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MR R OMEE (330) : The aim of this study is to understand the mechanism of
dynamics in somite formation in vertebrate development and uncover the principle of
pattern formation by using temporal periodicity. During somite formation, the
expression of several genes oscillate in the presomitic mesoderm, thereby controlling
the cyclic somite segmentation. Here, we demonstrate that the period of the oscillatory
gene expression and somite segmentation is fine-tuned by the strength of Notch
signaling. Moreover, we show a modulator molecule of Notch signaling is essential for
the robustness of the oscillatory gene expression.

BT IR TERA
(BHAHAL : )
[ERESES GIEETESE & @t

2010 42 5,900,000 1,770,000 7,670,000
2011 4R 4,900,000 1,470,000 6,370,000
2012 42 4,900,000 1,470,000 6,370,000

FEE

FEE
% &l 15,700,000 4,710,000 20,410,000

WFFE57 8« AT RE
BB DSF - fE © 7 DR - Y RAT LT AR
F—U— A REL RREER, KRB, =R ME] Notch 277 b, MR, ZrHilk

EENIEO RN W S EE S CH Y |
IR D f .50 D 3R 43 81 B BE 3E 0D A i 203 5 BT Y
WIZHEbEN D Z L TR ENS, T &I
EE (vURA:1204, B7 770y da:
30 7)) OSE LA ZFD . BN S D
R, W—LXESOREIEAETIS,

1. WEBMEE IO =

HEOWVEYONLTEIL, EEOWEREY
ORIBENCHR > T2 IR UG AL L
TWABMN, ZHUIRATHO B2 MEEY
THHEEF O K UG ITIKIFEL TWD,




RAOETPRIEDOMITIL, WL DDl

T OFELE R E R 2 BV IR L TERY
(B TRELORE) . 2y “EWREE”
ELTHEILDZ A 2 T HFHIEL TV 5D,
F 7. MOKEEEICHWKER T TH D FGFS 3
KB LTEBY., JiFICH- CTEEAR A >
<oTWn5b, ZOREAREZFHL T,
WS OEREEAZRI Y . TESE LR IRE
ENb, TNHDOZ EnD, BIEFREDIR
g (BFREE$R) & FGF OEEQR (Z/RE
®) MRIAWCHAEHETB LN, AN
B RE SOBRENIBREND AT =X
LAThDHEZEZDLND, DF V., KEIEMKD
A B = AN

(D) BEFREMED L. SEHEDEZII2
TERETEAN=AL

(2) FGF I F L OiRERBRN Y HL a4
MEAERETEIAHD=XL

B VEQOE®IAMESN, DL BN
BrAHh=XL

T B 5, bhubiuiiconc, OFR
5y i R ZE Ry B0 L R B9 D P A s ]
¥ Hes7 @#{n %37 L. @Hes7T DIEH IR
L TWn5HZ L, @Hes? MEHIA N HEIL
BLOBEFRIEDREICKLHATH DL Z &
@Hes7 KT DT T 477 4— Ky
I — T NBAR T RBURE O LAY A T
ZALTHDHZ L, ®Hes7 oL HIREN
JEMR ey Eifb 2 ®l4E LT\ b 2 EBEICH
HIMZ L TU T,

2. WHEDOBEH

PN 5 Gl s N N (T AR, - g 1
AR TR BUREN O BHRE & . (KEiEROD
NX MEEBLZHO NI THZEICESS
Ko, BRI 2R E L7 < 0 oL A
BASNCTAZLEZHBE LT,

(1) BARFFEBURE) O JE IR E

BRHEI RN, ~ 7 A TIL 2K/, =V
R TIE90 %5, 777 42T 3050
Y. ML ICEADEBEES>TWD, F
72X DI, BRSNS IRE OREITRE D
CICEATH D, LI TIREIERE S
BEICHIE S CnD EE B, AR
HAD=ZALEZHALNIT DI EIIERE
VW, BAITEBTRBIRESOT 7 FX—F —
To % Notech > 7 F/LOMEEIZHER LT, JE
WREA =X L EHLNZTHZ L% HE
& L7,

