ITEMICHR SN TZ, RDZ o — 3, AR OEELKE LW
i C o2 bR < MR O 2625 E M EKZ 5O (Fig. 5A,
C)o RVZo— ., AMTIX,. RDZ o — v L MHHICHT L., &5 IAM
KEICBW TR bEMoEE DT nIcshm Lk (Fig. 5E, 6),

ERICBWWTS, RDZ7 e — IO FMBEIZHA Lo, Tvid, B
MERKBLRZOZL NEAEMMICAEL, EMHICE TENDMHEROEEIC
DREEBEALMY . L b BEEMICAWEER TH D (Fig. 5B, D), RV 7
7=k, FEA RS REA /R B A T S 8 7o, ik, BEE BE K A
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fr< RE OB EMBIROLELEDHRICIH > TZEHENALEY . L2rbAEB X
O FICIEWEE Th 5 (Fig. 5F, H), 24 5 O K F i, 41 H1 50E 1 o i
HOMEMDO RV FRIIEDBEMUMORD FHROEMICE L EZ2ERT 5,
ZOEOIC. RDBIXYRVZer—vonTnt, EFHREITERY ., A
MEIOCEMZIRWEE THD RO MANZSM LT, L2ALRBL, W
Thorsue—rb, HE, HE#SICEL T, EFRICBT 20l
TFANE =R LT, DFEVRDZ v — T HF M L OFEE M T AVl
WabEDL0llx LRV v — 3 EMFB X OCRESMTEVEEZ SO,
BRI rsre—ronmid, TRIIND 250K b M7 5 BRKEm oL
BRRXownwFnTbZhole, THHEFE, bLEMATKHENFT L L OH
W JRTET 2R ER T O M B A TEMECHE S4Ld 72 51 RD 7RI
MWOBEMMF2ITS AL RV FRITEMED2ZELIEVSI DL b LEMOD
EMATREENEMO =2 —a—TF v ¥ -1l THEEIH S
(Nieuwkoop, 1969a, b; Nieuwkoop and Ubbels, 1972; Gimlich and Gerhart,
1984) 72 HIXRDIIM DO HF M43 & 720 RV FRITEMES TR D E NI H O

Th D,

3-1-2 RN H IR TE O R 7 B 55 13 HE AR B9 (2 5 R EER (kPR
2

EHEBLIOHAESREFEROME ALY i (Fig. )BT 27 v — 2 D051

(Fig. 6, 8)%& ., EEMICHAEL., ZRcWICHME L (Fig. ), Th
X, MR ToOEKE, HEBLOAEAMICH >~ TOkEBEETREL L,
BHEMRICBITOMROBEB OB LRI O, WP TOZ v — A
DED B % FTFT (3-1-2,3), FMMICBT L LWWHAITODNTIE,
T ERTRERE LT Ikl 3-1-4 MEICFERT 5, FH
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Rz T HHEIKEmMIZ, EOFEIZENTHIZERKE TH -2, EFIRK
B T2bDICHEBBLTOTINIEAEDNRE LT, THIZ, BFIZ &I
AE L FRMEORICH T HEHEREL L TR I (Table 2),
EFHBICEBWT, RDFHRIT. AT NFIREICH R T 28 —MELVATY
D WNPIREE (Fig. TB) ., H — il L N L O dx b EM O NIREE B (Fig. 70) . AT
ik (Figs 6C, TE) B X N HF R O il (Fig. 7C) O AWM T, MR THRH I =,
AIF AR RET, EBRACEL TCRNCBBIZHBT 52MAEKTH D
(Hausen and Riebesell, 1991), RDF#RiX. L& @ A1H W IR HE b ok HE %
ODEMTLEIBRERLOLNLZ, RDFFRDOEZLIEI=ZHREONTNIZONT G

HRRICH > THR SRR X OAEMEEIC oA L7z (Figs. 6A-F, TA-K), RDT
BRI, AIHTIEELREVWHEKICEEBETAONREL, LI, WA TOHMB., F
RETHEROEN (Figs. 6A-F, 7C-K). A & K o g Al 58 8¢ Js K OV s T
Rohi, HESM T ~OMBEEEICDOE 2 AU TOEBN. NIREDTN
M5y . FRICEEEE T 5 R Hi A (Figs 6B-F, 7E-K) 5 JL ONCNS o g il 38
CHER ST, AEREICE T 2R EERO LS . FEH KO LW 5R
fHIR &Pl 7z, GRPAZMERR T 2 Ml T F RO EM B, TRI X OFRICEEE
T 5 RET O g E I fE 3k 12 2 A9 5 (Shook et al. 20045 Fig. 260, P) .
D OMBRICOWTIE, FROBMBER & TR T CERN AL .
RET O I EEE TIX A O & E TR S oIk LA M O #ITIE
EhAEBEISNR Mo, PN, BTG WNIRZE . A5 AR I & OV R R 2
SRk 2 Mo BEAE S s K OVER IR e Ak T b L A A T R R A R o0 B A S B
gZIni,

PEIETIE, ERATREZ LT, MM NTIREMMKICHRT 2 — iR
L VAT ONEE (Figs. 6M, 7B’ ), H —MFE L XL Db EM O N IEZE
fE (Fig. 7C7 ). ATH& (Figs. 60, 7E’ ). B X OEFE R O FiH (Fig. 7C° )
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DHBNEHEOWNT NG HEMAIC RDICHRT 22 ERMR I, 2L,
RDZm—r DM Fd—rDirb, BZFbAIHFTOLDTHD, 2FE D RD
THOZLIF, EFMRICBT 200 LFRRICERETHEMELBICH -
EIIZ, AL TS T, INWHEKICEE THM L7 (Figs. 6M-R,
TAT -K7 ), T HEEMICER TS EERICBT D mN g — L
A THD, L L. ELGMICAERT 2L RD FFRITEFREITRRD
EREX0 b HEMTEVEEICEGERToMTL2b00WAl TR ONT, i
Doy AN — 0%, WIRZE, (KE. iRk, PRHRRL LOEREZ THE S
N, FRBLOTERTIE, 2O00M23F = FEHRBTHIZHOWNTOH,
Rohi, HEM IR ~OMBEEZBE L COEM DM, TR, TR,
FRICHET I2WAEENEES IO NS OERMER RO, 7L,
BRBILOFTRICOWVWTIX, £< O LR TELR TOo A O M E TR
Ehfphol, ZTHOOMBITIMEEEDOHEY THY | YO ZMikix
GRP 7D DIRAEM T 2 FROBEM s, TR, KO P g &8 IE A 56 55K
(Shook et al., 2004) % & dr, HRICHEHET 2 M IEE N OERHEK (Fig.
6N-R) X, MFm O MM 2AB AT 2 #HE (Fig. 4 in Shook et al., 2004)
FOLHEMITIEN-Te, £, EMOEMERIT., WTho L X Lizksn
TH, AMOFERER I bR MinE LD odz, LAL, A0
WEHBIIAE AR E T EE AR AR AL IEA LT TR SN, M
MEREZBLTCONMIT, FRICBWVWTH, FTRETFTOHEMAKIE, CONS
BIXOEROEMEE TR O, WM ToOEaIL, B 5K o E
fIER 4. D F D EEE B L OIRE o N IREE | B 5 A/l L OV0 ik R &5 T 8
S i,

3-1-3 JERMFEKFHIT, —EETTHMMMD £ < 21ED
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E®FmWO RV F#IE, HETREZ L, F—MELVATFONKE
(Figs. 6G, M), % —flZE L /L O &K b EMOANEIEFE (Fig. TN) . AT
(Figs. 61, TP)B X VK%K (Figs. 6H-L, 7N-U, 8A, B) TR Lo
. RVZur—rn0%<ix, AMIICE T, 2RECEMMERSRO EEZH DB
E WS S o F MR # o %7 HEE A 5o 72 (Figs. 66-L, TL-V), ZTHh b
DAL . P BRICIE o 72 RD F FR IS E T 5E 4 LSk o /R BE A B Rk o T2
ETOREIZHKTIMMET, BHFTHHFIEDMABLITIELS, 77— D
RiImhnhole, ZTOnMANE =i, MieER COEMN RS K
AT AR, MMk, CNS BEXORKZ T TR, MHER TOEMRN AL
P THNMETHER I N, WE L0 FHETIE, RV F £ 23 K =R
N L LRI (Figs. 7Q, S, T, 8A), Z ® X 512, GRP @ Jk 4 # #%
TIEX. RV 71X, AREOFRFETIEELIBREORER TR NN, K,
FROBEMHBLE L OEKGOR R TEMO TRETHLIPE AbHR
o Tz,

T T EEARZI LI R FRIEVHE MBI AT ORNIKRE (Figs.
6S, TM ). —E L N L OK S EMONEERES (Fig. TN” ) JiFhE (Figs.
6U, 7P’ ) B X ONFE R LM (Fig. NV ) TEHR OG>, RV 71—V
DHAANRE —F, BHMBETRD 7o —r b0 LMK TH -, RV F

o % <%, PRI - T2 BSOS, BEHEMIZ OWTH D &Ik
IR E RARIC AT TSl L TR TIRWEHBICm R THoMm LIz, L L,

EHBIZOWTHAD EEFWEITRELRY . AWM X0 b EMTEVEKICE
T THA L= (Figs. 6S-X, TL° -V’ ), ZOHHF — %, MteE T
DOAEFND A TR ONTRE ., CNS BXOERK EFEBE, MikeRE ©oEik
DR TN EL IR T Ao, THRB XIOELSmET % Bk
CEHERBTREH EFWREITRRD 2D ORDO RV FHENBIE I (Figs.
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707 -U’ , 8C-E) ., GRP EFH OMM NS AT 5 FRITEHEEE LK o R
H 1k (Shook et al., 2004) TlX., Mfk 2R Z B U, RVOERR, FHiKEL &
OCIEEFEROLAEMIZBT 20D XVMEROLMIZEIT 26 OO0 EN-

7=, BRI TR TIT., MREEIR O RV 75 (Fig. 5F, )2, H» HFE O R

TR LN (Fig. TL7 =07 ),

3-1-4 R HERKHBICBITA I — 0 DA OEE
NIREEERE FAEGKRICEWT, AT ONKEIEICHKT 28 T
A E BEEMAIC RD 7 e —2 ok EH o, RV Ze— iAoz

ST, ThHH O, IFI& (RD: n=9, Figs. 60, 7E° ; RV: n=9, Figs. 6U,
TPT) XY LA ONIKRE (RD: n=7, Figs. 6M, 7B’ ; RV: n=10,
Figs. 6S, M ) B I OE %L XL O b EMONKEFEE (RD: n=8,
Fig. 7C’ ; RV: n=10-11, Fig. 7N’ ) TH 5,
TRELDTHOREMANMLEDLGME /5 TORD 7 v — 2 ORIT HE
FroMkeEcr@EL, EFERICB TS5 60L& FEIC (Figs. 6B-F, TE-]J
(rectangles)) . LR O N HESE IR 2 b < WIRBESEIRIC B 1T 2 b O L [F %
FnLh ETdHh -7 (n=6-11,Figs. 60-R, 7TE° -]’ (rectangles)), FZ T
M2 TORV e — v ORIFEFRICEBIT A2 E O L0 &<, IR
W CoMEITHR FIZTEBHE TCH > 72 (n=7-10, Figs. 7P-U, P’ -U’
(rectangles), 8C, D), TR FTOHRETMANRE TIL, &L X 7T, #HEH®
DM TOR 70— DOFEOEFHER Z7r—rOF & 0kIiE, EiFK
FRTOR 70— DRIZHTHRN 70— DROEEIFERLETH -
7=

BHICHMITTRERERLELEE RVFHFOARE~DODSZANITILD TALA
L0, EFMICBT 26D EEFERY, EMTHY, ZOUVNIITER
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LEMES LIFTWS SARTTOH 2 (L~ 3) (Fig. TN’ ) &5 =
R (LA 340 OFT <O TH -7z (n=10-11), L =L 4 T,
RV FFRITIEFIR E FERICHE M OBFEMER TR LN, EFREITRZRY |
EMTEY&mERTH -7 (n=7, Fig. 70, 0" ), SHLICHRFTEZBET LI
fEV . RV FER O Ao Ml CREMIIC IR Y (Figs. 6T-X, 707 -U" ), VL
N8 ETIEHAMEDY bEMDRDIT N &I -7z (n=6-11, Figs. 6T-W,
700 =S7 ), LR IBITENLDEG TIE. RV 7o — i3 ez s xR
TH - 7= (n=7-10, Figs. 6X, 7T -U" ),

EHEWORAMFONKETIEZ, RDZ a2 —r O BN EIZHMITHAM L, RV
FRITR R o7, THIZIE. AFIE(RD: n=10, Figs. 6C, 7TE; RV: n=8,
Figs. 61, 7P) | BB IO N KV AT HFONME (RD: n=7, Figs. 64,
7B, C; RV: n=10, Figs. 6G, 7M, N) 2§44 5%,

THEBLIOCZDOTHOREMANMLEOLMTIZ, BAHFILEENKTT S
bOO KR 2@ C TRVEEMKS R 57 (n=6-11, Figs. 6C-F, 7D-K),
FTHRDOIFEALITRDICHK L (n=7-10, Figs. 6C-E, 7E-J) 28, JH¥p

TIKEED RV FHRP/BE SN (n=6-8, Figs. 7Q-T, 8A),

RVFHEAEBAMA TR ONTZOE, B _MELHE MEDOT H G DM
DLRALOEFMIZB T TH D (n=8, Fig. 70), & Tz miF TH E % it
HDHEL RVEFBRIZEMICIZA D (n=7-9, Figs. 61-L, 7P-U), I #iZ xix
L T RD #E Rkt 138k < 72 o 7= (Figs. 6C-F, TE-K),

FR OMAHEOFREmM (L 3) T RD FHROATHD BRI
(RD:n=8, Fig. 7C° ; RV: n=13, Fig. 7N’ ) . HZR O IT FIT RD I
JR L7z (n=7-11, Figs. 6N-R, 7C" -K’ ) 2%, H#EHIKR (20% RKiiE) D RV
rm—rBnLrN 4 OFMBIOPESHIZEFOLXLOMMTHED LI
72 (n=6-11, Figs. 6T, W, 70° -V’ , 8C-E), AR COMEL EE L7 11
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HEETORT, RVFRELIBRE STz,

EHEMRTIE FRELBTCR)FHFOALD A S (RD: n=7-11, Figs. 6A-F,
7C-K; RV: n=7-8, Figs. 6H-L, 7N-V, 8A, B) , @ TDOL LT, WM T
DRDZ7 B —2DFRERDODEITOLTNTH -7 (Fig. 7C-K),

BRERBIOCHBERE FAEFETCEX.RDZe—rEWEHOERE THERIC
BEe: 9 2 Ic iR mE TS AL (n=7-12, Figs. 6N-R, 7D° -K’ ),
INOLoEEIE, RBEMRBoRBEMBEAB AT 280 6 FM5 MK
7» - 7= (Figs. 6N-R; Fig. 4 in Shook et al., 2004), £/, W27 o—
Z. WMo To - CTHRESZ (RV: n=6-11, Figs. 6N-R, T-X,
K, 00 -V’ ),

FRAFH TR HHEMROERF TR Z7 28— ORIFEFEOLD XV E
VRV 7 —VvoFRFTEFEKRDO S O LD KA o7 (RD: n=7-12, Fig.
D’ -K’ ; RV: n=7-11, Fig. 0" -V’ ), WFhorZo—1Zo50nTh, i
MHEE TOXKF TORDEITR ST TRE o (Figs. 7D-K, 0-V,
D’ K, 0 -V’ ),

FEHIMOLEKREIZIBWT S, RDZ o — 3, BRICHET S2EBICE N
T, MR EF-ITIEETIFLAEEHAE L IBMAKOLETCTCHRINTE, 7
L, ZORFTEMIBIT DD L VES, HEE RN - 72 (n=7-12,
Figs. 6N-R, E* =K’ ), RV 7%, EHEHOZL OB 7 CEHE MR 7 1
— > THY (n=6-10, Fig. 70" -V’ ), Z ORI EHF KO FH M KE (Fig.
T0-V)IZH# L CTEmda o T,

A RERICB T 27 v — o0 mix. il AR oG R6EE & FRICEE S
il AR T, ARESJITEFROZNA LY $EmFOR 7 v — I &
S>TE®H SN (n=9-11, Figs. 6C, 0, 7E, B’ ) . AIJFEIXEIC RV 7 B
— IR L 7= (n=9-10, Figs. 6U, 7P’ ),
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WM TIZ.RD 7 e — T ARKRE RRICOED FRICHET 5 HEK%E
7z (n=8, Fig. 7TE-K), Z O b 7z, KBOMBEL B AT 5 HEik &
Dt G TS IR Ao 7= (Fig. 6B-F; Fig. 4 in Shook et al., 2004) ,
W FROFEAERTITAMMAEEH ICHOML, WM FRITETOKF THE S
M7= (Figs. 6B-F, 7D-K; RV: n=7-11, Figs. 6H-L, 70-V) , Z D7/, =
DR TIE, HFRICHEET IR FTOR 78— DRIT, KL L THoOK
T LV b Ko 72 (Fig. TP-V),

FRIORMERFIT. 2O LV OKE O ERHEEE FEKE, D &DO RD F#
EHICEICRV 7 =2k 557 (RD: n=6, Figs. 6C, 7TE; RV: n=8,
Figs. 61, 7P) . WT N OHFEKTFFHFH., EMAEE TIETIEEALERLA RN
> 7z,

BIAR B & L IRE S FIE IR T, RD 7 FR X AT 5 RE 00 5E 4k oo Wl IS R
THALMZ,RDZ o — 78 40% LA EoRTEHD D EEIT. /7 » 5 E IR
CBFALOL D DL NICHEITDOLRALITICETELE, ZhH0D LN
VT RD 7 v — g eI, ZM TEERBERICR ST L.
AR eI kA (n=6-11, Figs. 6N-Q, 7D -J" ), RV 7/ @ —>®
ER@EWEEEIT, AUE Y ERAEETH LT MER > S WA T
ZET RN %I E ThRAL (n=7-11, Figs. 6T-W, 70" -U" ),

O ik S & o0 A5 X IR E R & FLRR I RDIZHI 3 L7z, M RV 2 5
t 20-40% O THJE L 7~ (RD: n=6, Figs. 6N, 7D ; RV: n=8, Figs. 6T,
707 ) .

