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Mesodermal Patterning in Ascidian Embryos
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Abstract

In ascidians, a primitive chordate, maternal cytoplasmic factors and inductive
interactions are involved in the specification of cell fate in early embryos. The
larval structure of ascidians is relatively simple, and the major mesodermal tissues
of the tadpole larva are notochord, muscle and mesemchyme. Formation of muscle
cells is a cell-autonomous process, and localized maternal macho-I mRNA specify
muscle fate in the posterior marginal zone of the early embryo. In contrast,
inductive influence from endoderm precursors plays important roles in the
specification of notochord and mesenchyme fates. FGF-Ras-MAPK signaling is
involved in the induction of both tissues. The difference in responsiveness of the
posterior mesenchyme and anterior notochord precursors is caused by the presence
or absence of the posterior-vegetal egg cytoplasm, respectively. In these cases,
directed signal may polarizes the responding cells and cause asymmetric cell

divisions that operate in both the anterior and posterior regions.

Introduction

dAl= 225 EE (phylum Chordata)d] &£3les 3% LHZFEZ 3o
2%g 3t YE A (tadpole larva)e HAIZE 9 YA ZAM SAMSL )
£ 3tz oz FEZHoh {7 dAFHeE FH FRAA Ui 2
olZ2& #Aol 2} (notochord; HA)g 7FA|H, 11 AR HFFE AP

& 'S A3 (nerve cord)S FAMTTH HAe LAAREH YL ESY 4
FAEE AHEHO ghoy, Bxola UAS e HEF FEZ dHA ok
53], 25429 FAHE AHste Z4AFE ZAHAA (maternal cytoplasmic
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determinants; myoplasm)© 83ttt HA v (embryo) TAAAH ] EFJo =2 9
A A719 ME TARE A5e AE (1107 AF), AR Holg
o]Z ke T (cleavage) ¥4, 11 777X EAo] wvinH WE R
2 5 & Utk 27 WLAIIAA MEAR (cell lineage)7t S5 2As)
AL, 7 FAAEEY #8 makesE chstA Fulsol ok WA wE
H0AZ7] Axe] 27 BAVAZRE wl@Ld SolshA T (blastomeres)S
4] (isolation)d 4~ glor, 23 §F=E AZF (recombination)d}d AL
258 vd AESZAA AT & Atk 22, o4y A7ASA sl
genome projects (http://spider.jgi-psf.org/programs/ciona/ciona_mainpage.html,
http://www.genome.ad.jp/magest/, http://ghost.zool.kyoto-u.ac.jp/indexrl.html)7} 43}
Ho] MY ET A7 RAFEE ¢ HgA W] e

{1104 27] W& 43 EEe e st 23S IS
WA (developmental fates)o] ZAZHo] ot oyl z} IFE 3o
F-2ul (partial embryos)Z 4] wjF3td, AW S wat 2RI dojd
o ERAe "W R FAAAM EEAEE AHAAY A=Y HE
Z}-g (inductive interactions)ol] 2]} ZFu] (mesoderm)e] A3z} patterning©]
FYPETe ASs Bt WA A9 Fad FuldERFH 2 JHH, 2%
(muscle) 1813 Z+3 3 (mesenchyme) AIXE & 4 Aot AT FA vj9
A Eukf (vegetal hemisphere) 7} Ao Fu]lg AFAMEE (precursors)o]
)&k, FYo WelY (endoderm) AFA X7} 2] gkt

Maternal macho-1 mRNA determines muscle fate

B FAL vRde Ha &9 FEo ZSAEI EAFA FE olF
13 A7A FIRES dt) olg ZHAHEY EE (14 S5A4X)L 84
E7)e] AENT 3T BADAAN KRS WA ZSAE 22} Z5A
IEL FH7t d29, AXES JAXME FEFES BeE ot dA
AdF3HAKOl SHFHEY FHLHL 329 5 Axd G EAste ¢
Ao ojste] AFATE Ao] olw 10064d Ao AAHAT}E FHO|FE A%
o) WM X s8] (dissociation) A T z} ME7|A 2§ AFHEY £
AR 93 1z ZSAE E3le AE AEF H}A(a cell-autonomous
process)©. 2 ZAAF At o] WY E3 ¢ € ARV vl AEAS
BEAHoZ AAstd HI (epidermis) AIEE £33 9 7 (FFAH 29
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EHL 7HARA &)l o2 (transplantation)st= AP L T3t ZHAHAE AA
A7 BE7F ZAME{T. 54X AAAAE G AEF FHAEF
(posterior-vegetal cytoplasm; PVC) o 9 x|3}m, 84 X719 B4.1 &7 A
gEs Zo| B AT PVCIE AAE dAbA HAZ vle 259 Ao
A = Ak