(2) KB D 1 /N2 NEHER A 1 = X A

ROFHPREDO DL SO ESOMIIAN T
BARFRENIRSE L, TR MIE CALFE2—
HLTWDOT, Mk TR L 7-REIN
BEIND, BlAIXEEREROMIZE 3
v 7 EMZ AL, —BACIRBI O RFHH
T, FOREFIEENE LB SR8,
ZOHBBFO, EFICKREEESAHERT L Z L
WHIHINTWD, Fiz, ROEPINEECIIM
NS NTEIRITE Z > TB Y . HilassZdix
B FRENTWET 0T, FOMMONFE
BRI EE O ST D A, FE
OMICHOTEEOMAL & AR — T 5 &
INZRDIENMBENTWS, ThbDI L
N5, MM CIREI ZRFHAIE D A =X 4
DHEETHEEZLNTEBY, TNk - T
IR D EALRAENERN D /) A XiZHi- T
ERREEH ORI L NF = BB S
HEEZOND, Fox TR CEic R
IREN R DA 2R H U<, (REiAk
MENA MBI RbILD AT =X LDfE
HAEARFEOEE LT,

3. WHED Sk
(D3R FEBURB) O J5 IR E

INFE TICHEERF Hes7 DR TT 4 77
4= RN I NV—TNAB=ALDaTIT
HDHZEER LT, Hes7 B+ D5 X
Notch > 7 X » CTEMIEEN D 0,
Notch 7 F VD7 4 — Ry 74 e X
— DO & DI Nrarp 3% 5(X 1), Nrarp ®
)TN U REERFT L LICk o
T, WIEMED Notch ¥ 7 a5 2 L %
IrTze Nrarp / v 7T 07 b~ ZADKE I
RHEOWVER R EORBMEBILET D
L2 X » T, Notch ¥ 7LV DBEE &L
HERBOFEEIREIZED L HIZBEG LT
WD ERRET LT,

Delta 1

«+» Degradation J }
—= Activation i Notch  plasma
—{ Suppression | | Irc- membrane
l NICD
//H;:.T'I —— Nrarp

P |
| Hes?

| FLvAYLY
1 : Nrarp
,\,Hff ! \ l b
— o A
v

Nucleus

(2) IREITERL D B8 2 MG A 7 = K L

Nrarp / v 77 7 b~UAORGEM %
B LTRER, B EOWEIE B M R



WRHY, TOMBIIRETHSTZ, 2D
S Nrarp /v 770 <0 ARITAR
B2 BRI D ) A AT 72 SN ER BE D
BACIZHKT T 5 a8 A MMERJETS L T\ 2 A]
MEMEE PR L=, T2 CNrarp / v 77U b
~ U ARE | MEFER S D Z ER LT
WHHEKITH LAV T ORICEBET DL
W& >T, Nrarp / 77U~ AMITE
T BRI R D 1 N R R A T B
Z Lz L7z, #L T, Nrarp AHifaf ci#Eils
FIEBREN 23 [FIFH 3 DA AT B8 1T D 4% E
Z LML, REITEERO SR MEX T =
ALEMALL D & LT,

4. WFFERR
Nrarp / v 77U h~0UAZERL, £IL
RIDfFNT 2 ¥ Z 72> 72y Nrarp / > 27 7 U b

Nrarp -/-

TR

7%
»
Bic ®
el
L]

)

ey L

< U ANT OEAIR T, R RSO AR
BRORFEIEBEIN R oT, REES
IZBWT, HEFE OB L B d & DVE
SCEOBEA I EORERENBEI N
(1= 2),

< 7 ARIZEBNT, K 2 FEERIT 1 %o
REIDTERL S D, Bz I3RERFIYIZ Nrarp /
v 77U vy AROEREIE A2 T, IR
TERE A KD I- L 2 A, BRI R TH
5 DEEAIEE L TWAZ EERRLL, 5
D RBEHIIER O - IR K L Ex OWE