EFKETIE, RD FRITAMO/ G EMERIZEHERTSALL, ik X
OCLEEZRTIE, £7e—rv 02 TAMTELNT, LAV BB I

CHT T ABLE T HI1E L. 40% LA L@ RD 7 v — o fE R T IE AN AL E L AR
NHHEHFICH KL (h=9-10, Figs. 6B-E, 7D-J), X FMIZ, HK T

30



RVZm—r gt Elix, AR O HF S 2 LT 28600
%5 emIlcE TR AT (n=7-9, Figs. 6H-K, 70-U),

DRSS OLEMIZT, PEDORVFHRLELDRD 7 r—r bR -> 7 (RD:
n=9, Figs. 6B, 7D; RV: n=8, Figs. 6H, 70) ,

BEEHEAER FHKE TR FHROFIIRVFHROELY &AM THEL,
EMTIEENr>7-, £7-. A TORD FHORIZ, EFMRICBIT D H DX
DhbEMMholm, WTFROMATH, RD 7 v — k325 RV 27— DR
HAZT, EFHRICB T2 LHEEE, LV 1LE4DB T, FEALERL
T -7 (RD: n=7-8, Figs. 6M, N, 7A” -D’ ; RV: n=6-10, Figs. 6S, T,
LT -0 ) . 26D L _NATIE, MERTOR Z o — WMl TORDE
RFERVIZE—r X E0BEET, EFRIZBIT S0 E T,

EHMWTIT, RDAFHOKRZT, L1 & 4 0B TIEWHM T, RVFHED
BLb@Emhrol, EEZL, MFHROZIIFTAEMTR N, HMTIX
INHDOL_ILDOMT, RDZue—rDRER 70 —rO0ROEESTITLE
/A ETR L ToH > 7= (RD: n=6-9, Figs. 6A, B, 7TA-D; RV: n=7-8, Figs. 6 G,
H, 7L-0) .

PR RRRE FEET M TIX . RD XA M Atk ds O E A oo I AR fE B T 35 EE A
MEREIER & L CEHR®MICI > THM L, HMTIE. RD FFRIZIEH K L& [H
BRoONEZ = ThHMLIERN, EFMRICBITL2HOXVFIF2»2>2HFMIC LD
I Rbhiz, RbHEMOMKEFTIX, RDFHRORIT, Mz B TLYE
MICMETIHEFCBT250L0D 0V SAKL (n=7-12, Figs. 6M-R,
787 <K ) WL B 2D RVFHEN RS (n=6-14, Figs. 6S-X, 7L° -V’ ),
A8 W TIE, 5% LEDORVFEDZEMOK FIZTEBW TR ST
(n=6-14, Figs. 6S-X, 7L" -V’ ), ZTHhix. MREKEORHAE TIZH & TIX
72 7o 1= (Fig. 5F, H),
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ZEMTIE, RDB X RV FfRiTEKFTHRIEB S, KD ATH 2> EMN
DFIEE.RD FHRORDGEN-T, TOH, RDFFHIF, L1 TO
BHEOKRFEBLIVOHEBERZEBLC TR OBEMNORE O FERER 7 0 —
Td » 7= (Figs. 6M-R, 7 A" -K’ ),

IER M TIE, RD (n=6-10) 3 L O RV(n=6-8) 7 = — (T, #M&&AMIZ I
THEFMAR T, £ EIZEMB X OEMEEIC AL, 40Tk
RDFHDIZEAELERVFHFROETHRALNTE, RDZ v — %, 24 1 T
RS, M, @EE, LXLvel XV FoRFH., BLXOZIh2»b ke
CEMOAERIZEWT, #FIFLEHMTOREZW RN L b EERMHR Y
n—y& L TCHEEINnT (Figs. 6A-F, 7TA-K), RV THRITHM#EaeE 2@ L
TRLAER, FRHEBICHBRIN, ALV bB T TRIEG Lo, F
2. W 60 F TP BEoMABMNR 57z (Figs. 66-L, TL-V),

EFRBRFMROLEMTIT, RDFHDOS AN, WMWK (Fig. 54, C) &I
B0 AT XM OGS TR b (Figs. 6A, B, TA-C),
AP O FEREES LT REIY bR FOV O EHAHE FTH . RDF
A 5% K D FE TH 647z (Figs. 6A-F, 7TA-K),

XE FHEMETIXRY FREREEEICHOMA LE (n=7-12, Figs. 6S-X,
LV ), AT, e O - ITIEFERIZBIT DL DI
A7 L7, 80% LA k> RV BEFK %R A T IX . £ 7 MM BRI A B L7
e m W RD R A2 R 978 713, BICET T EMICALE L7222y, IEF BRI T
b0 X0%ITHOMEM G mIZ kAT (n=7-12, Figs. 6M-R, 7A° -K’ ),

M TIE, RV FHRITEBAEE -T2, 512, 80% L EDORDK FILA M
CRBTZ2LOX0 ILICHFICETCMHMBEBL, LRIALSBLRINEV %S

e o7 (Figs., 6S-X, 7L -V’ ), VL X)L 1 OB XN ITF

i

EAER O A FE L, m RO RD & 7~ 94 Al 5 E AR E I s & e 9 %
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L LT, IR ERO RD FHEA A B (Fig. 7TA7 K™ ),
EFETIE, RV FRIIREZOAGMERIC oML, A TIE, RDB LT
RV 752 DT & A EN A Lz (Figs. 6A-L, TA-V), RDZ m— 2R/ b
DR THHE O 2 THRHE S (n=6-10,Figs. 6A-F, 7A-K), 80% LL E® RV
E AR LR O 2 TH 57z (n=7-8, Figs. 6G-L, 7TL-V),
ER T, MAETH2E#HRFHEB. RDO B OIT> W TIEETHEM T (Figs.
6A-F, 7TA-K). RV @& DT DWW TIIMEH o EM T (Figs. 66-L, 7L-V) i

b,

3-2  8ififl fed A 15 (I FIBK 00 Bl I HE BN BR 2 B AE L 72 IR T D I8

] S BR - $8 0D 1 iy 28 B

Kageura and Yamana (1986) O | ER Al £ B < IX . &M E BRI L - THE M

ERABEBRZT-HREIEERZERL L, T0 _KEO#MBEEIBM SN
BB MERICEVELNRTVWD IR RENTE, 20205, HA
FEREIFLVWAYV T — v a VIS L TRAET LI ENTE RV LM
ENd, —FH., BAFEKOEMOAE~OBHEIL, NF— U JBRIC KR
727> o 7= (Kageura and Yamana, 1986), &% %k 23 35 1 % &k & o 8 A F H

CEVEMEEETLINEDNERHLNICTT S0 8 ke ] o il F Bk
OBICIEMEFIRZBME L., FHRMBEZEHRLEZ, ZOHMOLZD, MO
BRI A AER L 72,

— FOBREIT. 8 MM X Jaevis B A B K 2 By A B L O
MBI EIER O Wb MIARE b L — % —Dextran Oregon Green 488 |
KU L., T E\EBO 8 MBIt 2 8 o5 ME B L E X # R
H DO TH D (Fig. 9C) ., ZORICEB W TIE, B & 7= 28 B E Bk o 35 18 .
EHEOAYVZrT—va 3L Tnd, TOBEKDOEZ X, EF K
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WNE— R FFOR~EHAE LT (Fig. 9F)

Fig. 96-11%. L oBMEIKE (Fig. 9C) B LU X Ox BIE TH 25 £ I Al
#EK (Fig. 9A) F7 XA EMEIEK (Fig. 9B) M L EFIEE X7 —
v 27 (Fig. 9D-F) FTHRAIE. MU L. Hig L v ok
BERLELDOTHD, Fig. 96-1 Ok, AFHEMEIRO 51X, 1§
FHRANTEHEMIELEENTWDLZERHALNLTH D, BAHEICHH WL RE R E B
OFFHRIFT. EFRICEBOTIE, BEMERRZO T 82K TIEETHEMIS
SA L. BB~ AT b hhole, DEV, FE~ODS AN LR
ODONT, KETEHI< b, MRETCIHEUMH COLIT2RSANRDL
NHOHBHTHolo, BMAMTIILOCLHEME Y oEBIZE#RS RO, AR
ETEHEMUMHBICOLTN RS2 AR, BRBELOCEROLEMTIT, KH
BB AN A b7z (Fig. 96), — . BHEFER TR EI N2 4 B ME K7
I, EFRICBWTIE, ZEAERAMIZHm L, MM 2L
DIz, DFEV ., FROLELARE., AEKHEl X OL MM 2, ik E
ODEY bR EEMERB I OCLBOLA Yo TEZRS AT, Ml
WBEIONBEOLMA, BLXOREOLEREMUM & EEMmIZHL S A
MR O (Fig. 9H) . ZMBME 2 X T2 RICE W T, BHE I L7 £ 1E A

BB FHRIL, FRBIOMBREOLMEN, ARG ORI, FEMEB X
OCM oMM E SO, o, MIROEGEEMH., AREOCLBFME LT
MGEH, FlROFMER . REXOLAEMB IO ETH THL R o (Fig.
91) . L EofRIT., ZHEMAFRPLEEMNH KR LEEERZIONATL L TH
filfb s, KREOLEHFMBEERNZEDREEMDOZL EZEBAT DL LOICE
DIEMNERINTZIEEZRLTWVD,

HO—HFOBMEWIL, BOoRaMo RS X laevis B3O X laevis
& X borealis DR (6-1 Z W) 2o Th 8 MEBICEHE I AH

34



BEL., MiFEMAebbEEXF AT TH D (Fig. 10A) . T OMILIER 2
FIBRKMRK 2 F o, BFIEROEBEBIIMD TERFTHLD, 2F0D ., HHTITH
Wy i A5 ER & AE W A A R BR A 18 2N B A i NE A ER & AE A I D ER
FlIETETHmALA, BATH P ICEZHEZOALTWVWDS, 207D, *
ATRIFT 2MoOBFEMENEREL THM) oAHTERS TEM] CvHFEH, 2 [
OEME R Z THEM ) & FEERIC THEM/] bR >, X Jaevis ® 2 HDOF
PR TZOFEDOF AT HER L& &, 50 HIKD S5 H 43 il & TR M
£ 51 TWwd (Kageura and Yamana, 1986), Z DX X JF R TOR AL, &
ENEDEE. 2 HOBEDBEMMEIEROL 2~ IOV T, HIKTHOK DY
o4y TH Lz (Fig. 10B), ZHHLDOHDITE AL EIX., BB D
DEMMPEDLI o TBEEW~ELRAEL - (Fig. 100),

Fig. 11A-CIX, LERROX A TWE R T — U 47T (WKW EH) T TRAX
THLNLEEEROMBMO A 2T 270 @l BRALBERTHREL
b ThbD, Fig. 11Bi%, Fig. 1IN TR OIS “HOMRE L HFRKD D
L, AMICARZD2bORIERINTIH Y, Fig. 11C 1%, Fig. 11B O MRHE
DELEDOWBOILRKK TH 2, HMHEEDLYIH DL OBKIT. HFEEH
KTHDZELERTHIEOEREZRT, ZHICK L TCHEELEDOL ST
FOEAIZIEEA LR NV (Fig. 11B, €, FHRIZZ 0 REHIC TR
LTk, RaoEWMHREDBICAOEOEREbNTL, EXHn D% D
BRI AN o, Ao ihonzrolc, LU, AHAIFEEIC
LOBOBES ERF OB A LN D Fig. 1IBIZWL BAKMBRTH LD
MREEOMBOED N LNIXEAOFEIHETE RV, LrL, &
KT Fig. IICO XS I MAOAMIIEGICHETEL. U EDEDY
FRBILOMWBREO ZICLEAMIZTHEREROMBE 2 D> TR, AM1E XL
laevis DM PZERMICED -, BEERIT, Fig. 1IAD X S, DK
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g EOMICHBOBEZ/FE>-TWVWD, Zo0RZMAMIZE > THD D
NLO2EROBERIL, FMEEO{SxOhREHE-TZ, ZThix, MO RR
SemE (FAEBD X laevis EBNERRBERRERE~T 0 TROT L
E) mbEonk o 8 AR AEMA S E TIERLEF AT
BWTbRAbon (G, REXK) . Fig. 1IBOHHMEE TIX, E¥ 01X
MEOMBCTELRTZ, —FH, Fig. 11A TEMICR 2 2 & ik, =
ODEFRITYETH L, ML, H¥oidEEMlzEzAs TWE, 2o, Z
DR RIT. FUEEROBEICE LN EMEI RO 71X, Fig. 11B, C D
A RO MR A T AL X A 72 BE B ER 1 £R e o0 B R A RR T 2 0 MR Y T
ST BMEIR AR RO IET 670 E 00, ENIZHEMIL TY

HZLEZRLTWVWD,
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4% WMEMEAEIAERLERBICH > LBRETFERA
5 — v O W

32 Al 1 AE R 0 4 {8 o 35 0 Sk E R TR IR O A — B A P — D KR
5y % W4 % (Bauer et al., 1994; Vodicka and Gerhart, 1995) ® 2% L
4 @ o B EMEEROIZTE AL EIEX, REITS AT 5H (Dale and Slack,
1987; Moody, 1987b), A — W F A ¥ — Mk 3 2 ML, JEEH A D
FOEEHMCOMRER%, BB FmicBe L., T A — VT4 F—H 250
ERER A — T A —& LTk L. &40 gsc & Xbra Bis 1 % BB
L. T E0BEREFMONNE —=2v 72857 % (reviewed in Gerhart,
2001) JEBHERBHNICh o T B FREA AN Y — UM EMH BRI LD FES
NEZNEIDERET S0, 2D 4O EERZMERE L
— % —Dextran Oregon Green 488 THERk L 72 4 {IE o> &y 4 i JF M ) Bk T @& =
i x 72 (Fig. 12A) . MZRBMRZEH £ TRAESE, BEMBICEBIT 5 gsc
& Xbra DFEBL N — v BPAE L (Fig. 12B) . fAEICY - THWIT, [
ESN, BHRMICH TV Toh, 56 FTHENY L —HEEAENHE
A&7 (Tables 3, 4), JRGMIL, gscloxf L Tix BCIP (F ). JXbra
(2% L CIX NBT/BCIP (% 4) | Dextran Oregon Green 488 Nk S h 7z

FIEK D+ $RI2 % L Tl Fast Red (F) (Fig. 12B) 2z W THA L, T
X, gsc & Xbra OF BT IERT 2@ PHEBE TITAEAWIZHMM THY | Z
DREROEHEOEAGLEN INOOBEBEFHRIAANY - ZHRET 2 DITK
LEYTHLIDOTH D (6-2-3 M),

C OB TIT. B S 72 B 4 M A E Bk IR o M i X, 5
MEO R L UM ED —HMOEBICS AL, LiZL, TEMEZR L
DB b AT O W IR (Hausen and Riebesell, 1991) Tik., ZANRE® L
Nighrol, ZOZ&iE, AEHOMFBCEMSIER RO N1k
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EWV ) fE SR (Figs. 6U, 7P7 ) & —E T 5, AWICHMA 7R gse & Xbra
FEEE L, BRI TWMPREMRBOIFZEALASABICKHIELE, ZD
DB DOEMPBHNY - T, EFROLDICERI L, Bl D, gse B
A G CHBLL ., Xbraldth 5 CH B L (Fig. 12B), AMFRICB W T, BiH
SNTETERKRFRICBWTHREFTMICERFY o7 gsc & Xbra O 3 Bl X
A=V PNBERINEZZEEF . HLVARTHD, SHICINIE.MDIRY
BEBAHEOKRMEZ HNEBESCHAAG DR ERICEBWVW T TERKIC gse
MR LILZILEZRTRNORE T H D,
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B5E MBI X DHABEER RO FEE OB

HIRTET RIS BT 2 FHE A Z 0 53 2 720 8 ¥ 5 l (AD) I Bk
R E LT (Fig. 130) I 2WTMREBHA T/, 2OMREHWEOIL,
LTFToMS>OBHBIC LD, (1)FRELE RRARFR (CNS) 1% £ 273 56 Ik 5E M
Mk CTdH D, CNS ORI S (D 88%, HHE D 54%) X B¢y 4 45 (1 FI 2k 12
kUL, REDZLL (66%) TEHMBBEMBIRICERST 2, b, Znb oMM
X, o REBIH (79%) NEHmBE KB K TH Y (Hirose and Jacobson,
1979; Masho and Kubota, 1986; Dale and Slack, 1987; Moody, 1987b, 1989) .
AD FIERFFR 1T T O KE DK 40% z 5 % (Dale and Slack, 1987), (2)
SREINH o B W i BRIZ ORI RN EAT T DI o THES A~ BB L, R
e A ZE U0 CHRE, NRELZAAAL, ZOFEH TR Y — LI
ETNnsd, =R —OMOINREMIBOEFHEIZ L DEHMEOE NI, FEF
ICFE LB SN CTH Y (Hausen and Riebesell, 1991)., 18 © 5 A3 g {i
K0 bLEBMEN &V (Keller, 1978), (3)8 a1 Ik O F & 4 IR IE FI ER 2 T
XL EZLIBRVWTEROIBLIEFR~NERAETEDLOF, BB EIERO
o ERWERTHY, 2L EOEEO T ESNEESIKZ R & HNE
NI IREL D —HBEH L Z&FE L 5 (Kageura and Yamana, 1984),
(4)CNS 1%, MlEMOMEN R bEALTZHBETHY . 2MBEH 25 512
ol £ TCoMFENITHI TV D (Jacobson and Hirose, 1978; Hirose and
Jacobson, 1979; Jacobson and Hirose, 1981; Jacobson, 1983; Sheard and
Jacobson, 1987),