AT ZHAME AAJNAY #33E FHEZA macho-I mRNAZL cloning®] ¢}
t}. whole-mount in situ hybridization®l] 23} macho-1 mRNAS] B X = A xz
o]d] A¥o] <ot ZAIR AFW YXFAT. =, macho-l mRNAE Fz}o)
PVCY] ZA)3tH o, §4|E7ldl= Ba.1&Fo ZFARTh macho-]I mRNAE =}
LA wjdME ZHAHAE E37F FosiA FFH A macho-I mRNA
o] th3l antisense oligonucleotide (phosphorothioate oligo)E v|4=A &of] FY s}
maternal macho-I mRNAE AAE §F, 435 LA FAL v]R FA4o
A oldg RAon ZSARE A FAHA 4. 4 JFAE ZSAX
T =3 5L st e 2aF ZHAEY]l FUAHNUY. E3,
macho-1 mRNAZ} A AH FRb in viro A3 F macho-1 mRNAE F3 &
B4.1 &7 & &3t 12 Z5AHX FAHE AR A 2/AX B3]
dojyttt. t§2-°], maternal macho-I mRNAZ} AAR dRpoA ZSAE 4
QA7 Exste AEA 995 AR ®23 AFET) oldaHes W &
SAEY] o] A BFAHA FUtth o8 A=, macho-1 mRNA7F &
SAE B3E 2H%e B4 AEE JdAY S FHET

Inductive interaction is required for notochord
and mesenchyme formation

P ZEAEY FHANA AAE AAY A wlE ZAola By FAL
Holt #H, 44T BFAALY G4 YoMt FEo] 8 2FF wA
g uehdth 13F ATETE SAEIAN 10AZA7AA 2 eAdA 2
g3t REule WFS A3, NAZNAN fAG TS AdSn 13
YATY 237} FFHAY. NAEslY 25E AFETE AT Yt
A FTEF A% AQFse] MGT A%, WG ATFLT AZEEL
W 23RS B3t dolgm, T o9 BAME UBUA st o
RAZZS WAl AFETFAN BFAALY e FEete A5 W
1 92 A54e AT ol 2e APATRE FHare Aol oA
B fARRE RAT F RATMAN 2 A4 A7TE AT

Mmoo e afo
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9] £35 HolA FU}ARL ol WMEH AAFAINE FHaAxe &3t
dolxtt.

WA E2 5 W&o A4 153 AXELE fxdte /8% F
B2 dfolAlE 2R} (fibroblast growth factor; FGF)7F XA EH Yt} g5
2 AT 35F AR E38HA gv RAEIAM R AFAHE
€ FGF protein# A w3 Ad, FEuME FA3e ZE AX7 44 3
At AR AT 324719 HAgEE FHajol9d A4t
92, 1FATTE 259 £9L WA AN Ak HYe| FOF signalel
st A 289 £o] 2] Aaw Proz WAY ol Ha}
7 2HE3 MAERIE 8= QAA7) FGE signal(s)ol2le A& FGF receptor
71%5 A3 A& (by a dominant-negative form of the FGF receptor, and by an
FGF receptor inhibitor SU5402) ¥ FGF signaling transduction pathwayol A 4]
2 o8-S 3l= Ras (by a dominant-negative form of Ras)®} MEK(MAP kinase
kinase)-MAP kinase (by an MEK inhibitor U0126)9] 843} JAE 35l &9
HAo & A3 f A 43 A, JAH 33T £33 dojuA &
S, A45 kA AFETe 44 G4 2sA2E S HAT

The posterior-vegetal cytoplasm causes the difference in the
responsiveness of notochord and mesenchyme precursors