124 e n
122 e T
=120 e L7z
| = e %
= / &
Emw / H
e,
E 116 ¥ -
& 114 -
E
112 <O
”n".'l 20 30 gz

ARNSY

10
Notch level 3

HR SN2 B FREARBOREA N =X
AKX DEL EICHEHET VEMBEL, av
BEa—HyIal—yvalaRBIlRol, #
DOFER., B TRBUE#OY 7 FX—4% —T
» 5 Notch > 7 FI/LOIRE L HRHE)E A 1E
B2 2 ENBE LMo T2, TRHDZ
B, Nrarp / v 77U <~ 7T AT,
Notch v 7 FINDT 4 — KRR 7 A4/ EH
— T 5D Nrarp kb2 &itL»-T
Notch ¥ 7 FVBBENEE Y | ZORERER
FRBURE O JE ] & AR AR B2 5 43 R
RS, RESE X OWERRENER
W LiztBExbN5,

Nrarp / v 7 7 U b~ 7 2|28V TEM
REESOWECE ORE R EDRER
DB SN2 026 Nrarp 3 kbiz 2
LIZEoT, KEIERR L Eh BT 5
TOVWEIR O v N A NERET L7z & Al
REME 2B 2 CREIZ A O Nrarp / v 7 7
U RNV URARE, BEEERS D Z S
NTWDE LT eIl RETDHZEICES
T, SNBBREA b E NS Z TERE B
TRRole, AT aBIZK > TEHARTIT
2-3 O EOUVVEIMEA L7=A, Nrarp /
wIT TR UATIEZENLY %<, 4 &
LEDOREEZOWEOBENBE SN, 20D
FER D Nrarp [XEEITERKDO 232 K P
FFA D= XL DOEE 2 Rl 2 & n
R T,

EN D)
FERMND
IREITE pk %
il 459~ % 4y
HiRg 3t o J&
#1723 Notch
7 IV :

Bk oT l;&
S S T type Nrarp KO
W5 Z & & Notch v 7 LV OELK 7 CTh
% Nrarp 23Rt & REiIE KO 2 /32 K
PHEFFA D =X LCHMATH D Z EBHL
Tl o7z,

CdERSRm 30 Gt 7 1F)

1. Nakashima N, Ishii TM, Bessho Y,
Kageyama R, and Ohmori H,
Hyperpolarisation-activated cyclic
nucleotide-gated channels regulate the
spontaneous firing rate of olfactory
receptor neurons and affect glomerular
formation in mice, J Physiol, 591:
1749-1769, 2013. & & A doi:
10.1113/jphysiol.2012.247361



2. Bellet MM, Nakahata Y, Boudjelal M,
Watts E, Mossakowska DE, Edwards KA,
Cervantes M, Astarita G, Loh C, Ellis JL,
Vlasuk GP, Sassone-Corsi P
Pharmacological modulation of circadian
rhythms by synthetic activators of the
deacetylase SIRT1, Proc. Natl Acad. Sci.
USA, 110: 3333-3338, 2013. & #t A doi:
10.1073/pnas.1214266110.

3. Matsui T, Sasaki A, Akazawa N, Otani H,
and U, Celfl regulation of dmrt2a is
required for somite symmetry and
left-right patterning during zebrafish
development, Development 139: 3553-3560,
2012. & A doit 10.1242/dev.077263.

4. Kim W, Matsui T, Yamao M, Ishibashi M,
Tamada K, Takumi T, Kohno K, Oba S,
Ishii S, Sakumura Y, and Bessho Y, The
period of the somite segmentation clock is
sensitive to Notch activity, Mol. Biol. Cell,
22: 3541-3549, 2012. & &t doi:
10.1091/mbc.E11-02-0139

5. Matsui T, and Bessho Y, Left-right
asymmetry in zebrafish, Cellular and
Molecular Life Sciences 69: 3069-3077,
2012. g3 i l doi:
10.1007/s00018-012-0985-6.