ZOXRBEWR T, BmBEM AV EIERKIX, TENSARERKO S Bk I
EHERL LD THD, AETIE, 16 MR EFWK (Fig. 134, B) & KB
(Fig. 13C) I 2W T, AVEIERICEJ L., CNS L RRICMET L7 1 —TF L
RAA Yy (1 HOMERRICERT 2 FHROSME) ZHRLE/FHREY R
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I 5, 16 MBEPEIZONTHELZDIT, RETIHEEFRIZENTDH 16
MM F R FRODMPA LN SN TV RN LI K5, 163
EER D 4 BRI oW T, (Hirose and Jacobson, 1979) @ fy 4 ¥ IC it - 7=
(Fig. 13B),

ETO AD BlIFkZBRELEZMWIZ, EFEWRO 90% L EOKEZFEFL, B4
IR — v (DAL B) R DA i~ & 384 L 7= (Fig. 13D), Z O =X, HH
AT N>R TIX 65%, ML —HF —E ALK TIE 24-26% Tod o7,
TEHEIRRILIZ S OMBICSALERN, TIZTIHCONS EREICBTH/HRD
HwmENZLI Figs. 14, 158 X W Figs. 16, 172237, REOHEKIZD
WTIEHEAELAFIEKRMA T/ —FT NV RAAL VIZHERENBE DL N &2
5, UToFHATEEAEZRXBI L, 72, AAFEKICEALLESL O L
L TH=RT 5%,

FEOEERICHKT IMEBO 7 2 —F L KA AL X, CNS, BEOWT N
BN TH, DI NICRR o, o, ElkME E FEEBMEORSE D,
E2TOWRTHR 7 (Fig. 13E, F), 7 v —F /N KA A ORI, 3 EH K
BT HHD(C,D in Figs. 14-1T) N EHMWIZEIT D5 H D (A, B in Figs.
14-1T) KXW R&hote, LrL, iR TOI v —F ) R AL DERIT
TFUHELARLOTIE L, EFRICBIT S D70 iR E Cifil B2
MELNLTWE, ZOZsiE, FXxDORICHOVWTDHODIZa—F LKA AL D
#i (A, C in Fig. 14-17)FB X O EFAEMKIZ SV T OB S 772 15 5o
Doy L TxrEND (B, D in Figs. 14-17),

EFUVEOAMEICEY EFKEONS BIOERRICKEIT A VI.2 7 0 —F
WAL OMNMEOHEITRO N Do (T —20) . 20D, E
HRIEIET YV VIREFRFOMICOWTHT L, MERKEZ, KXEHEOHE
MWICE D F 5 L LITRT,
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5-1 Kbz T &K R I B i 8RB BRI KD Al
BEahbd
EFHMO CNS TliX, Vi.1, V9I.2 F+H O miTWnT s E AMIZERS v,

Lovb 2o, VILL FHRIE&EmFE. V1.2 FRITHRE R OTMO N
Mgk &, FHRICRERONTZE D THo72, —FH, FHEM TIE, CNS DT &
AEF VLI BIOVIL.2 oz —-—rTohEdbik, #AEMK CNS ITBIT5
VI.I BEXOVL.2 OF T WTFR AT T L% GICED | &2 JA LT
WA ER VAT LT~ Figs. 14, 15 ® A, CICH® T AHEmHmED 7 0 —F
VR AL T, 3K E LT,

V1.1

IE#H M (n=b, Fig. 14A, B) S5 H{KD 5> 6 4 kT, A & O Mk 223
#& M (telencephalon) @ E A O B MIH £ 721X T TR & vz (Fig. 14A
DEMEBIOFRBEEIZOH), Z K5 72E#H#IL Hirose and Jacobson
(1979) £ 721% Jacobson and Hirose (1981) TIT#H &5 S TV 72 W23, Moody
(1987a) T IMME DS H 1 fHETHESNLTWVWD, Zab 4flliED 5 b
2R TIE, D EOERMM A RE O M EK TR 57 (Fig. 144 Ok
MEERZOF), 2085 RBWMAERNRE#RDSD E2. UaTickESIALTWVD
(Jacobson and Hirose, 1981: Moody, 1987a),

i i it (n=5, Fig. 14C, D) A TOMHEME TZIOFEKD 7 v —F L F A
A IS FBEE CTHEM P LBRICH > THMA L, 4 8OO K TIE
MBI EAMZ T TRIFEFEAMICH A bz, Z O 40O 7K
e OVH i o0 7 AR C 0, A R B X, 3 fE K (Fig. 14C o 72 M & IR 23 % o fi)
TIEZ0IFFEa %2 1 EE TIETEM & O L EKE o7 (Fig. 14C O
SRR ) o FETE AR T o R L RITAK S & O I oo RS A B A RIS A A
T, MICkVW Rz xRm LI, Y O 1 {EK (Fig. 14C @ 4 7l & &)
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THE EEFR A I X E A O A TR S A Mo 5 K OV [ 88 802 A2 & LT,
A R HE e 0 BN A3 JE AR L BRIV > TR GICEDNEE THRL 2T, i
DETHWL BB ol, 3 HORTIE, ZOMBINIIIKI D FHM O %5
EFTHEWVWTZ (Fig. HCoOHFREBIOLGMEAELZDOH), 2O TIL, Z
DI HFR O F R KO GEH TR L (Fig. 14C o ZMHE K2R 2 o fF) .,
V1.2

iE MR (n=6, Fig. 15A, B) & TOKRT, E#IRM TR, 4 {#
O R T ORE Rk M ML X B (isthmus) X VW b % F TR L L. ZE K
(rohmbencephalon) & F# DO HF M B IZ R b7z (Fig. 16A O J R AE K2 %
DOF), Y o 28 Tix, EEREEIC & o T fE Sk T B Bk
Fa 25 B & vz (Fig., 15A O A MBI E[MMBEERIZDOH), b 2D 5
b 1 (Fig. 15A O ZEAAE ) TiX. EAM O M MK (diencephalon) & #& %
OEMEILTH, DTN REBPIER SN, ZOFEBONAY — %, @
EOHEIC BT 5 (Hirose and Jacobson, 1979; Jacobson and Hirose,
1981; Moody, 1987a),

i i B8 (n=5, Fig. 15C, D) GHEIMR TITEHREICEIT 26 D LRI
CNS OFEAMBEME T, BN O AT~ O ESMIE O w2 o,

ZOHERDO 7B —F NV R AL CORITEERICE T 26 02 LT EM
FWMIZIRrole, £, ZTomiE, 2 OEFWTITEMN £ 7239 MK
(mesencephalon) TH B 7 < 72 o 72 I %k L 7 i I Tix 4 T O IR T il i
CETELLE, AHORT, ERKITEAMOATE LN, D55 3 #
KTk, BFHMOZFTH CIITRBMAER S, % EE O BN o a iz
EHRAITMOBEM O RKIZIT S Wiz (Fig, 15C O A AEER 2N Z DO H), 4 H O
IBHEY O 1 TIX., CNS O I fEIK O A2 IFIE 2 EHK S iz (Fig. 15C
O L AfE K)o L K (Fig. 15C o> /2 MIE ) T i, A% 3k A A 1 v A ) 42 8k ¢
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AeohlzlZgch, FFEAMNOMEFHOBEMER CLHERINTL, £
O AE SR FE I O FETEAM O G ORFIL, BEMAIE EE P BRICE DSV,

5-2 REDODI7o—F IV AL VIFEERIZIBITAH DT
Ll %

EmmERIZBWT, V.1, V.2 Zge—rDoWnWIndy, +ROHAMD%E

SHIHEAMIZE S VILL 7 a— v [T Z B < Ko JE 5 &4k ic, VL. 2
Jm— 03Vl 7= X0 b EM OB oA LT, J R R I BT
278 —F N RAALVDOMEIZ, WTHUHIEFRICEIT 560 & IEFITH
o MAT2MEEEO 70 —F L RALE, VLLLIZOWTIEWT DR
T 3fEMAE (Fig. 16A, C), VI.2 IZOWTIEWF o s b 48 & M 4& (F &
.6 fEK, Fig. 17A; FAMEIAR : 5 K, Fig. 170) & L 7=,

V1.1

IE % & (n=5, Fig. 16A, B) ®TOREART, VI.I1DOZ o —F )L KA A~
., HAMOKO R HFEMHT B LI OIEMAEZR 2L SO, LM JEH
D IEGEEFEIE O IR S I R L D2HEN R D KE Do 7o FEEAM TIE
ki, RToORTREOEMORVEBICE SN, £ OomEBiE, &R
MO OEAMICE TRSFHAANTH YD . RIZK > TRL -T2,

A #i i (n=10, Fig. 16C, D) FHHMIZHB T HZ0H KD 7 7 —F L K2
AEF EFRICEB TS b0 BRI, ETORT, FMiiTi by
A E s K LM AP 2 R < EAM BB ICHm Lz, EFBRICBT2H0L
FAR IS, FLPI A BH o IR O J8 S T EEIC L K& < B o7, 10 fA
Ko 56 8EMAE TIx., FEHE A O FETEE 2 KL JE B £ T o5 I8 A7 585 5%
WSRO, L. FOEBRIIFEKICID B o,

V1.2
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IE % W (n=6, Fig. 17A, B) & TORKRT, ZOEKDZm—F L KA A
VIFEAMOBZICMEBL, AOLE THEMEEB IR I hIcER D RO K
JERIEBICIR > TR b2, 2 PITIE, HBOBFME oV EFHR I N2z
(Fig. 17TA DL NS 3, 4FH OEAAK), Z ik, Masho and Kubota (1986)
B KO Moody (1987a) DFERIC—H T 5, O i G LEMEKTIE, £k
FEIR T B 22 S L E A mic 227 T, £ O M OB R 23O 0%k o 5 i
eIk ol

A #i it (n=5, Fig. 17C, D) ®HHEHIKICI T D Z ORIEKRTF RO H MmN HF —
E. HE ok bEMOWKERE, EFRICB T2 UL, 2ToO
AT rZ7a—F L ALV IEZEAMOBRBICHHNEL, AOLE THERMEEE
FOZhicHERLIBEORBAEFHICRONTZ, -, OhZzaBEMEEk T
T, EEREEIEE 2 S TR T, FOEMOBER NN DK
DIFANCAR 2 2R 7o 0z, BHER O A b 5 o W ix, 2k T2 o FER
srm—rThooni, Thix, EFERTIE6MEED D 2lMETITADS
NeEnholzbDThd D,
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HOE MREBFICETIHLVWEEDORE

M EBBICEAT 2 LW 5D HFIEZHDNTHFT L, 2 a2z L,
F—mld, 77V ATz VMR E AW MRBEREDORRIE TH 5,
Thiébaud (1983)iX. ¥+ 27 VU itk THEBEL, HAEBELLLLE X, X
borealis DL B OESE A HEHoDIZxt L, X laevis O F T H —IC
HNEERETHIETHMELIRNTELIEE2HLMNIT LT, WHE OKWITIHE
AEENZIERCUTHLIZENL, FATHWEERT HZ EITLY, I =
WREICED ETCOMBEMO AT A LTHHAETHDL, LIL,
X. laevis DIF DO ELRIX. X. borealis DTN DK 1.2 FTH v, Eko
RESOLMETRLRDZZLH, MBABOHKEZFEEIELZLTHFAT %
ERR LTS A HIBROBR I DN ERE &R0 EROGEMEDNEFIRIZBIT S B
DEFRFLITIERARY, ZOIOREIOHELZMRHEST D720, X laevis
DY Xt U, X borealis OF¥ ¥z %t ¥ MM Z G572, MMM IL,
X7V YA EY | X borealis TR ZBOMRE R L, X laevis
ML XB T, MEKIZE 3IEI-20F A THWIMERICHB L., AHMEE
FIFL =,

HH — T, MBI E & insitu ~NAT VXA BT — a &R K
HEORBETHL MO ZET D256 MIEBEE WA T,

Y

TAT
“o0ntby — A —BEFICRTOIEM E insitu ~"NA T VX AE—T
SV VWAVNAEREMETHEICAERERE L L TERL, L L,
MR BBF & — 8 insitu "A TV EXAE—varElAGDOE TH KT
TOGBEMS DL HFILEEF, 77V VAT ATEHEINANETICERZEINLTY
Rinole, TOODOHEFFELZEEHILTLIILET, T zAEL LI, K

EiX, F4Z20FERICEHL., Toa M2 EIFEL =,
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6-1 Ml ~—H— L L TOT 7Y BB )VHEFED

FH
Fig. 181X, &+ 7V Yt X7 X laevis, X. borealis I J ONHFE

DAT =T b5 AENBOKEERT, X laevis O (Fig. 18A) 1X¥—7¢
W AT DN, X borealis ®H O (Fig. 18C) X, i £ ® #H A (Thiébaud,
1983) i@ Y . ZHOMR ZR"T, MMBMOIZ. X borealis & Rk DY
MaEREEL, 28OS %2 /Rxd (Fig. 18B), Z O Z L X, MEOME N X1
laevis DM & XA TG ToH 5 2 & &~ F, Thiebaud (1983) 1%, XL
borealis D IRIMERDEMN 17 b 21 MOEEERF-L I EE2HMELTWVWD,
ARFFETIE, “IEDShAE (AT —V 55) OHFEORHEB L O —IED A (A
7 — ¥ 55) OWENE., M. M. M., REIZOW» T, £ 450 8 O %
BHELE, Z<OIE. 1l S0 15 b 160AER LI, HESE (2
7T — UV 55) Tk, ~ oI bDOMERICHOWTHK 400 oL HFHE L. F
12 6 15 oA N2 SN, MEOE OB A OBIL., X. borealis
DENEEE LT, HATFLRhoTl,

bz tnd, ZOMBBOMBN X. laevis Dfifd & KB ATEE TH 5
ZEDRHBMNE R ST,

6-2 _H®Hin situ "M TV EALB—T a3 LB
MHASLE-E2W =®HA
T 7YV RAT VIR E —BROAT A, FE insitu ™A 7 ) XA

P—=yarrokod o046 LM BHFOZD0dEX, EHICMZD
bDOTHLIVLENHDL, 77V AV ATZNVOHEAMBITARZ S DN,
TR ZBIET 2FEBREZITOBRICIE., Z0AFRITIERMEZ R ST H-HITAR
AR DTHD (Fig. 1) . 2L, ZO®&FEIX, in situ "4 T VX
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A= a Ot ERLLEIICHFERNLERD, Zod, ERILKE
EHGEMPFIZ LY, AFEDOEAEIT S (Mayor et al., 1995) 2 &%, Fiiff
REBEREF RN LA SN O WTHER Y 7L a5 57201201
AARBRBIETH D, 20D, FAHICL THEABLRV, 2AKICK
H-EPEmEICOVWTHRFLE, =T FPUVICBWTIX, =& insitu ™A
7Y XA ¥ — 3 (Brent et al., 2003)X° 7in situ ~NA TV HEA X —v
gL “HEHPIKY M (Lopez—Sanchez et al., 2004) D= H D E@IEIT LD
SEREAEMREI LTS, L2L, BHICHERT A0 FOBERIER
FOMROMEIZLY, 20D FHEOT 7V Y AT ~05H O &
IAHATH 5,

T 7Y B AT T NZEB W T, Doniach and Musci (1995) (X, =& insitu
NATIVEALAE—varii@BlEzEAadbELTEERE L, #D5
X, BERIEICK S =FH insitu "A T VXA EB—varrmpe L —H%—
FBEMEALCMBE FRAbOHREEHRET S HFiEEZHwWE, Ll 3
OO TRBEEERT IGMOoBary T A MIHETIEARL . A/
DNTNOMAAEDLEICOWVTERBITIHRTII R o7, S HIT, oF
FLEFUARELEY T ATOBEN WD, = 2D B 2B L7
MBRUAOMB O THRIELTWDLZ L2, HEICRTZIENTE R 1o
7o D7, Jowett and Lettice (1994), Knecht et al. (1995) ¥ X
O Sive et al. (2000)®» — & in situ "A4 7 IV XA -3 EBLOY
Jones and Smith (1998) DM BHiiE 2 b LT, ZEHEA O BEIIZHOW
THF L7, RiETIE, goosecoid (gsc, Cho et al., 1991) & JXenopus
brachyury (Xbra, Smith et al., 1991) 7w — 7 % " ®# in situ />4 7 U
A —vavyiZEALE, M8EEF7re—7MRER‘E RN L —F— %K
H 25720, E@RFETHWSNET VA 75 A7 7 % —F (AP) HE ik T
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ERAKEELMEHA L, —ERAGOFVWA I N T A MNEERT DD
FRIZBT 22 DAT v 7R Lz, —ERAICHAIKEZHEHEL
Y, —EROKRZELETTHRELEZV T2 LICED ., BRONEOD
BLEE L ATRE L 72 o 72,