27] Gl (gastrul)] ABRT BE AR AR ATHES} A
3, A% HgAel 2% AFAE} ANAh 42T ) AR e o
Mg ATAEE AR Afole] Ha ATAMEAY, WMAH 28 Alolo] %
3 ATAZ AD@h GolA AHE whs} o] AT 1FF AL
Fge e FARG. H4 A7TTE Pudel 9 F57} dolte A7
9 324 E7)e] AN £BE WA AHATh A FE7} QoA gow
A4 ATTE AR BasE, AN B HA (A7
) ATYTE FGFZ H2jslw Ryulg 7Ase RE MEs} Faoz
seth RAXYY 5E AFETAE BFA U WA =59 ¢
= X8t 034 457 dAEY 154 RF3-29) A7FLIE 2
o2 wAHET AT 1154 ATYETE FGFZ Aad 289 23
AAH 5, 25 Mo Bwe] B2A

HF ArE, A BFHe BN T ATHE} FEASO) wHg
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PVCE AAZ F 2ty 7453 £33l ojudt Wity dojueA] RAMHA
t}. PVCE AAZ A TFHAXEY #she dolvbA] FkAR, J2s
A Ax 9 HFF o] FAHAH Yo FAHALLE AYJFAHUG. )¢}
B 2 JdRpe] 2852 MM XA (anterior-vegetal cytoplasm; AVC)S A A3 =
Aoty D AAREe E3le FAolAn. HAG PVCE A dAY HESF
Arrod o] ol A, NFAAEI FHYYE EE IALGQAE o|xF
(ectopic) 2.2 FAAH RO (0|23 ZHHAY AA] dold), HAARXY e
AAHUTG. 28, AVCE A A AEF g G oAz Hara
FAe 4L TS HA Fyry Ed g AFFTE EYsto FHa}
I A AFEF A7 oA AAFT AT, FHAS HFHY 2IE
FE3te Welgde s o)zt flgol gt &, 324 X719 ZF uiul
FTEL Hig 71134 HAEXE EF =8 4 U oepA, PVCE 7}
A 77 Wulgde2HE 2438 vod 15T E 233ln, 22
FEAZE PVCE 7HAA X &7 2od HAo02 F3dve Ao B
g3iA =AU

Asymmetric cell division is directed by inductive signal

g 7153 MEESIY fFxv 324XE7]d dojdth. 1Y, 44 AH
A5l 32M2719 H2 AFEFE A S A A, FAL
59 &3E ¢ 712 gL t MAEEE, F 64MRE7] (BEsHAE
MAZN A7te] gHos U oW AAL WG Wehe Ao A
2 (Fuh3d 7HE3 (FHh)ol A HI, ¥ A7 (Ah3 25 (W)
o] TtEoXt} o]AL W/ AN EAHoE HFFEY ALAHE B AR
A EAGl FEHel stel wALEE vl A% FrEn.

RME Y DFA-ZK AFEFANE EHo] UHr] M 255014
A 2FQ1 actin mRNA (HrMA4)e] L& o] AlZHET} 644 Eujo] A actin mRNA
o HHEL ZF AT AT ASHAT, 5H AFT LA 2 ¥iE
A (down-regulation) gt} 324X ujol|lA 71FA-T& AFTILFE EE, =
NBE WA 3 4PIA 13 AZRAF, actin mRNAS] BEE A
2719 BAMXE (daughter cells)oll Al 25 HEAT. 324 ¥ 9 53-2& AT
EFE FGF7l EAlste A3dAM wigstd, 2719 ZAE ZF)A actin
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mRNAY BdLe HEHA et} ojEe] BF UFHAAEE &E3tg2 g
A AF3A. HFH-2F AT FA default o] ZKolaL, FEH &
o] 7+F Aotk g, AFAETFI FERlole SHAEE E3HE RelA
7+ A3 o) E macho-1 proteino] AT Aoz oAAANT. WM, macho-1
mMRNAZE PVCAAY 7H5 4ol AAELh S BFETFE ASONE
FUS APAAYL FFEY. o] B, default L AFA0|3, FEH &1
& Hapolt}.

ol AN ohg 7L Wil Fuld £3} modelo] AAHET. 324 %
719 Wuld AFEoA wE=ElE FGF (directed signal)e HARAZAA A7
g9 FA-2K ATFEFY v £E (asymmetric cell division)E o
21t} o] FGF signalell 93] wsgld (olv} &43d) dA7 AB47H 2
So] YHE AEXF IRt FHan 3FFY FAHFH A-AH BEEde
Ao g o7l FZHr}l. E modeld] E}FAS oz 843 MAP kinase
o AZU BEXE ARl WY T2 ¥R e A4t
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