6. ISt ERE, A {=, BIFTHE4  Canopyl
A U7~ FGF 3+ 7TV OEMHEIESER . A
T 531 : 416-420, 2012. HFTE

7. Matsui T, Thitamadee S, Murata T,
Kakinuma H, Nabetani T, Hirabayashi Y,
Hirate Y, Okamoto H, and Bessho Y,

3. AR, PUFTEES, &, v v R
AR 1281 5. vivo-Morpholino % Fu»
TRBIB T v 7 XU AAEDOMNL, 8 36 FIA
AHFEYFRFS 2012012 110, &
fif] 7.

4. Retnoaji B, Akiyama R, Matta T, Bessho
Y, and Matsui T, A possible mechanism
which  adjusts  differences  between
anterior- and posterior-somitogenesis in
zebrafish, #& 18 AN AL, 2012 F
9H 22 H, nUERH.

5. Matta T, TaharaN, Kakinuma H, Hirate

Y, Okamoto H, Bessho Y, Sakumura Y, and

Matsui T, Cell clustering required for

proper organogenesis, 58 18 [El/ & IEHF
2, 201249 H 22 B, HUERTH.

6. MJhEmE, MA T, AL, 797«
v a DEREMNIMEERET D7 v UL
JADFERL A J1 =X 1\, 2B 168 [6] H KB EFES
PHEL 201243 H 27T H, BER

7. R B, 7 v LD REEZET L E
L 7= AR I AR A = X L Dfiptr, &1 1
[EIE /RIS, 201149 A 30 H,
HRIR.

8. Matsui T, Sasaki A, Akazawa N, Otani H,
and Bessho Y, Cugbpl regulation of
dmrt2a is required to generate proper
somite symmetry and left-right patterning
during zebrafish development, #&1 7 /&
ZRFHIAS, 201149 H 8 A, =&,

9. Akiyama R, Matsui T, Masuda M, and
Bessho Y, Integration of segmentation

Canopyl, a positive feedback regulator of
FGF signaling, controls progenitor cell
clustering  during Kupffer’s vesicle
organogenesis, Proc. Natl. Acad. Sci. USA,
108: 9881-9886, 2011. # #t A  doi:
10.1073/pnas.1017248108.

CRexE) Grio4h)

1. BUFTEEA. 20125 < W 2 #liH3 5 2 K
MEH O LM, £Y I LEFHEE
DELV 2012, 201248 H 4 A, > IE.

2. Matsui T, Sasaki A, Akazawa N, Otani H,
and Bessho Y, Celf1 regulation of dmrt2a is
required for somite symmetry and
left-right patterning during zebrafish
development, # 35 [B] H X FLEYFESR
£ 2012412 A 11 A, @

clock and FGF signaling generates
segmental pattern of somite, #1 7/
RIS, 2011429 4 8 H, =&

10. Matsuta T, Tahara M, Sumino E,
Kakinuma H, Hirate Y, Okamoto H,
Bessho Y, Sakumura Y, Matsui T, Cell
clustering mechanism for organogenesis in
zebrafish, 1 7 m/NERIEHFZESR, 2011
9 H8H. =i

(XEF) GFo )

(PEZETY PEHE)
OimRdL (F o )

OBAIRIL (F 0 )



(£ Dfth)
L

6. HFIEHRK

(OIFFER RS

WIFT  BE4 (Bessho Yasumasa)

75 BB AN KRB K« XA A A =
> ARFGERL « Hi%

M5B : 70261253

QM FE s E

i & (Matsui Takaaki)

73 RIS AR R AEBE RS « A A A =
v AMGER - B

W95 %5 - 60403333

4l Z8Fn (Nakahata Yasukazu)

23 B B RN KBRS « NA AP A =
VO AWFGERL - BhEL

W47 5 : 50390810

(I)EHEEHFTEE

YEAT  #— (Sakumura Yuichi)
ZHNRNL K - THEWMAB S - e
Wt &7« 50324968