6-2-1 _F in situ "A 7 VXA —2 a3 D707

mRNA [FEL LT WD MR ML —3% — T&H % Dextran Oregon
Green 488 MM UARIIC & insitu "A 7V EZA ¥ — a2 EfLTE,
COMBBARE L —Y — X, —HEH insitu " TV EALAE— 3 0
DI EZIZ S RIER IS E MR LT, gse OFBEBRHT 2720, 7. &
NATIVHEA - g TI7VFeR A, T U ER7Te —7 0 H
ZOWTHHLE, gsc OB, B4 F U EBEELZN, 74
YA ERIE, Xbra DR BB L P BIBERER TOEBRECEEL L
ZEML, I o, TORD, ZH insitu " TV EAE—T 3
VIZIE, BT UERH gse T a— T & DIGHERK Xbra V' a— T 2 H Wi,

o7 —T7OMBEELETIE, AFECAMAT7 VA= a 350
SO —T7ORMBIERFIIHBO CEETHDL, 4T U EH gse 7 u—7
2R ABOEEATHRET 2L, FICBMBAICZEHEKEONNYy 7 750
FOFEFEBORAELD, LL, 2070 —7% 1EHOKIKETHRHEL
LA —EREAOVWTAOBB TS ZOMOFEAITH &R o (Fig.
19), 2O Z L 1B HOKIEZD AP RIEHEALNZ O Ny 7 7T 70 K3
BELELIELZ 2R T 5, = DIGIE Xbra 7 v —7 1%, 1H A,
2 HEBOWTNOHROARKIETHO Ny 7 770 REAZAECRLroTe,
DIz, B F UIEH gsce 7 —7 X 1L EIHAOKIETORM OO M
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ST RS R0,

T H in situ "A TV EFAR—varTOEEOMAEDLEDZDIT,
—FHONA T VXA R —Ta TV EAKZDO AP RiEMHlLEZ O
HbDICHOWTHEF L, ZOD AP AEMECE T L2AEOMAGDLE %
Tables 3, 4 ICEM L7 (WThoRGMBEBOMEREZ ET) ., 10 mM EDTA
% % e MAB T 65° C, 10 SR B HE, A ¥/ — L TRAKT D5 RIGHEE %
ML a, 1HABEIC 2EE OKKRIZIEAS £, BCIP & Magenta-phos,
BCIP & NBT/BCIP Ol A &N Al fe TdH 5 (Magenta—phos & BCIP LA
A[) (Table 4), Magenta-phos (Fig. 20) . NBT/BCIP O W Fh b, A&/
—VIZETRT WD, TEAOKSIZIE#EMNTE Ry, —JF, BCIP &
. BRSO, THBOKINICHEMN T & Th 5, BCIP OB H % ik
JFHH, AKX = )V TORKKERIZIREMUANE T H5LENRH 5 (Table
3)o AP RIEMEALIZ 1% YA —2 205 FT0 0.1 M 77U v (pH 2) T
40 BT 5 HEE A WES A, 1, 2 BHOKEICE FoRE oM A&
AbE¥RnAgETHDH, D%V, BCIP & Magenta—phos, BCIP & NBT/BCIP
¥ L WM Magenta-phos & BCIP T& % (Table4), 2B HDOR AL HFH LR
le, 7V v UHBBEEIRII ISR T OLENS D, MAB TO 10 45 [
4 [P N B b Db (Table 3), 20 H O DIGHEHK v — 7 O HKRE %

KTFSER2WE, 1EH OB EEIZITH v (Table 3),

6-2-2 T EYDEE & MO IEE
Mgz v —H =&l D720 3EH OISO B E

FET 52 e, 1, 2BEOREABOERBIECHELRNE S ICT 3
ZOIZb BBBAF TEMAML THBETLILDICLEETHLDL, —EHEBOD
EEEMROEE I, BV vBERVET T CEERT LBREE L, 0.1%
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VA= 20 &t 50% =& / —/L-50% PBS THlal (AF IEEBLUT) ¥t
BT D5 ENEY THoT-, B7AAIZ, Magenta—phos & NBT/BCIP TH:
bhEZ VB2 77 VEERT2HEMEESZRIE, 270 U
ZER< 72D 0.1% YA —2 20 25T 70% =% / —/L-30% PBS T —Wh ik
Bl A, WTROGEAELLRDVBLUOATL, ZOEHE LI NTZEE
XD AP AEMEE S ET oD (Fig. 21B) 2 &b, EELI O AP
ARIEMEACDOBRIEIIAETH D, Fig. 21 TlE, 2 FFMBEE®RITHE - 7= AP IF
PE723 Fast Red ¥ A & L T/REINT WD, AP IEHEIX, 77 VB EWK T
7 U UEBROfF (Fig. 21A) M (Fig. 21B) 2 b b T BRI AIEMEIL &
TW A, MEMFA [ & Clidb 3 22k 5 (Fig. 210),

6-2-3 —HELBAO-DOREELEDNEFE
T H®H insitu " T IVE AT —Ta st MBEEBOO O EIEE OE

Fea st Lz, = F 0% @I E Magenta-phos, BCIP 3 X OV NBT/BCIP @ 9
L, “fAE 8 in situ "4 7 VXA E—3 3 T, Fast Red F 72X
Vector Black Z MR BBFICEH L7, —H insitu "A 7 VXA ¥ — 3
VICHRBERANEOMAGEDEDO YL, ZHICOVWTIEHEARHEFEIND &
VOEWRN B D (Sive et al., 20000 2 &b, FEY O =ZFEIZDOWTO/KRE
EM LU, Zomahid, EWAARIC TE MO Fast Red % Ml f 38 B (< £ A
LEEBB I W THEBENEZ, £/, —#E insitu "4 7 VXA ¥ — 3
12 BCIP & Magenta-phos & i ]l L 72 & 12 & HI{L IR IZ RIEM D Vector
Black Z MM BHICHE M+ 2 HFEICOWTHORHELE, RELEETOY
Bl HOWT, _HE insitu "A 7V XA ¥ —va M BH OLMGDIH
TEOLER EDOEEZE TR NI o7 (Table 4, Fig. 19), AE Ol
HEDLEDI L, —OoOHN, —~FDO AP RIEMHEALICAE TH > 7= (6-2-1
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IZFE#), —ERAOLDOBAKEOIERICE T 525 MIL. Table 4 1T
LT,

HbLBRAPERLIEEICIE., LVMH oA TERHOREAIZED HELS 2
Do, ZOMBEERBEST S0, IHOKIGETIEMS o, BH O KIS TIX
WS BEARIERDIZH YD EFA2Z EPEETHD, FFIZ. Fast Red X
Vector Black O ¥ T, MIGH B HRL T WO, ol & w2 &2
HETHL P TNVE BEEDORT vy 7HRICEFERE L T ZLERED
51 % (Table 3),

BCIP, Magenta—phos & Fast Red (Fig. 19A, B). 3 X O" Magenta-phos,
BCIP & Fast Red DIAEFF LA A DLEOLEG., ETOAIETIHFLINVEFTH
%, BCIPIZFMAE L7z in situ B EIELE O H T Fast Red & b 4F 5t 72 &4
Z 723 A3, Magenta-phos IR Kk T REEA Z /R L, Fast Red & 1T
K SAtary b7 A MBREW, 2Dk, FastRed THEBFS ML O
iz XV LW OE{sF % BCIP TY: . Magenta—-phos & Fast
Red EDOxttbz K OVHKRIZT 272D .37 C TERMAXISESHETELD HFUVE
BIZE A IHE D (Sive et al., 2000) XX Th b,

BCIP, NBT/BCIP & Fast Red ®JHF T b~k % Fig. 19C 2R T,
T4 4 O NBT/BCIP ¥4 (X, Magenta-phos X ¥ % Fast Red &% L T W
a2 FTARNERL, £ OMEITL Magenta-phos < BCIP &b D X V58,
BAHWRERYD A I TIEFEA THWY NBT/BCIP AL H < THW
BCIP e aZ[Z L CLEWRLEN (M HTOYEANREEN TV D HE TRy
NBT/BCIP % (X Fl 812 % 72 %, BCIP | AP T < ¥ . NBT/BCIP ¥ 4 (%
HDIZY Y EFBH_XETHDH,NBT/BCIP DNy 7 7T 0y ROFLEMib
-, Ry b= 7)a— LA DAP Ny 77— (Sive et al., 2000) %
AW, 222 (F7001F) KRBECTKIESE 72, EIO MAB 8LV O0.1% VA —
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> 20 & T 50% =X ) — )L -50% PBS e & 4T o /=% 1C 1%, Fast Red %
BICITERZEITIR 20 o 72 (Fig. 190),

BCIP, Magenta-phos 3 X O Vector Black ®JEF THH, EH LK%
Fig. 19DIZR T, 3O WTF N b EHLE T THZ i Th 2 (Fig. 19E)
e MNBOMAERNAETHD, ZOZ LT, Z=2>DB ML
FENT T4 U EERTLHENTETLH L E BT H, Vector
Black B I WRE A O AFH A~ L, BCIP X Magenta—-phos O 4L L Y
WA EZ R T O BRIV HIGAEICIE NG Z AHEIZLL T W,
FHEEREE, o0 EOREELHE O L, T DO, BCIP &
Magenta-phos IX+ I KIS S H 2T iX b2, MG HEZELS 752
ETCNRNY I T T ROFEEEMZA DO, EEWROEEIL 1/5 2 G
Tholo, 6T, BAEMKE TO Vector Black & Xy 7 7 F 7 v K¥th
DMER*ET = —FT 50, BBEHELILOTLVE VIR TOFTERNED
bId, 7 51E, Vector Black @ BAB (X, Y iR & A5 T iE., %
RO FEOL LR DBPRNETCHLTZO THD, IHIT, TONRXy T T
ZUry REAIT, AFOEBRIZ, Magenta—phos DG & W SABTE
I MholtetatE RET D,

6-2-4 RO E N

SEHPEACREBWT, ERCHED 2R 2 RF L, EHA % 3HH O Fast
Red (MR EWR) Y ZICIToT28% A, Fast Red DNy 7 7T 0 v KM
1395 < (Fig. 22, RO HP 7)), in situ B L Fast Red Yt (12 K IF
TEAOREBIIA LN - 7= (Fig. 19A, B), Vector Black % #ll i iB B
WL bRAKROM R LG (Fig. 19D), —FH ., BEH%Z 2B H D%
e < EE % G BB g eaT) 2179 &, 3E H O Fast Red % 12 %t
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LTCHWANy 7 750 ROFEGANAE LT (Fig. 22, EMloH o7 ),

o, AFEOEAIZ., SHHOREARIZITLORTNIT R L W,

6-2-5 HDELILWICBITA "®EHIME
KD HETHONLEZFHET H7-0, MERENL—Y—%2F AL

TCIERW AT R R IR A AR T D . ZEREA AN Lo, Fig. 23
IR T . gse & Xbra D FEBE N FH A (BCIP) L Z%4B @ (NBT/BCIP)
THEDOLNNTWVD, SHI, hv—HF—ZFAINTZMEDTFRLRE
(Fast Red) T RSN TW2, 3 AHORGRICU Y oG Ee, MANE T

® Fast Red O AT AR+ Th - 7=,
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B 71 E MEITX? Xenopus fEABIIR T I E B Hl 4
B8 O AT

Xenopus HE M R 1% H M JE W o S H S BT O o O [ H ERR %
et 9% (Murray, 1991), —JF ., ®EIF., VARY =L Z /N7 H, DNA &
JAT—ERLATP Al EERERO LD oM laiE B Ic EE o ZH 2 R+ 4U 2
v — XN EEMREESEDL BB E o T WD (Weber and
Drickamer, 1983), T DO Z &b, mEITMBEHICEEZF 25 LEx
bivd, FE, v~V AORAMPBMMBIL, 80MPa DJE T FIZEIPNTEIC
HETCERET LI, MROWEIENAEIZHH S5 Matsumoto et al.
1998), Zh b oflaid, SHA~0ETHRHEFIN, G2HICEE->TWVD
(Matsumoto et al., 1998), SHIMifaomEKZTWHEZHAM T L0, &E
S Xenopus ML R T O Ml A W HEATIC RIT T BT OV THRF L &
(Takahashi et al., 2004),

Xenopus ¥ T # MR CTA v FaX— LA, Fig. 24AICRT
ok, BrEgEoREBITMBEESOETIZIE L TCElLE, S Mol 12
YT OBMS 30 BIO TS g BEshE, — . MHICxIET 5
EREO RN 60 B X 135 5B L7, MR O ERKZMEZ &
T 570, KIS 40, 60, B L N80 MPa D E 1 ZFE L 7=, 40 MPa 3
A B rEOMBEIZIEEDLBEO Y T L L RERICHEIT L7, 60 MPa
T, RTAFEOREBELZT, BlE2InN256bF2 ThVwWiabbd o,
80 MPa Tix., MMEMIZIN CLEELITR N o7 (Fig. 24A),

FBEMEE A AN M MIBEOWEB L A % a2 — 3 VIR (0-150 43)
EOGRERAE L (Fig. 24B), F LA LORB TEIL, B2 T T 60 B
L1354y CMEIICE L 7228, 80 MPa ALFE L 7= MM AT R CiX. M#IEE I
EURholm, —FH., BT % 80 MPa ALBE L, MW AR TA > F =2 X —

54



FNLESHAE, BLHORE FZELEELEOERBROMAS DY DOEE & [H
Wi, BITEBEORBEBEANECL, Zh o0/ IE, IR H KL 80 MPa
DEDNICEZELRDOICKH L, AR XETHL Z L 2xrT,

Ml E M OETOREFEORNZH O MNIZT H72H, biotin-16-dUTP @ %
~DOHYVIABRZ A LI (Fig. 25), DNA MR X, 80 MPa MLE! L 7= v &b
MR CIEMEE S 7228, 80 MPa AL X U 72 K 1 12 1 JF [ 7 4L B oD wfUfE il HY
K THEHBE L, 20X, BFEDO MBI~ 1T & DNA E R o &

= S
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FHB8E REBZBE

AWFZE CEIRREMAZ B LML, 3-2 TRARZAEREZ —So@ALE
W (Fig. 10)UAIZTE T, BRI —VEHFORNERELTLLDOTH D
(Fig. 4F, H, 5B, D, F, H, 9C, 12B, 13D), Z O . KW D EEHEH
X, EWFREELHEMNEEOVTRICBVWTLREER N - 2 F o0 %
EOHEICOVWTRBREE XD, HHEHKNEECKE T 2FKOEMIT, &0
ERRIZBWVWTH, EFEELCB T2 LHERICVT DO EKIZDONT
LIFEF-ERLDOTH o,

AREZBLTIE, £7. HhEM, B2l X O IRER K 2 583 B # T1ERK
LB, RE, BHEKICEIT 2 MBREOMKBEIZONTHEREZIT D
(8-1,2,3) T HIEKBEIEL 7 m = D MOERIZOWVWTHWT D (8-4),
Fe N T, ABFIE CTHESL L7 M B BRIE IS DWW Taim 9 2 (8-5), &2, N
JEIZ & % Xenopus A R T o fa & 1 ] 4 B 4% O fRE AT I > T, BT

% (8-6),

8-1 Mg h ook &
EEEh oK & HEEELMIT+T 5720, FFK (Fig. 4B) B X O P EH
MIEIER 2 EME MBI Bk CAaA B L 72 I8 (Figs. 9C, 10A)IZD>W T EE D

EAZBEH L (B 3FE), 250K o 5 LY o
Andb, OL2F, HBMBEHRKIZ, 2oEMP ZOFRKICEEN DI BT RE
WD BICRETL2RFOMBERENRIEEIZL s> TRESTEY
BEEHRIONTEPBRESNEEMEERLIFSOTERZMET 20 D
ThHod, b X, HMEKRTROBICIET D X I o 7= 5 ME ER
TR, MEMAMEEERICE s THEAEESA T TPTEEMALER L, &
AONTEPRESNTZEMIHEKDI LD T EREZMETLIENI LD TH D,
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CoZEICHEEL, AMMREOREN TR AEHBZER T D22 L&, Ltk
DY v varyTE#HEmT 5, (1) AEWITB T, BO AT 0N IR (8]
HHWHIRE) TEmWwA RS E RS, 2EV . AIFAPRIEO G HRRIE
EHEA, AGEOEEOVTRICEVWTL, B2 Y - OREZBKT
D ETHELEREEO AR T (8-1-1) . () ERMEIERFFRIT. T OB
MET DI LR MEERTFFHREOMBEMEEERICL > TZ0EM
FEBFBLTCGRP ZEDEHMMEBE~EnbT 2R THL, ZDZ
. A ToOMEORIEMIZEW T EEREKREZF DN AN LW
(8-1-2), ) A FMITHB T 2 EMENER 51, BMEIER T 5 & oM AEH
ko TkELLEMMEE L, FFEAMOKREGICTEZ AT S5, 2L adaxial
cells OFAEALHEETIN LMWV (8-1-3), W EEETIZ, FEOF
DIEHLTICAMICETE I, TSR L TEMFLEITRKE AR
AR 7z (8-1-4),

¥, AEMRTOT—ZOEFEHEEICHO VT, ANEORKE THEmT D
(8-1-5),

EEE, #HEAEEO VT RICE W TYH . % W E G/ 08 8 E o s iR

B DHHEK T RO A (Fig. 5) . miH ¥ o 8 M E % b & | B IFIE
BT 24 (Figs. 6, N FEAE—FH L, 2o Lid, #AfioFe
AMERRBRH#EHETICETLTWVWD ZEEERT S, A¥HETOERSE
REENT 720, BABREICEB T D52R) BEURRVZ a—rO0HOHEH
. LVl EZIToTLRBREROT —F %2 b L0, BB ORI L O

XM D E A X (Keller et al., 2003; Shook et al., 2004) RiZ#HE L 7=
(Fig.26) . Z OHEE L. LK R % & O JF IG5 /40 82 18 71 81 o 51
HRICEBITD TEMBOMENEFTRIZCETLZ2HOLEFRLETHD EDIRE
iz H S <,
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8-1-1 FIiFWNHFKEISFWVHESILEZ T
AR OEEMRTORPBIZ. EFERAETLT T TARASFAHHORAEICBVLTY .,
A FNFRETLOZFOEMAFTRELDLEHEICAHENICEKR SN D

ZEERLE, FEMW T, MK (Figs. 60, U, 7E° , P’ (level 5)),

—fRFE K YE D B b MRS (Fig. 7C° , N ) (level 3)B L OV
—fE LD LA O TONKEM (Figs. 6M, S, 7B” , M (level 2))
BXOHFRORED LW (Fig. 7CC , N7 (level 3)) T 72 b il H IR
TICER T 2MMIET. raic RDICHEKR L., RVFERBZALRNZ &R
R, LrL. KOBRGTOBEMANPIRES CNS TIT RV FHEPIA SN
7= (Figs. 6S-X, 7L -V’ ), EFWICBWVWTHL EZ, 2 b ORIHFNF K
R OMME TILRD FREOLDE LI RV FHRITHRME IR o (Figs.
6A, C, G, I, 7B, C, E, M, N, P), 2D k52, MmELCHEHEMEIT. 2 Z
TiE, TMHERFHRIIZEALOM TIZHEAEFEHL THIEMEIER T K &1L HE
AERM LRV, EWwWH ZeaEW®RT 2, AT AT, RKEOWNEE %
AR R T 2 RMOMNER TH Y . 2 O NIZFTR o K% 12
T2 T EMED EROMERF T—FIZIF ATV D, R 7N IR ZE O /i
SARIEIZ BT 2RO O 2@ ME, REOICKEOIEMIZEZEL .,
fF g~ & 43 {b 3 % (Hausen and Riebesell, 1991),

AT AN IRFERNPEMAIZ RDICER T 2 Z L IX L TFTOJRE O W E
rEhbobsolArabEICI2bDEEZIZLND, 2FE 0, (1) Ml
HAEMZMHE&SIEN R 7R TR, QQWRMBENR 7LV B RV T
BRCTHEThH- LV UHIcEEAZ, 3) RV FHOMEHICE D RD T #
DML (RO/WNEH CTERT D) DA FNTIRERROERE T 2R T
5 RD FHRNOERZREEMICRY FHEMPOBNZERICME ST, LW
2L D TH D,
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Pl & % — B L VR FTONRENRRDOARICHKR TSI LIET.2ET
DEHKSLHEA OB I OBHEER TIIRIN o7, 206 OFFRIL,
BEPE D Wnt/ B —catenin & TGF-5 ¥ 7 F /L% 2Rl J7 N IR E 3 4 o ) # #
BAWRET DLWV Zorn et al. (1999) DREIC KT 5, £/, T b
DFERIT, TEA—TF A —FIERS B i i B ER Tl & 2 & iz 8
B KOATTOAMRETITEYRBEMBIRFHER LN RN o2& D H
4 BEORER (Fig. 12, Koga et al., 200) &b A9, L2rL, 2 boM
Moo R, BT NIEEE (part 3 in Fig. 5Gerhart, 2001) 23R f & 7%
BANRENSWT D Xnrd ¥ N7 25 Lo MREHEAEAERICKEL TE
U5 &) Gerhart (2001) OEF AL EEFLT LS LRV, 7, Sakai
EZDIFEMIEE O T A (2000, 2008) T2 ORNREDHLICIEIE L LT
W7, ZTOkd, b OfEFEIL, Gerhart @ E T L (2001) XV b L
5 Zorn et al. DOE T/ (1999) % X FT 5,

FHELDOMEEIZI W THERO LA RD O HIZEE L7z (Fig.
¢, N (level 3))Z &iF £/, FHRAMRD RD NS IFMAICHKL., &
WHRRBARSOZ LA RBRT D, 26, FRATK OB E AL G HF
D Z PIZ S SE > (Hausen and Riebesell, 1991) 6 ThH 5, HHRIL WL
T HRAIMIL, Gerhart ®F 5 /L (2001) T Nieuwkoop center @ 9 b #ilfiu H
HERICAE L DE S O —H (part 1 in his Fig. 5) T 5 f & o 5 7] 7 56 0
f £ M2 B k4 5, Sakai & 2 D IFEFFEH O E 7 /L (Nagano et al., 2000;
Sakai, 2008) ClX., ZTh O OMMITIMBRAEENITHILT D2F—TF A ¥ —
MHLBRKTDE, —FH., TH5 O Zorn et al. OF T )L (1999) N F D
%Gl 5 XHex B X cerberus ZRBTHEGTNFRED ~#H TH 5D
MESIPIEIAHATH D, BIOFEREMET TIZ, BRER T 2 K720

b AMEEAEBLIERICE > THERAMMRSFRLmELAFESN L0 M
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nNw, F£, PEL -V F AP —FRKZERERFE2Z TR R2VEY
MM BB CE B (Fig. 1200 bR AELZBIFEBIECTIZ. By
M AE B EK - FRIL B KRR~ — I — 85 T D goosecoid (Artinger et al.,
1997) # % 8l L 7= (Fig. 12B, Kogaetal., 2007), 7272 L., Z O FERTIX
By W) 1 JE ) F R - FR 2 B I K BIIZ 0 b L 72 B R AR F R e e N AR U
MNE DD DWW TIIH S TIT R,

BHAEMUMANPREDER S 72, FHlF L CHEYERICHET 5 MEE K
FOMBERHEEICELIIKFETD2L)>THD, RELRL, BRSO THE
T HAERIZBITS2RD /7= ORFEFHRICETL2HD L0 &EmDo T,
F o KHE, ATERE, AT AR E X VD IEIRE 4TI, FEE IR A AN BT
HZRDZ7 0 —CORPEFWIZE T 2D LEREL ETHY 22O EIKAE
MTHOZNDHDRDZ B = DORIFEFHRAMTOR 70 —rDRLD G
mrol, AEMRICEB W T, AEMSICEIT S RD FHRIZ. BRITEBIT 5 RV
rma—YXVEEREZVWEY Thote, ZROLORKRIT., MIBENZRN
HIRER B IXRT AN RIED TP EBRIE2 0 ThFTEFRE TEKRE O —
MTHREEIEZEERET S,

LEDZ & KBFZEOEZRMERITAT TN T EE (Zorn et al., 1999)
L2075 8 9 IR 3 (Nagano et al., 2000; Gerhart, 2001; Sakai, 2008) 123
JT2EENOIEERMTL2ETAICHSIBNICEI OO, T HDET IV
HMCTIE@EWICETRTET, KVIERL» O —WRET VORESLN KD
bhb,

8-1-2 GRP Z &Lt HF N T IR IEIZ I 1T 5 MM EIEK T £ O 35 4

|A~
(Y

BEAEIER 7 2013, HMEERTFFREOMAEMEMNIC L > THEML S, T5
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MEDOHRICBMT D N RSN, TS & X, FR, TR, KE,
HHMANEE, CNS 2L, MBEHM O GRP b EEND, 2 b DI LT
EREIER TR OB IE MBI ER FRRAALE T 2 KD ICH KA B S e IR
FRET R R AT D 7o oI ME M FIBK 7 £2 o B Ak 23 5 8 B AE o 1
ERTIEEERT L, AR EERBFMAAEAMSE IV L L IE M F BT
BRI LV B G TEETHR OGN (Figs. 6S-X, 7L -V ), XV ®FG T
ELLEMbsnDdZ B ENER ST,

1E &M ORI ITEME R 7 7133 A L7Z&2Wvw (Figs. 6H-L, 7N-V) D2 %t
L. BBEZT-ZHACEZARNALNTE, 20X, X Jaevis BV
X. laevis & X. borealis DML (6-1) 76 T £ 8l a2 4 I8
ZHEEEL, MBABZHAGDERLXF A TR THO THE S Lz (Kogaet al.,
1986, Fig. 11), Z @O Z &%, 8 a2 B E ER Z 5l o It o F 15 8l
RTAZAHBBM LK (Fig. 900>V Th, B LN L THMBER I L
(Fig. 9F, 1), T RMAX EM LA LMOF R T, MEMH K7 7R IX
ok rRERbEMOH s ZELRETHLIBREOR TR S
(Figs. 70" -U" , 8C-E), LA ED#EKIT. L D FB KR ToO#®E (Stewart and
Gerhart, 1990; Domingo and Keller, 1995) <7l #f 3k (2 B Al X U 7= 5 I
HER BN - T FA Y —D~v—F —#BIx 2B T 5 (Fig. 12B, Koga
etal., 2000) E WO HRIC—ET 5, £, AFERETOHRRIT. FROKE
PIE R T BRI OEBIZNY TR EEM»D LHEKT S (Shook et
al., 2004) 2 & 2R3 5,

Ao THRTIE, BAHBHKIFRIIEFRICBI2b0L0 007205
KT Sk (Fig. 7p-U, P’ -U’ ), HR L OBEEHEN LT & AR, &
bW o IR E GRS O ONS T, i Ei A A IR 22 AR o IE R ER - £ oo R
F. EFMRBIOME R TOLAMOXISTEIICE T 2RI &R0 E
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- 7= (Fig. 70-V, 0’ -V’ ),

FEI A RO GRP OEMICIE, EABIOEEOA VT —va vk
FIE I L CHERE S RV FHR A VIEW RIS X O O GRP 4 Ml I2 B
T2V EmEBTEZATILIEMEESND, 20O, HFEWRDLEM GRP
TO RV FHOFIXEFKRAEM GRP TOLEBEMEIR FHOKR LY L EW
(Figs. 260-R) & EZEx b D, ZOHEIT. ERORR LU TICHE~D @HE
DL HE NN D, : Xenopus @ GRP (Figs. 260, PONME)IZ, HERD
BEAER 7y GRSR ), FRUKGA) B X OERE GE6) o FEm» 65, GRP
. RO EHoRBNWEIZEJ T % lateral endodermal crests (LECs)
(EfE) RN FTHEBICHARKT2NRE ()Xo THEKEERLTW
D, B, PTETRIZFRETTHA L. LECs ZINEICEDNKRED K b
00 fE 3k o W |l 2 1E 5 (Shook et al., 2004),

FIZFE LA ERGRP EM TOMBRFENEFRICEIT 2D EHRRD
ZEiEF, KEFHBEIYOXFT VT 4 —HFFOREOT 7 F LS| (Danilchik
etal., 2006) °E R ER D X 5 R FFMER N EFKE LR > 2FH %
SNHZLEbE6T, ZOZLFE, = —BEBETFORABERDZDIZ

WZHTH %D GRP £y OHE (Vick et al., 2009) O EZ L7263 08 4
nNiwv, Blo2iiEfcoshizs ) AR ELI, LRELV—T
{t. @ i #i5 (Spemann and Falkenberg, 1919; Takano et al., 2007) %, fh#%
MEICHBE S NG (GRP OE ST O ESHELTWD)
DA LIFIER LR THEL S D (Takano et al., 2000) b L, =

DATREMEIZ SN TIZ., S HICHRHTAMMERH 5,

8-1-3 5 1A1E Bk #2 @ jE M1k
FPRIZE W TIE, RD FHROMEMA S £ 7. 0k o 20 ¢ % 7= &
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) TH D, FFEMRZ LT, RD FRRIT WA N O BT RICHEEE T D EEIC
MRV DORTHSATHIEN, MO IZTXT2EKEZMELZ 9 EAEKETTH
RENT (Figs. 6N-R, 7D° -K’ ), Z O fEIB T IF G IR H 0 £ B Ik 3E N &
AN B mEE (Fig. 4 inShook et al., 2004) XV W SAHFMITIA W
ENDL ZOHEBKO R FRIFRBIE2D TR ERErLO B KT S N
REEND, ZOHEBOLEMTORD FHOSMIT, TELAKBEO LY
LbLLARRED TEFTRNTOEMELARKE~LEE L ITLD,
RD FHAPEMIL LD THLZ E2mBd 5, 287061, AA4F%E TH
H AV 534 I, Oelgeschléiger et al. (2003) 23 chordin\ZX3 57 v F &
VAF Y I —FHBHWMEALEMROE =T F A F—%28 0 H L TH ORE
MWOF—HF A —LEEBRIILEEZICHERNICAONTE A =T A4 % —
DOFRMPO3HMITEUTNDTEDTH D,
FHMWOLEEREIZBIT 25 DORDTFH D% X, adaxial cellsd& L T
FEICEBELRERZREZIT bRy, 2, E7 7740 v v 2B
b0 LEEIC, PEFEROELS OWMMFTERBEHNOR 70— IZH
A4 (Fig. 26E, F, I, J; Hirsinger et al., 2004) %, FPEHR L
JtiZadaxial cellsé L CHHREHEIICH » T HME L (Figs. M, N;
Glickman et al., 2003). MK 5 (Devoto et al., 1996) Z &
L EEXLND, ZTORBEMIT. XenopusTDLL T O FEERF R L —
T2, R oERREMBICHKRL, €77 7 1 v ¥ a2 Dadaxial cellsd
Y7 B A7 T DHmuscle pioneer cells & [F KR I K E D K W AL & 9
% M iE (Shook et al., 2004) X, KMFETHBESNTHFRICEET 2 KH
HRGEIK CORDF RO SO —H AR T, £, BHMEITAT — 28
S RbEBETOERGOFR R TR SN D (ZOREHICIE LY FTs Cik#E
MKEIEEZ DL TWAaw) (Grimaldi et al., 2004), Z O A EEMICH
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WTIEH SOOI TDILEND D,

8-1-4 AFWTOIMEP.LAROIET L el O Hi{H
IRETOHM L FIBIETOR KT RO N OHEE R (Fig. 26C-N) 72 5

4 MR WA RIS BT D PEE M P M (Fig, 26B.  HRHE) &, E#HRE
IBEITDLH D (Fig. 26A, BRED LV bbTMhICTFELAMIAELT I &
HEshsd, TESMPLROEEIZ, TEMFNPMEHER L T LY
BHFONFREDO FEBR CIIbTINCE R LD LEEZOND (Fig. 268
TIEHEMRICIIRBE I TRV, W26 55 AR k3 2 M H%
THEMAIIC RD 7 B — U B A DI L2 &k 0% ol Ik W5
DI BE—=UDPOERINLTWVWDZS TH D (Figs. 6M-X, TA° -V’ ),
PEIIRIC B W TIE, RV 7 m— i, A% WM CEEmIc S oz
(Figs 5F, H, 6S-X, 7L’ -V’ ), £ 07 a— X, gl N T IEEZE KR
EMOREEZ ., EICKIET 5 1EH W I O o 4 #8865k & [ % 2
EORTHME L (FigsTL-V, L” -V’ ), ZTADLDELAMTDO RV 7 10—
DEROMET, ETCOMBTHI T L2/ FFEMERIETERL ., MEOL
WU ONTAEMMTORY 7 v — 2 @RI R ET T TE N,
ZOD . 4 MR o T E AR LR (Fig 26B, ZR#R) O AL E 1L, RV
2R, ERITEFREO T EBM T L (Fig 26A, ) XV b RDICIT
WEHEE SN D, PEMM P LBMOLE FH M ~DF 4 (Fig 26A, B, ZR#E)IE
RO ZN (Fig 26A, B, HH) LV LWL NI KE W,
bz &, &P .00 RETEM T O O®REICELT D08 HE
xR ES P, BEAPLREIEMPOROMEBEIZIEC CHESN D Z L
EE%RT D,
8-1-5 AP icd S % MliB BT — % o {5 ik
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ARKOFIEDOFERIT, AL CHRE A IR H —IH oM & (Black and
Vincent, 1988; Danilchik and Black, 1988) T & ¥ 3% &K 1 @ ¥4y LU
FEEOD¥ERPORELCREZGERETELE W) ATREZHERT 5, A
YRBTERR/ NS = RO~ RBET LRI, PL—HPF—Z2FALR
WIS A IZIZ@EE 60-80% TohHV ., THIETAHYIRELALWRIZIERCETH
#i CT& 5 &9 5 Kageura and Yamana (1983) DR L IZIEFRFTH - 7=,
TORIN Yy FIZEoTIT 0% UEICHELEN, EFRUEDODKRE XD
SH & FF DR (DAL >5) REEAMM A Rz e W (DAL 0, 1) O TV T b Ik
WKLo, E2, AT FHATPRIEICHETLIAERIT, AELEZKTIEAET
fl—Chol, BT, RFFLTHEM LB THHARINE & EFO

A — v ERTEFEKTIE, Figs. 5A, C, E, G lcn-&hs@Y, %I
HmEITEERZ 07220 EMIZoT T, BFEMRTHLERL, M7 a— 2050
DKRESIZAEMICHIR Sz (Figs. 6A-L, 7A V), 7272 L. #iH Mo E
MAEE FRBILOFRTIXELAM TOMIEDOIERSE (Jacobson and Hirose,
1978; Hirose and Jacobson, 1979; Klein, 1987; Cleaver et al., 2000;
Shook et al., 2004)(IZ KV, RD FHOWMMASMAR SN, ThbaET
DRERIT, ARZEHICEI VBRI E N ELAEE#SHE YT L2 &%
A~ L7 Klein (1987) O ff RICHD THWH D TH 5,

R E A O ERERICB T 27— OB IEER, KR WS
NIZOWTHEBIEGIRE /PRI e RERB oM T8 LR
7= (Figs 5, 1) Z &, WT N DOWIZIE W TS il [T oMM IEEA D k1
BRI IR X722 & #”"M¥ 4 5 (Jacobson and Hirose, 1978),

Dextran Oregon Green 488 & M\ 72 A I8 D £ 3 & T D E B o 5 1 M 1% .
fluorescein-dextran-amine X°> horseradish peroxidase % ]\ 7z i& % @ #ff
FRERMAKETHD EERZ LN D, MH RO, KB O ER KO R R @
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&£ O IEH WO M52 5 (Jacobson and Hirose, 1978; Hirose and Jacobson,
1979; Masho and Kubota, 1986; Dale and Slack, 1987; Moody, 1987a)
EAREBEWHIZ—HTLEINDLTHD, L, WITNOWREIZSOWTH T
LEMEEK 7 m— i OonTIERAEL TR WNWESD, P —H —F AR

H—=r Al RETRBEOREITIHL N TIE RV,

8-2 Ml Jle) FA] AR A1 A I HE A P IR BE D BH R Bl IC I o 2 N X

— VBT
BE R TE M S 2 AT 5 5 7= . 32 MIAM O T i A4 — H F A B — % B
(S 4 BIER) & b Lo— o — Tk U7 B W H 4 E Bk & S S

L7z (Fig. 12A), T oORZFEIGME S £ TRAE S E, BT KT 5k 0B B
ECODHEBBTFRBEANAY —CORELR -MHMIZOWTHEELZ (6-2 ),
EFETE., BHmEMNTROEMFRE~OS ANTRBTOT NICRH
HNDHDHT, BHHBTIEELSHED b7 (Dale and Slack, 1987; Moody,
1987b; Vodicka and Gerhart, 1995), % 7=, @4t ig 1 Fl 2k 1 £ 1<

B ETIE gsc IR BLHE T (Vodicka & Gerhart 1995) . @h ¥4 i 81 &) Bk 1% 8
Fok 32 MimHlico o ERICEM L THEEKEEZ RSV
(Kageura and Yamana, 1986; Kageura, 1990), XM IR D R4 L%
WG IR (Fig. 12B) TiX . BAEHIEK T HRIC K - TEHD b L7 3 Ml F IR % (R
BE) 2, EFRRICBT D60 LRI, HEM T gse (FHR)DB ., BHBM
TIE Xbra (R4 6) DEWVICHMAICEBE LEZ, b0 i3, BiES
Nl E i EREI R R C OB G MICIEF L > 72 gse B X W Xbra @
HKENZINNOOMBEE TES— T AT =LA omEmRMias ol oMAE
ERICEVFRINZZIEEZE®RT S, ZOEO—2>OMKRIL, 5 £
(2 FR X 72 A R ) R BN ER 7 $2 2% Chordin @ X 5 72 BMP ¥ 7 F L DB E
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WFzMasticoswl, ZORFEZ2BEINTZERBRFHEIZTET L2
ETEOMMB A H @ Chordin BETHEDODIEOHB 7 4+ — RNy 7 L —7
Z B4 (Blitz et al., 2000; Vonica and Gumbiner, 2007) L. Z®Z &
XA =T FAF =D END, TORBE A —H T A ¥ — LR
F—=HFAF =Nt L., & x0 gse & Xbra ZHMBOICRIT DL 0H
LOTHD, L, REBRTIX, gse & XbraD BB ERHRYIME., 4 —
AFPAF—THERATIMOBEREFICOVTEHAEL AW, T, HR
RERAMWR R EDOF =T AT —ICH KT D 0/EBEICOVTITHFAEL T
W, ZTDkD, INLORPRITEEBRT AT AP —HREERT D
HLOTELT LRV, £/, BEHEM A MICIEFIL > BB B Mo
OB OMAGDEERTHFLEINLLINBIALNLTIERZY, I bIC

LT . SHOICHMENLETH S,

8-3 T IE X IR R KBRS PR HE T T E R REIEK 7w
—COFEBIIRICEIVIESE D
SR TETY AT 51T % G H M & ARBT S 5 . AT E ONS HIEK T H

DE MR (AD) BIERKZBRE L 16 MIBRME»LBELLERERE EF
MIZOWT, FIhEERTESNMESR K TH D58 W MmIE M (AV) T B
VI.1 BEXW® V1.2 o7 v —F L FA AL % CNS EREIZBWTHKL
(Figs. 14-17),

CNS ¢ REIZB T LM a—F /N NA AL ONMMAEREZIRBET D720,
MEEBER N E X 2/ORAT —Y 14 (HMEBRY) ONAKREICES T L7 72—
FTNANF—HFAE—va vk, EFREFAEHRICONT, KRIFREORKR L
& O (Hirose and Jacobson, 1979; Jacobson and Hirose, 1981; Masho
and Kubota, 1986; Kageura, 1995) &6, HE L7z (Fig. 27), ZOKXK T
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X, 7B —F VAL VEOMBORES () FEHINL TS, EW
MTIXHPWBEEKICE > TEDORE B EDLN D IR LE A iR F 0
Tl RSN8P mEIERTH LD AVEI RO 78 —F L FAAL ICH-TE
DIFEAERBDON, BRI, MELZ 2O AVEEKDO 7 2 —F 1
FAAL W TFRs, EFRIZBIT 2 0ICHEEL TREIERLER,
PERONZ = I Bigosl oPRMICAET H V.1 HERD 7 =
—F N RAAL E. ADEIEROBREICLY . BRK X —> TEFEBICHE
L CHEFmMIZS IS, EFERTIE, V.1l 7 e —F L KA A
. IMMoEEEZRSEMELEZ HED, CNS TIEWL 22020 % > 7L THi
MO —HTROND DHTH -7z (Figs. 14A, B, 16A, B, 27A), — K
FEIMTIE, 207 v —F 0 RAA 0%, RIFRB CNS o A (f IR
HONSOHRE)Z HEDDLREDL.IOZa—F )V RAAL L DEL ZREEL,
MORKCTIHEFMEFLEAERAUMEZ EDL, 2072 —F L RAA
YIiELCONS EERKRICBT D2 bDONEMTHER L, WTFHLOMMICEWNTD
Ai b % ik C#E L7 (Figs. 14C, D, 16C, D, 27B), T ™ Z &
REKRTOZERY —OBIC, 207 8 —rOEMEMN, EHKELE R
CTEBEMER) TEELZET TR, EFRIZBT 2D L ITRRY T
EHFM (CNS) THEELZILEZ2EKT DS, —FH. V.2 o7 —F /1 F A
A AVEIEROBREICEIVEETMIZIER L, L2L, ZEDIKRDNHZ
— VL E R R o, DFEV V1.2 7B —F )V RAAL D CNS B X
ORBLTOMBEENZ—=VITEFRICEBTLZLDICELS U, EFKEDIZ
EAETIE V.27 8 —F )V RAAL T, M., T O ME SIS E L.
REIZBWTHLHEMH y2HEEEICDLZY 57 (Figs. 154, B, 17A, B,
27A)y — FAEIME TIX, 227 v —F L R A A 2 ix, E®EKONKRIETIE
ZOFEAENCNS I LB LR WVD2.1 £ D2.28LVDL.2D 7 10—
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FTNHVRAAL ORBHEZRET 222Nz, EERIZBIT 20 LI1TE
k72 CNS B X OVE R oERIC b r@E L7z (Figs. 15C, D, 17C, D, 27B),
VI.lBXO® V.2 0OnWTFhosa—F L KAAL 2B WILJE B
OEBOIE S IL, MREM TERN/NNI WK S Th oz (Figs. 16, 17, 27),
EHWIZBWTCONS IV BEBES AT D D21 O FHRIX, AR TIIE 5 KD

POL IR TCONSIZAVBEDOBZANRE D DN UATHARE TCITBRE IR
Mmool (REELT —F),

HAMIEDK 40% DR A 5 5 AD FIEk (Dale and Slack, 1987) % fr %
LR OREILTIX, AAMERBGIC - >oMiERRANBESL D,
—OIEFXRBERICB T2V O FTENMRERI KR, =R —OFRIZIE
BERICBT 2D X0 BIKAY  ADFERO 7 v —F )b KA A 2 PALET X
EHBEZLE I L WVWILDOTHD, b5 —FHiT, BYVOTFTEPTRESLHIE

KRN ZOEMEAER L, AREIZRD LN DO TH D, o H IS I
EDOREyNESNT AVERDODZo—F L RAL L ICEsTHEDLODLE L
WO R oRER (Figs. 14-17, 27) 1%, Z O i &iIE O 4 18 5E o 4 18 £k X%
BELVBABFICEVWIEAZERT S, 202 LiF&nHi, AMEORE
DA E R FIZ XY RES I EINTWDL AL RBT 5,

CNS L REICBIT D27 —F AV RAALURNERREFEGHE TR D
(Figs. 14-17, 2T)JR R D % < 1%, FBEHAIZHE S PRREOR & O HE XY
Lir LA, AREREROMEZOLDIZRDOND EEZOND, £ OH
HOOEDIT AERTRESNTE T ETRIEL X OHIREZ 5 T AD FHIEK
(Jacobson, 1985; Masho and Kubota, 1986; Dale and Slack, 1987; Moody,
1987b; Takasaki, 1987; Masho, 1988; Moody, 1989) ZX# TH 5 7= &
PIREB XA MREORE b FRICE S, PIREORH) JFmiXEFK S M
iR & TEWHAEN L THDH, b I —2i%., fAEHIKEOERIZER KD
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D 90% Mz TV (Fig. 13D), ZHOZ L IFXEFMREMER L THRE

EMRoOBHEHOMED /SN & E2RT,
EFEWEEMEROB TVI.L E V.20 7 v —F )b K AA 2 ONEN R
HZ &

R —OFEOMEFMEMEREICHTIRENEE TEL T, TENKE

EOMEIL 16 MRBMUBRICHOMOE Sy EOMEERICE Y R ICRE

(Figs. 14-17, 27)(F. 16 M@ £ TCICI FENRER KR TT o

ENDZEEBEWRT S, EMER VLI E VL2 FHROZER Y —DE O fif
EHmIE, ADFIRROBREICLIVET SN, AEHICE T2 VIL1 & V.2
DI =TI RAAL 0T VIL1T Bl E VIL2 Bl & X AL IR L TR
WAL EST DEMEEERICHKTEZ 70 —F LV RA L 2 FIEREL, »
DEXTNHYNPNEERICEWTMNET 260 LIZERARKOHEEEL HO
(Figs. 14-17, 27), Z O Z &I, ADFEIEROFREIZE D, VI.1 & V1.2 D
sua—F ) RAAL T FRbEMTmICH EEITEINTZI E2RT, 5
VL1 OGAE T, FHRAROERE G B AEEEICE L CEM/O— 7m0 i
MO ZE W THTMICEDLsTomB VL2 L ITR RS M2 TZ D
EIFX.ADFEKREZDOTFRIZEFRIZBWTEHEMBLIOMFICTHET 72T
TR AVERFEREFM S RMICHMET 2L E2METo ETb kB2 R
T EEW®RT D,

EHERIZEIT 2RI TOR RIL, BEDCNSIZBIT L7 1 —TF /L KA
A v DA RS (Jacobson, 1985; Masho and Kubota, 1986; Moody, 1987a,
b; Dale and Slack, 1987) & AEMIZF — Tdh o7/, Kageura et al. (1995)
X, X. laevis WAEM-T L E ) XA TOMFTHBRE»L, AT —Y 14 1EH
MAMIREEIC 1T 2 16 M O x OB EKFHROSMHEZ RN T2 4D O #H
HTIE, VL2 WY T2 A3 7 a—F b KA AR REIZE W T
HEIZE L TR bEBE» >0 Eo R REH (HH) Thole, REKTO
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D7 —=F ) FAAL ORI O M imiC ELICHENRLAICHKED, 71
— TNV AL OBEMOmRIETTERROEMOmIZHELT Lz, LirLan
b, AT =V 32 TOARMIEOMBIT, RETOVI.27 1 —F )L KX A
Db ol bIEEVHEHBIZROFRT LY br LABEHHEE THo2, =2
DFFFHERO R BN MBEBERO HFiE, MOMERHELZTI/e—F LR
AL DFFMEDENONTNIZEDDNE, A TH D,
PO CNSIZBWT VI EVIL2D 7 a—F L KA AL N2 EAE
BRI #E T D & &E/R"T Fig. 14D & Fig. 15D OF — X (%, H 7 m
—UNHIMB L PO TFEMB LA T THWICER>TEY, AVWD 7
P CHEOEBGNINLOEBTREES LI LEEZ BT L, 2O EiE, 2
O OHEK CEHSE L OCEERMEHOBRADBEIND ZE THRFSH
% (Fig. 13F), —JF ., EHFWKRTIE, CNSTO V1.1 & V1.2 D7 a—F LR
AL CHOEZDTEDOO TENTH D (Figs. 14B, Fig. 16B) , T8 bH
DD, Fig. 27, VI.1 & V.2 D7 a—F )b KA A M oO8ERITH

B TIECNS ZH > TWVWDINR EFKRTIEZEY THEHERZWVWI EE2ZRLTWD,

8-4 FEEREIEL 7 o —U DA DOE R
EEMMAT 2 Eh L 7= 4 (3-1) 8 L V8 Mk 35 ) E ek 8 IE (55 5
E)VICBUTAMBBMER I, 7o —0 0G0 ERERITMEINE, 25

DERTODI7r—=rDRHAIETVTAOREMEIZONWTHIERIE—ERLDTH -
72 (Figs. 7, 14-1T)», 7o —C 0 HOERITIEFRIZBT 2L 0 XV H
HRIZBIT 20D HEFN T ILd KE D57 (Table 2, Figs. 14-17), £
PR TIE, Friz, EE2MTOME., Ao LITEMDO 2K T OFELERZED
VFHMENEFREAEMIZBITA LD LV KXW L L THRENTE
(Table 2),
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INLOERBECLDLZZ e —v MO EROMRKIT, B 5L, Tl
B OEHEOEREE TICEMRERONH O FROBEBEDOERNE R L L
CERT 2D LEEXIOLND, ML bX, EFKRTIEET Y VDA HE
IO LTINS BITUORETOVLE.2 7 g —F )b KA A 3B 72
ERRDOOLNRDP TN LTHL(T—FM), 2V, HEKOUH FH D
BEOERMKIT, ©7V VERERIrL, DS hlms, BAobd4Y =
VT =3 a Y CEHRERT L — N EICEILPNBEBMEAZRICER T L — |
DROFPIZANGNDETOMIC, BEIZCLVMARZEELELZZIETHE
bahfcboLHEIND, BUHMEMERRKBLTIZ, REID b L
AHCNSIZBTFTLNMOEED TP WL SAURKE o (Figs. 14-17), T
T, AVEIERDS Z O FMINEE CTHEAE L TV AD AV RS 2 & T, AV HE
EKOFEMHF 2B T H2HEKEEOEHNLNALT, C(NS TOIZr—F )L KAA
VOEREHRIEELOLEEZLOND, LALIOERITIT VX LR
OTEHRS, RERFIEIFELNL T W, ZOHIRIEZE., BZHL EITF
o) ORKRMOLHEICLIDZ D THAS I,

8—5 7= 72 i Ju aB BF ¥E D B 3§
AWFZETIE. CREOH L MR BB & e ST U VR o T8 6 R AR 6T

B (3-2, /B4 E) I nNEHWCHBEMEZEFEL =,

8-5-1 Mif~—H—¢L L TCOT 7NV AT )LHEER

3-2 TOFEHIXT X levis & X. borealis O#l A& >+ (Thiébaud, 1983)

Iz . X laevis BLX O X. laevis & X. borealis [8] @ HFE 5 Hll i 18 B
ICESHIENTEERRATHD L2 /R LT, MEKRORTEREEE Fig.
11) 1% .Dextran Oregon Green 488 Z 1 A L CTHfL 2 =5k L 7- E B &5 5 (Fig.
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9N EAREMIZH —ThHol, X laevis LHEOMAAEDLE O ST, X
levis & X. borealis DA ELHICBITDIERL > RE S OE RO M A
AOLHICHRTOIFKEBEORIZFERHT 22 EENATELE0I 2 ETH
%, F7-. Dextran Oregon Green 488 O X 5 724 b L — W — TILTBH T
ERVWEABRMMLORAICB Y2 ETOMMBB L ATETH D, EE. K
EERTIL, ERZH WX AT RIT, @6 b —3— TIHBEU D KN 7R
St. 47 THfranz, 2D X, ¥ A TER~OMEREWOME i,
M R EMERICEBWCEEEZN EEE b0 THDL 2 L 2T,

8-5-2 HHREBFE —HE in situ "NA T VXA P —3 3 &
e PR A (e =Y L = S A e
KW TCOMmEIICLY ., 770V B Y RXAFToLVEWIIXNT S _H in situ

NAT IV A= arbfilaRiEorzoomLnvear M7 R b=
HEY N S v (Tables 3, 4), Z O FHEF, WEH (Fig. 19A-D)
DIH T, 48 (Figs 12, 23) L7720, ##W M (Fig. 19E) L=V +5Z
ClED, MAMOREICHLHEHAAIETH 5,
RKiEZzHER#MIEROBMICEME L, TLVWHM A2/ (Fig. 12), T D
ZEEARENHBHMEROMITICERA THL I LE2ERETLIHDOTH D,
EHIZ, 2o EiE, MESEBRBIOAELLAH, S HICHEEDOMOFEIZ
BWTOHOAREPAD THL I L2B R RT 2, ZO0HEF, b LERT
BHBRHO 7o -7 EMRRE N - — DR OFF2HEAERCTE
HWALTHIE, 77V A0V AHT NV TOMOERETFOMOMBBRTE N L —
—ZEALTEMBOBATICHLEH TE2EEILND,

VHR ST EBRICB T DIE ML, gse & XYbra mRNA & B BERHIE O 4 A7
WAEBRMBT 2 = SORAEHEKOE x OFFEEICKFEL TWD, KO =
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HEBATOKE2DOERAIF, EFRICEBEVWTHEAICRAEIToTZ LD LT L
AMERICEBERELZRS2EEZEZONDL, ZE, UTO =208 BIZ LD,
(DEFRBEMEBEICEWT, gse £720% Ybra 7o —7 % H Wi in
situnA 7V EA = a CERITMBEBHICE T 5 AMEEIEL Fig. 19
OWIZBIT DO ELIFERLETHDL (F—F0) . (2) E&%KYIRERKIZ
B D gse £/ Xbra 7 v —7 % H W78 in situ~xA 7V XA €—
3 TCORAHEKIZ. ) —Fo7ae—T7 R EARINE Y (T —X1K) .
B)IEWHMIFEBIRIC T D8 in situ 26 TlX, 4T Uik gse £ 7=
X DIGHEG, Xbra 70— 71X 290X . DIGHEH gsc T A F =
W Xbra 7w —T7 WX REAKER—-THD (F—F)

Doniach and Musci (1995)I2 K27 7 U B Y AT )V TO =8 in situ
NATIVEA R = arThary hIXAMREL RN EiX, REROR
KX Sive et al. (2000)ICFEH SN TWVWD Z LICEVFHHTEL LI Th
%, Doniach and Musci (1995) &, Magenta-phos % 1 [ H ® % (2, NBT &
BCIP Z# =M HOFAICHEM L7, 1B O3 A % Magenta-phos (2 & 0 1T -
e 7k, 2EIB, 3EIHDOREAODRTIC AP RIEHILOTZH, A X ) —
MIZHK %230 2T o TWD, L2L22nb ., K5O RERIT.
Magenta-phos DIGEMIZ A X J — VTR ICEH S R 3#< 5
Z & &R L7 (Fig. 20), & 512, Sive et al. (2000) %, Magenta—phos
& NBT/BCIP % 1[BIH & 2RIHORBAIZHEMHT 2L, 2B B OKEIE 1HEHA
D~ 222 LIAEZD I LEHEML TS, TDO7®H, Doniach
and Musci (1995) D FIEIC BT 2R EAEEOIERF L A ¥ ) — L TO AP A{E
P b 1%, fH & Magenta-phos DB MEZHF T 27 DI AEHY TH - 7=
EBZOND, 77V AVATZNVITEBTLIAMED FikL="U N ITk
7 % Brent et al. (2003) D HiEx KT 5L, BMMIT KLY in situn
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AT VEAR—va DR NERD ZENTNDARNIEDTTIETIE
EATFUOEB T =73 IR BEORIETIE E<HEHTELN, 2EHEOD
BG TIE % 5 TiE 7 n o> 7= (Table 3), L2>L., Brent et al. (2003) D4
ETIE, S EHEORIETHRIHBENTWD, 202 LiF, MLFETH- T
L, MOBMRITIEIHEERT 20 HFIEOE#EMEIT) 2 E|ELIZIELT L
LA TELZ2HLDOTEHRNI EEZRBL TS,

AFIETIE, ZHDORNA Y —T7 LR AEEN L —Y—D R TDO YV
JrnrzBmEtT oo APRNERABEEEZMN W, LML, F—X T 7
4y YanN—FF X —FE(POD) (72 L., EHEL L TODO HistoMarkORANGE
(Kirkegaard & Perry Laboratories, Gaithersburg, USA) O F|H %, EH
BNy 7 777 ROROBEELDTEOARE) RCHNDF 72 EOM
DRHFZOFAIE, RAEBEOEZRY ZRHT 2088 L & WS IR
R E R T D ZOICHI AN,

8-6 NNJE X XenopusTE i izl 52 —C o H ja J5 8 il 48 2 &L 3
DNA 2 D #HE 13, Xenopus DMl R EHWTHELIFAEI N TE 2,

iR x, MRBEMAEIT ST 22D BERETCOEEEZFFS, 20
O AN AONTEETREIZZ N7 EAKR e LICE O DNA & E 84
%5 Z &N TE D (Blow and Laskey, 1988; Adachi and Laemmli, 1992), =
E.BFEEYA 7 m~F 22 F(10mg/ml) & & de 55 H K P T DNA %
BHS 2 (F—40) . 2hboTF—XiF, RECL2EROBEFIXY

JEAEREBEB LRV EERET D, DNA DT A4 7 (T, DNA
BROZOICHEERRHKFE TH D, Minichromosome maintenance (MCMs)
DEIMT A ZIHTIL origin recognition complex (ORC) ¥ L O
Cde6 "H LN L HEH LT DNAIZH & T S (Blow, 2001), A4 7
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DETH. DNA RI AT —E2EFLEMA -2 DN LR END, 24
Z Xk DNA RIZZ v RIVBHEAERRBERIND, 206D F X7 EH
EERPEDLSICENEZ T AN ERMT HDIC, S OLRDHIMEDME
Th oD, 80MPa OE )2 DNA B ZPHF 92 2 & T S HiMfa <o DNA 5
CRA R GEE S 2DV R TOMEIT, F MO X 5 72 85

fiCEmEZMADIEHOATRENZ RET 5,
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i B

WHREREAICE BEHRIBLO N CEEN IR LOREICY Y,
ZRVDOTERIHBEZHEELL, ZOZHHNICHELSEHELHP L LT F
3, J. B. Gurdon f+ 751 X. borealis % . K. W. Y. Cho & J. C. Smith
MENBILK % gse & XbrazFiH>7 7 AI REZMMEHESELLE BAER.
SHIBSLEAEICIX., in situ "A T IV EFAB—T a VIZHT HEINE 2T
RANA 2 & FHEE. S, Moody, J. Gerhart, A.Grimaldi, K. Takano I& -+
SHBE, DNRJIEM, LR RRK, BN -HEEICIE, —BORIIERD
THREAEWEREEELE, COMEOELIF, UM KFE O LWABEE, EAX
s, RASEAE, BERFHEREH RWE. WoRR SFHERZEE. FH
b7® mBCRZz L CHERERSE REEMFMERECHTBELEDE
AR, TRERH#Hm. HWHBEBE. HEEAK. REEKEKE oML B
T, ¥ A8 T HA FE AHBEDERICE, EINMRH A2 TE
TE L, UEoH2xIl . 2052 B0 THESIEHOBEZRL £7,
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Fig. 1. Regular and symmetrical patterns of cleavage and pigmentation, and sides of
normal embryos at the early cleavage stages. Animal pole views of the embryos at the
4- (A), 8- (B), 16- (C), and 32- (D) cell stages. D, dorsal; V, ventral; L, left; R, right.
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Fig. 2. Progeny distribution analysis for the overall body of the regulated larvae developed
from the right halves and the normal larvae. (A) Levels of transverse sections analyzed
along the anteroposterior axis of the tailbud larva. The numbered section cut through the
following tissues or locations: 1, telencephalon; 2, diencephalon, pharyngeal endoderm
anterior to the first visceral pouch; 3, retina, cement gland, mesencephalon; 4, ear vesicle,
rhombencephalon; 5, pronephric anlage; 6, 7, 8, the intervals between sections 5 and 9 were
all the same; 9, anus; 10, the position halfway between Nos. 9 and 11; 11, chordoneural
hinge. (B) Symmetrically placed grids in the tissue of a standardized drawing at level 5.
Only the hypochord has one grid, as it is observed as a single cell.
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Fig. 3. Analysis on the ectodermal tissues in the regulated larvae developed from the embryos
lacking all animal dorsal blastomeres and the normal larvae. (A) Illustration of a tailbud larvae
(stage 32) and the positions of the analyzed transverse sections in an embryo. No. 8, section
through the otocyst; No. 18, section through the anus. Within each of the three regions divided
by No. 8 and No. 18, the intervals among the numbered sections were the same. The distribution
of labeled cells in the central nervous system (CNS) and epidermis of a camera lucida drawing
from the transverse section of an embryo (B) and the reconstructed clonal domain in the CNS
(C) and epidermis (D). The regions where stained cells predominate or are a minor population
are represented by large or small dots, respectively (C, D). The numbered epidermal area indi-
cated with the solid and dashed lines with arrowheads in (B) and (D) correspond to each other,
respectively. The solid line with arrowheads indicates the epidermal region where labeled cells
predominate. In (B), the two outermost stained epidermal parts in this region are shorter than the
unstained parts located on the outer side of these stained parts and are longer than the unstained
parts located on the inner sides of these stained parts, respectively. In (D), the solid line inter-
sects the region in the clonal domain, which is represented by large dots. The dashed lines with
arrowheads show the epidermal regions with less incidence of labeled cells. In (D), the line in-
tersects the region in the clonal domain, which is represented by small dots. See Fig.14 and 16
for the orientation and sides of views in (C) and (D), respectively.



Fig. 4. Tracer injected blastomeres and the distributions of their descendants in normal and
right half embryos. (A, B) Graphical representation of the animal pole view of a normal (A)
and a right half (B) embryo at the 4-cell stage, and the nomenclature of the right blasto-
meres. (C-H) Distribution images of the descendants of the labeled 4-cell stage right dorsal
blastomere in a whole (normal) embryo (C; 8-cell stage) and an identical whole tailbud lar-
va (E, G; stage 26) (W-RD), and in a right half (RH) embryo (D; 8-cell stage) and an identi-
cal regulated tailbud larva (F, H; stage 27) (RH-RD). Note that the fluorescence seen in A-H
is derived from not only the epidermis but also the inner tissues, due to the thinness of the
epidermis at this stage. The magnification in E-H is the same, and the samples are viewed
from the animal pole (C, D), right side (E, F) and left side (G, H). The orientations of the
embryos in A-D are the same. Abbreviations: D, dorsal; V, ventral; L, left; R, right; RD,
right dorsal; RV, right ventral.
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Fig. 5. Representative distributions of the labeled blastomere progeny in the ectoderm of
regulated right half (RH) and normal embryos at the late gastrula or early neurula stage. (A,
C) A right dorsal blastomere-labeled whole (normal) embryo (W-RD) at St. 15. (B, D) A
right dorsal blastomere-labeled regulated RH embryo (RH-RD) at St. 13. (e, g) (E, G) A
right ventral blastomere-labeled whole embryo (W-RV) at St. 18 and 17. A right ventral
blastomere-labeled regulated RH embryo (RH-RV) at St. 15 and 14. The dashed lines indi-
cate the margin of the neural plate or the top of the neural fold. Embryos are viewed from
the anterior (A, B, E, F) and dorsal (C, D, G, H) sides. A, anterior; P, posterior; L, left; R,
right.



Fig. 6. Section images showing representative distributions of the labeled blastomere progeny
in normal and regulated tailbud larvae from RH embryos. (A-F) The right dorsal blastomere-
labeled whole (normal) larvae (W-RD). (G-L) The right ventral blastomere-labeled whole lar-
vae (W-RV). (M-R) The right dorsal blastomere-labeled regulated larvae (RH-RD). (S-X) The
right ventral blastomere-labeled regulated larvae (RH-RV). The numbers on the uppermost col-
umn indicate the analyzed section levels (Fig. 2). The right and the left sides in the panels coin-
cide with those in the embryos, with the dorsal being the top and the ventral the bottom.
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Fig. 7. Statistical distribution maps of the blastomere clones in normal and regulated tailbud larvae from RH embryos. Gradation in the blue or
red color in the grid indicates the population percentage of the right dorsal or right ventral blastomere clone (the right upper corner of the

figure). The numbers on the upper line indicate the analyzed section levels (Fig. 2A). The rectangles in the upper right corner of the panels, at
levels 5-10, show the magnified tissues around the hypochord. The abbreviations at the left end of the panel lines and the orientations of the
embryos in the panels are the same as in Fig. 6. ha, heart anlage; hm, head mesenchyme; hy, hypochord; 1, liver; n, notochord; p, pronephric

anlage; s, somite.



Fig. 8. Distribution of the right ventral blastomere progeny in the notochord and hypo-
chord of the normal and regulated larvae. (A, B) The progeny distribution of the right ven-
tral blastomere in an identical whole (normal) larva (W-RV). In the notochord, no descend-
ents were seen in either section. In the hypochord, a descendant cell is seen at level 8 (A),
but not at level 7 (B). (C-F) The progeny distribution of the right ventral blastomere in the
regulated larvae (RH-RV). In the notochord, the descendants are distributed in the ventral
(C), right (D), center and left (E) regions in three independent larvae, but were not seen in
another larva (F). In the hypochord, a descendant cell is seen in C and D, but not in E and
F. The orientations of the embryos are the same as in Fig. 6.
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Fig. 9. Descendants of the ventral left blastomeres contribute to the dorsal axial structure,
when these blastomeres were transplanted into the position of the dorsal right blastomeres
at the 8-cell stage. (A-C) Schematic representations of the animal pole view for the cell
tracing and transplantation. The ventral left (A) and dorsal right (B) blastomeres in normal
embryos are injected with Dextran Oregon Green 488, while the labeled ventral left blasto-
meres were transplanted, with reversed the left-right and dorsoventral orientations, into the
position of the dorsal right blastomeres in a host embryo (C). The vertical and horizontal
lines and the inner circle in the figure represent the first, second and third cleavage planes,
respectively. The dorso-ventral direction of the blastomere is shown by the direction of the
letters. (D-F) Normally proportioned tailbud larvae developed from the embryos in A-C,
respectively. (G-1) Distributions of the labeled blastomere progeny at the level of the ear
vesicle, which are indicated with the solid lines in D-F. In the section in (I), the labeled
ventral left blastomere progeny are distributed in the notochord, brain, somite, ear vesicle,
epidermis, and endoderm, mostly on the right side, showing similar distribution pattern to
the dorsal right blastomere progeny in the normal larva (H), but clearly different distribu-
tion pattern from the counterpart progeny in the normal larva (G). AD, animal dorsal; AV,
animal ventral; VD, vegetal dorsal; VV, vegetal ventral; L, left; R, right.
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Fig. 10. Development of a chimera made by fusion of two right halves. (A) A schematic rep-
resentation of a chimera (viewed from the animal pole, x) . The left half of an 8-cell embryo
was replaced by the right half of another 8-cell embryo, the dorso-ventral orientations of the
two halves being opposite. This replacement was done between embryos of X. laevis and a
hybrid between X. laevis and X. borealis (green). See Fig. 9. for the explanation of the draw-
ing and abbreviations. (B) A vegetal view of a chimera invaginating at two subequatorial
places close to the dorsal-most ends of dorsal blastomere progeny (arrow heads). (C) A mir-
ror-symmetrical double-dorsal duplicated embryos developed from the embryo in A, B.



Fig. 11. Quinacrine-stained transverse section of a chimeric double embryo. (A) A whole
view field showing two sets of the notochord and neural tube. (B) A magnified view of the
neural tube and notochord enclosed in a frame in A. The left half of the neural tube and that
of the notochord consist mainly of cells with bright spots showing the hybrid cells. On the
other hand, the right half is occupied mostly by cells without spots indicating X. laevis. The
upper tissue, neural tube; the tissue having vacuoles, notochord. (C) The magnified views of
the two parts in the neural tube enclosed by frames in B. The arrowheads indicate the
cells with the bright spots.



Fig. 12. Spatial gene expression patterns in gsc and Xbra in a blastomere-transplanted em-
bryo. (A) Diagrammatic representation of a transplantation experiment (a left side view).
The four dorsal marginal blastomeres (the main ancestor of the organizer) of a host 32-cell
stage embryo were replaced by four Dextran Oregon Green 488-injected animal ventral
blastomeres (the main ancestor of the epidermis) of another same stage embryo maintain-
ing the original animal-vegetal orientation. AP, animal pole; D, dorsal; V, ventral; VP, veg-
etal pole. (B) Double in situ hybridization in combination with cell lineage tracing in a late
gastrula recipient. The fixed embryo was cut along the dorsal midline, triple stained and
bleached. The gastrula was stained for gsc with 5-bromo-4-chloro-3-indolyl-phosphate
(BCIP) (bluish purple), for Xbra with 4-nitroblue tetrazolium chloride (NBT)/BCIP (dark
purple) and for descendants of the Dextran Oregon Green 488-injected blastomeres with
Fast Red (red). gsc and Xbra are mutually exclusively expressed in the traced cells deriv-
ing from the transplanted animal ventral blastomeres. The right side is the head, and the
top is the dorsal.



Fig. 13. Development of an embryo lacking all animal dorsal blastomeres and a normal
embryo, and the distribution of the traced blastomere clone in the central nervous sys-
tem (CNS) and epidermis. (A-C) Animal views of the 16-cell Xenopus embryos. The
upper side is ventral and the lower one is dorsal. (A) A photograph of an embryo with
typical pigmentation and cleavage patterns. The blastomere arrangement of the animal
dorsal is somewhat different from that of animal ventral. Pigmentation is darker in ven-
tral blastomeres than dorsal ones. (B) A diagram schematizing the composition of blas-
tomeres of a normal 16-cell embryo. The vertical, horizontal, and oblique lines and the
inner circle represent the first, second, fourth and third cleavage planes, respectively.
(C) A diagram of an embryo lacking all animal dorsal blastomeres. Removed two D1.1
and two D1.2 blastomeres are represented by the filled-in areas. (D) A regulated em-
bryo, derived from a defect embryo lacking all animal dorsal blastomeres (top) and a
normal embryo (lower), at stage 32. The regulated embryo has a complete pattern with a
body length leaching 90% or more of a normal one. (E, F) Progeny distributions of sin-
gle blastomeres labeled with fluorescein-dextran-amine (FDA), in the views of whole
(E) and the mesencephalon (F) of the transverse sections.
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Fig. 14. Diagrams of the position of labeled cells arising from V1.1 in the CNS after Jacobson and Hirose (1981). (A) Distribution of labeled
cells in individual normal embryos. (B) Appearance probability of labeled region in a normal embryo. (C) Distribution of labeled cells in indi-
vidual regulated embryos. (D) Appearance probability of labeled region in a regulated embryo. Stippling in the CNS indicates the region in
which labeled cells were found. The area with large dots represents the region occupied by a major volume of the descendants of the labeled
blastomere. The area with small dots represents the region in which a minor volume of labeled cells was dispersed. The upper four and lower
two rectangles in the right of the figure indicate the appearance probabilities of the labeled regions represented with the large and small dots,
respectively. The overlapped region with both large and small dots is represented by the large dots only. The upper side is the rostral end and the
lower side is the caudal end. D, diencephalon; DD, dorsal diencephalon; DM, dorsal mesencephalon; DR, dorsal rhombencephalon; DS, dorsal
spinal cord; DT, dorsal telencephalon; M, mesencephalon; R, rhombencephalon; S, spinal cord; T, telencephalon; VD, ventral diencephalon;
VM, ventral mesencephalon; VR, ventral rhombencephalon; VS, ventral spinal cord; VT, ventral telencephalon.
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Fig. 15. Diagrams of the position of labeled cells arising from V1.2 in the CNS. (A) Distribution of labeled cells in individual
normal embryos. (B) Appearance probability of labeled region in a normal embryo. (C) Distribution of labeled cells in individ-

ual regulated embryos. (D) Appearance probability of labeled region in a regulated embryo. See the legend of Fig. 14 for de-
tails.
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Fig. 16. Diagrams of the position of labeled cells arising from V1.1 in the epidermis. (A) Distribution of labeled cells in
individual normal embryos. (B) Appearance probability of labeled region in a normal embryo. (C) Distribution of labeled
cells in individual regulated embryos. (D) Appearance probability of labeled region in a regulated embryo. Stippling in the
figures of the tailbud larvae indicates the regions in which labeled cells were found. See the explanation at Fig. 3 for the

area with large and small dots. See the explanation at Fig. 14 for the upper four and lower two rectangles in the right of the
figure.



>76%
FEe1-75%
EEiE 26-50%
B 1-25%
) 26-50%

1-25%

R

s

Fig. 17. Diagrams of the position of labeled cells arising from V1.2 in the epidermis. (A) Distribution of labeled cells in
individual normal embryos. (B) Appearance probability of labeled region in a normal embryo. (C) Distribution of labeled
cells in individual regulated embryos. (D) Appearance probability of labeled region in a regulated embryo. See the explana-
tion at Fig. 3 for the area with large and small dots, and see the explanation at Fig. 14 for the upper four and lower two rec-
tangles in the right of the figure.



Fig. 18. Quinacrine-stained intestinal cell nuclei. Larvae were allowed to develop unitl stage
55. Pieces of the tissue were squashed and then stained with quinacrine. The cell nuclei of X.
borealis (B) and a hybrid (C) show bright fluorescent spots, whereas those of X. laevis fluo-

resce only homogeneously (A).
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Fig. 19. Examples of triple stained early gastrula embryos by double in situ hybridization in
combination with cell lineage tracing in a whole-mount Xenopus embryo. In all embryos, a
biotin labeling for gsc and a digoxigenin labeling for Xbra were detected in the first and sec-
ond reactions, respectively. Alkaline phosphatase activity remaining after the first chromo-
genic reaction was inactivated by immersion in 0.1 M glycine-HCI (pH 2) containing 1%
Tween 20 for 40 min (A and B), or dehydration in methanol following an incubation at 65°C
for 10 min in Maleic acid buffer (MAB) containing 10 mM ethylenediaminetetraacetic acid
(EDTA) (C, D and E). Fixation of the embryos after the second reaction was carried out
overnight with Bouin’s fixative without picric acid. Cell lineage tracer was immunostained at
the third reaction. (A) A whole-mount wild-type embryo, stained with 5-bromo-4-chloro-3-
indolyl-phosphate (BCIP) first (blue, for gsc), S5-bromo-6-chloro-3-indolyl phosphate
(magentaphos) second (magenta, for Xbra) and Fast Red third (red, for the lineage traced
cells). The sample was photographed before bleaching. (B) An embryo identical to (A) after
bleaching. (C) A whole-mount albino embryo stained with BCIP (blue, for gsc), 4-
nitrobluetetrazolium chloride (NBT)/BCIP (dark purple, for Xbra) and Fast Red (red, for the
lineage traced cells) in order. (D) A whole-mount wild-type embryo, sequentially stained
with BCIP (blue, for gsc), Magenta-phos (magenta, for Xbra) and Vector Black (black, for
the lineage traced cells) and bleached, in an aqueous solution. (E) An embryo identical to (D)
in the clearing solution.



Fig. 20. Unfixed Magenta-phos stain easily dissolves in methanol. After overnight methanol
incubation, the Magentaphos staining is greatly reduced in unfixed samples (the lower tier),
but not in samples fixed with Bouin’s fixative without picric acid (the upper tier). The em-
bryos are non-bleached wild-type ones and are stained for gsc with Magenta-phos.



Fig. 21. Fixation for 2 h with Bouin’s fixative inactivates alkaline phosphatase. The sam-
ples, which had been injected with Dextran Oregon Green 488, were reacted with alkaline
phosphatase-coupled anti-fluorescein antibodies, and fixed for 2 h with Bouin’s fixative
containing picric acid (A), Bouin’s fixative without picric acid (B) and MEMFA (C). The
non-fixation control was sample (D). Remaining alkaline phosphatase activity was as-
sayed using Fast Red. Alkaline phosphatase is inactivated completely in (A) and (B),
while little activity remains in (C).



Fig. 22. Bleaching of the embryos should be carried out after the third staining. Bleaching
after fixation following the second-round staining brings a strong background staining
against a third Fast Red reaction (the left sample), while bleaching after the third staining
results in almost no background staining (the middle sample). The right embryo is a non-
bleached control. In all of the samples, Fast Red staining was carried out in the third-round
reaction. Animal pole views. The stainings for double in situ hybridization are not seen
from this direction.



Fig. 23. Double in situ hybridization in combination with cell lineage tracing in a hemi-
sectioned embryo. A fixed wild-type normal middle gastrula was cut along the dorsal mid-
line, triple stained and bleached. The embryo was stained for gsc with 5-bromo-4-chloro-
3-indolyl-phosphate (BCIP) (blue), for Xbra with 4-nitroblue tetrazolium chloride (NBT)/
BCIP (brown/violet) and for descendants of the cell lineage tracer-injected blastomeres
with Fast Red (red).
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Fig. 24. Pressure effects on cell-cycle progression of sperm nuclei. (A) Sperm nuclei were
incubated in pressure-untreated (0.1 MPa) or 80 MPa -treated cycling extracts at 23°C and
atmospheric pressure. (B) Pressure effects on appearance of M-phase nuclei. Sperm nuclei
were incubated at 23°C in pressure-untreated cycling extracts (o) and 80MPa-treated ones
(A). On the other hand, 80 MPa-treated sperm nuclei (0) were incubated in pressure-
untreated cycling extracts. Values are means + SD for three independent experiments.
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Fig. 25. Pressure effects on incorporation of biotin-16-dUTP into sperm nuclei. Relative
amount of incorporated biotin-16-dUTP was estimated from fluorescence intensities of avi-
din-FITC and PI. Values are means + SD for three independent experiments.
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Fig. 26. Putative distributions of the 4-cell stage right blastomere clones projected on the
previously proposed gastrula and neurula fate maps. The cell percentages of the right dorsal
and right ventral blastomere clones in the region are represented as blue and red dots, respec-
tively. The left and right halves of the panels in the figure show normal embryos, and a right
half embryo or regulated right half embryos, respectively. (A, B) Animal views of a normal
embryo (A) and a half embryo (B) at the 4-cell stage. The prospective dorsal and ventral
midlines are represented with the blue and red arrowheads. (C-F) Superficial layers of the
stage 10 embryos. (G-J) Views of the involuting marginal zone of the stage 10 embryos. (K-
N) Views of the involuting marginal zone of the mid-gastrula stage embryos. The sides of
the views in (C-N) are indicated on the upper line of the panel rows. (O-R) Views of the gas-
trocoel roof at stage 15, cut transversely into the anterior (O, Q) and posterior (P, R) seg-
ments. To make it easy to see the stipples, the marking of the prospective tissues with dis-
tinct colors was performed only for the views of the left side (C, G, K) and the gastrocoel
roof (O, P) in the normal embryos. The bluish colors represent the presumptive ectoderm
(cyan: epidermis, pale purple: anterior neural, sky blue: posterior neural ectoderm), the red-
dish and yellow colors represent the presumptive mesoderm (magenta: notochordal, yellow:
somitic, orange: head, lateral and ventral mesoderm), the greenish and gray colors represent
the presumptive endoderm (yellow-green: supra-blastoporal endoderm, green: sub-
blastoporal endoderm, gray: hypochord). The clone distributions in the head and lateral mes-
oderm (orange) in the regulated embryo (M, N) are based on the assumption that the move-
ment of the prospective heart and the anterior lateral plate toward the ventral midline pro-
gress symmetrically after the mid-gastrula stage. The fate maps in (C-F, O-R) and in (G-N)
are quoted from Shook et al. (2004) and Keller et al. (2003). L, left; R, right; D, dorsal; V,
ventral; An, animal; Vg, vegetal; A, anterior; P, posterior.
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Fig. 27. Presumptive clonal organization of the ectoderm in stage 14 embryos. (A) A con-
trol embryo. (B) A regulated embryo derived from a defect embryo lacking all animal
dorsal blastomeres. The upper illustrations show the diagrams schematizing the composi-
tion of blastomeres of two types of 16-cell embryos. The middle illustrations are dorsal
views and the lower ones are lateral views. The dashed lines show the ridges of the neural
folds.



Table 1. Experimental conditions of dejelly, sterilization, medium and microinjection.

Embryo type Cell lineage tracer Injector type ;
Reagent for ~ Reagent for Medium for operation ! YP¢ Medium used
g g p thereafter
dejelly sterilization ~ and microinjection Volume (nl/cell) healin
(Chapter - subchapter) Reagent Concentration Awo: stage) (Manufacturer) &
Right half embryos L-cysteine gentamicin .
hydrochloride 60% MRt~ Dextanoregon ae0 o 2ord6 o NanojectIl sy p
Y Green 488 (4 or 8) (Drummond)
(3-1) monohydrate’ sulfate®
. . o .
Hro embryos whose dorsal h-ov\mSE.o gentamicin 100% Steinberg Dextran Oregon . Nanoject I 10% Steinberg
right blastomeres are re- hydrochloride 0.108% in H,O 9.2 (4) )
placed (3-2) monohydrate sulfate solution Green 488 (Drummond) solution
Chimeras of the right P
- . - o .
halves of X. _mm<_.m and . sodium , toluenesulphone L-15 FCS® 10% mS.E_uowm
Xenopus hybrid thioglycolate chloramide’ solution
(3-2)
. i 0 . o) :
H.ro embryos lacking all sodium P 100% Steinberg Fluorescein- 10%in Model IM-1  10% Steinberg
animal dorsal blastomeres thioglycolate toluenesulphone Dextran-Amine 0.6 (16 or 32) (Narishige) solution
5) chloramide solution 0.2N KCl1
. . o .
The oB@QOm whose dorsal h-ov\mﬁQ:.o gentamicin 100% Steinberg Dextran Oregon . 0.5 or 0.25 Model IM-1  10% Steinberg
marginal blastomeres are hydrochloride 0.5% in H,O .. .
replaced (4) monohydrate sulfate solution Green 488 (16 or 32) (Narishige) solution

12.5% solution in H,0 (pH 7.8-8.0). *2.5% solution in H,0 (pH 9.0). $50 pg/ml in the medium. "Treatment with 0.1% solution in 100% Steinberg solution for 2 min.
""Modified amphibian Ringer’s solution (Larabell et al., 1996). “50% Leibovitz medium supplemented with 10% fetal calf serum.



Table 2. The mean values of the standard errors
for the measured progeny percentages in all the
grids on the side.

1ab]i;2§r§;;}; I;el-ere Right side Left side Both sides
RH-RD 6.1 5.2 5.6
W-RD 54 2.1 37
RH-RV 7.7 6.7 7.1
W-RV 6.5 1.2 3.7

" Abbreviation: see the legend for Fig. 5.



Table 3.  Experimental protocol and notes for the triple staining in a whole-mount Xenopus embryo

Experimental protocol

MNotes

%]

temperature.

3. Hemisection the embryos in 75-100% ethanol, if examination inside

the embryos is necessary.

4. Pre-hybridize the embryos in a hybridization solution for 4-6 h at 60°C

with agitation in a hybridization oven.

5. Hybridize the embryos simultaneously with a biotin-labeled goosecoid
(gsc) probe (400-650 ng/mL) and a digoxigenin-labeled Xenopus
brachyury (Xbra) probe (200 ng/mL) with agitation overnight (12-16 h)

at 60°C in a hybridization oven.

6. First-round immunostaining for the biotin-labeled gsc probe™.

7. Wash samples 3 times in MAB for 5 min
8. Inactivate the AP activity by either of the following methods:

(1) Incubate in MAB containing 10 mm EDTA at 65°C for 10 min and

dehydrate in methanol.

(2) Incubate for 40 min in 0.1 m glycine-HCI (pH 2) containing 1%

Tween 20.

9. Wash samples more than four times in MAB for 10 min.

10. Second-round immunostaining for the digoxigenin-labeled probe’.

11. Fix double stains overnight with Bouin's fixative without picric acid.
12. Wash the embryos several times for less than 1 hin total in 50%

ethanol-50% PBS containing 0.1% Tween 20.

13. Third-round immunostaining for cell lineage tracer with Fast

Red or Vector Black.™

14. Wash samples three to five times in 50% ethanol-50% MAB for 5 min

15. Bleaching of the pigment of the embryos.

16. Refix the stains with Bouin's fixative without picric acid. Wash the
embryos with MAB more than four times for 10 min, dehydrate in an

ethanol series, and clear the embryos in BBEA.

. Microinject the cell lineage tracer Dextran Oregon Green 488 into the
blastomere(s) of embryos. Allow to develop until appropriate stages.
. Fix with MEMFA fixative for 2 h or over night, shaking at room

Dextran Oregon Green 488: 0.5% in H,O, 0.25 or
0.5 nL/blastomere at 16- or 32-cell stage embryos.
After fixation, dehydrate the samples in an ethanol series.

Store the 100% ethanol-immersed samples at -85°C.

Use higher concentration (400-650 ng/mL) of the biotin-
labeled gsc probe compared to the digoxigenin-labeled
Xbra probe (200 ng/mL).

Use high dilution (1:7000) of anti-biotin-alkaline
phosphatase (AP) Fab fragments to avoid background
staining.

See Table 2 for the chromogens.

(1) Confine the dehydration time with the methanaol to within
1 h lo aveid decreasing the first BCIP staining.

(2) Sufficient washing for glycine-HCl is needed after
inactivation.

See Table 2 for suitably ordered combinations of
chromogens for the AP inactivation methods.

Do not use fixatives, as they decrease the detection
sensitivity for the DIG-labeled probe in the second reaction.

Use a 1:2000 diluent of anti-digoxigenin-AP Fab fragments.
See Table 2 for the chromogens.

Fixation is sufficient for the inactivation of AP activity.

When a polyvinyl alcohol AP buffer is used for the second
NBT/BCIP reaction, wash several times with MAB before this
washing.

Use a 1:6000 (Fast Red) or 1:10 000 (Vector Black) diluent
of anti-fluorescein-AP Fab fragments.

Use 1/5 strength substrate working solution and add the
albino embryos from the starting process as the staining
controls (Vector Black).

Stop premature reactions.

See Table 2 for the chromogens.

Bleaching solution: 1% H,0,, 5% formamide, 0.5 x SSC.
Required after the third staining.

Only in the case of substrate combination of BCIF, Magenta-
phos and Vector Black.

Use samples with intense in situ stainings.

"When staining regions overlap, make a photo-record of each sample at each step. "When using Vector Black, do not use Tween
20 in any of the processes including hybridization. AP, alkaline phosphatase; BCIP, 5-bromo-4-chloro-3-indolyl-phosphate;
DIG, digoxygenin; EDTA, ethylenediaminetetraacetic acid; MAB, Maleic acid buffer; MEMFA, MOPS/EGTA/Magnesium/Sulfate/
Formaldehyde; NBT, 4-nitroblue tetrazolium chloride; PBS, phosphate-buffered saline; SSC, sodium chloride/sodium citrate.



Table 4. Ordered combinations of chromogens, the alkaline phosphatase (AP) inactivation methods after the first reaction and their

compatibilities for triple staining

Chromogens used in each reaction

AP inactivation method

First (in situ) Second (in situ) Third (lineage tracing) after the first reaction Suitable for triple staining?
BCIP Magenta-phos Fast Red 10 mm EDTA and methanol” Yes®

Magenta-phos BCIP Fast Red 10 mm EDTA and methanol” Nof

BCIP NBT/BCIP Fast Red 10 mm EDTA and methanol® Yes'

BCIP Magenta-phos Fast Red Gly-HCF Yes®

Magenta-phos BCIP Fast Red Gly-HCF Yes'

BCIP NBT/BCIP Fast Red Gly-HCI* Yes™

BCIP Magenta-phos Vector Black 10 mm EDTA and methanol Yes®

“Incubation at 65°C for 10 min in MAB containing 10 mm ethylenediaminetetraacetic acid (EDTA) and dehydrated in methanol for
30-60 min. *Incubation for 40 min in 0.1 m glycine-HCI (pH 2) containing 1% Tween 20. Use 5-bromo-4-chloro-3-indolyl-phosphate
(BCIP) for the gene for a more intense contrast with Fast Red. 5-bromo-6-chloro-3-indolyl phosphate (Magenta-phos) should be
reacted at 37°C for one to several days. "Magenta-phos staining dissolves in the methanol but not in glycine-HCI. ™Suitable for the
investigation of separate gene expression domains, but not overlapping gene expression domains. 4-nitroblue tetrazolium chloride/
5-bromo-4-chloro-3-indolyl-phosphate (NBT/BCIP) has better color contrast to Fast Red than magenta-phos. BCIP should be fully
reacted while NBT/BCIP staining should be stopped somewhat prematurely. Use polyvinyl alcohol AP buffer and/or incubate at a low

temperature for NBT/BCIP staining to repress background staining.



