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Most insects develop as short or intermediate germ embryos, through an ancestral mode of segmentation
wherein the anterior segments are specified at the blastoderm stage and the posterior segments form in
an anterior to posterior succession from a posterior growth zone. By contrast, in derived long germ
insects such as Drosophila melanogaster, all segments are specified during the syncytial blastoderm
stage, and maternal and gap gene products can diffuse as morphogens. To clarify how maternal and gap
gene products control positional specification in phylogenetically basal insects, we analyzed the
dynamic segmentation process in transgenic embryos of a hemimetabolous, intermediate-germ insect
species, the cricket Gryllus bimaculatus. Here we show, using live imaging of fluorescently labelled
embryonic cells and nuclei, that the positional specification of the cellular blastoderm is established
during syncytium, as it is in long germ insects, though cricket blastodermal cells move dynamically to
form the germband in a small posterior region of the egg. We also find that the G. bimaculatus
orthodenticle gene may provide positional information for aggregating germ-anlage cells through
syncytial blastoderm stages. Our findings imply a heterochronic shift in the timing of the anterior
(cephalic, gnathal and thoracic) gap gene actions during evolution of a derived mode of insect
embryogenesis. Our work provides new insights into an evolutionary process of early developmental

mode from intermediate- to long-germ insects.



[ERE3 S et 2 5 F
SRk 19 R 6, 000, 000 1, 800, 000 7,800, 000
SRk 20 AR 4,000, 000 1, 200, 000 5, 200, 000
SRk 21 AR 4,000, 000 1, 200, 000 5, 200, 000
R
A
O 14, 000, 000 4,200, 000 18, 200, 000
ey 8y - BT
BHFEDLSE - fH - AR - BAEADS:
F—U— K BAEL
1. RSSO R
BHRoOWMMFAREIL, YavYa iz 2. WO HM

WCBWTEEICAFZE SN TR Y | BIIZRTE
THEaA KL ORABBIZIEFIZEL
MHENTWD, bivbilid, vauvya un
T LIRS REREE LD, RESEIERE
DREBTHLaARFIZEHL, ZOFREY
AT BZOWT, PRk 18317 4 O Ff E fE
WHFTE T3AES AT ADFEALFI T R ITB
WTHIEE T TE e, ZORR, Bl F
EHWERAES AT AFZa vy g 7oA
RO THY IRLCTRARICHTUTESD
LD TEHBRNWZ EEZRLTER (Miyawaki
et al., 2004; Shinmyo et al., 2005; Mito et
al., 2005),

HikdHsZ Lz, atuFiziEdeas R
FEES, L LAYVA 7L A(Wg),/ a—4
N(Cad) & Hls & L7240 6 OF A BN
BERZLERLE,

EHic, BEH D Z Lo, atuxXog
AWML, v a Y a URZOFERET
A TERWABERB GRS D Z &N
oty avla UNRTOEEDOIINT
X, X% v TEE T2 E OGN EE L
TREARLATER L, FERBE T O 5 i
BT, EIAD, atuXoIixsgimit
LTEY ., BERFIIIEHTE 20z n
bhT, BAELIIVa v Y a yNZOEEF
EHRZZEBBTIRX Y v THE T E L THE
BBLTWLDOTHD, DF0, ILETE 2w
RG]0 & > X7 s flla i & L # LT
WBEIYRBENRETLTHDEDTHD,

T, AR “REFERBG” AT 5
TN, RFED BRI TH o 7=, RHFIETIL,
S XOPPHBAECBITEX v v I EIE
FIZEHL, ZTOX U RIEHHBLOZD
FHLAZFE T2 miRNAICHEH L, 28
MTERWIRER RN at e X0LiR
THREL CW D ONEMIT2HF2HME
L7,

3. WO ik

AW TIL, a2 A nXFoMHmsAEIZEE
THXY v T BT OMIEY . B TFREY
fi& miRNAIZEH L TR Z{T- 7,

(1) miRNA DREE & Z OREREDEH 21T -
7o HrRICIRE 72 SR DN E — L DIRRRIZE S
9% miRNA (25 B L Cilfe 27, &6
2, F 5O miRNA 12 X » TIHLHIH 25
JOEETORIEEIT> T,

Q) FIvARVz=my 7 atruXE/ERL,
EnEHNT, BEGHOX v v T B+ D
FERE &~ 72,

4. MR

(D) FEAEINZHEE T D niRNA OREIX T
IR Tz
WIIFEAELZ miRNA 235 LT B Al REME A
BHHZEMND, A S miRNA (2R
THDNAE I a—= T3 L kBT,
oy ha—VERE LT, MOBRICRATS
miRNA {[ZOoW Wb u—=2 7 %f7-7=,



ZORER, W72 ENBIEmiRNA D7 1 —=
TINTELEN, BorbiEoninrotz, v
auYa UNTORTHEIEL TS niRNA (2
EH L, HEEART-DE LR Do T,

Q) FFo AV 2=y atuXofEfez
DFEAT

> g Y g NI (Drosophila) & 24 1
¥ (Gryllus) DX ¥ v 7 1&1{x ¥ hunchback
(hb) & kruppel (kr) DFHANRTORKEZRL
AR ZK 1 () 2Rd, K1 ()2, =
Za FHWIRIZI T 5 hb & kr DEREDO TR
ZRLTWB, JINTORBN EITIER 2R
o TW5b, atuaXRTIIMMAEK ST
BIZHEBLL T D, IROTERGEFE & FE A iR
WTHEDIC, hFrvAY =y ateXx
ZUERLL . RPN Lz, X1 (¢, ¢ )
2 EnfERESE CTo D piggyBac % H\ - GFP %
KT AT LAY 2=y 7 atuaXsER
L7z, *IIIFREEBRIETH D, GFP fE ¥
VRTEDRENRT =K1 (e-g) ITRL
7o ot uXipEr s F e —4—7T
FEHL L 72 GFP 13E%, MIAE 2% O RITENFR
>z (1 (e)), GFP @& 7T 7 F o 8int
WZB W T GFP IR EIC O AR /IE LT (X1
(f)), GFP fil& b 2 kv 2B &fn¥ Tl GFP @
BHIIICoARBERSNTE (K1 (),

b

b s
L

Drosophila @

kr

-' ';.“. r.
& &<
N
i)
\ .

X1 Fyvv 7/ @BEBEFORELENT

2V =y aFuaX Bt b GFP O

L,
TOEIBRCFPRRHTH T AV 2=y
JataXizBNT, Zhb GFP &F25.

piggyBac DEHIECH|TH 5 TTAA BEHIZHEA

INTWNWDZ L EBEBIZIH AT, real-time
PCR W TCabt—HoEELITV, 24 =
X7 7 L2F 13 ar—HAIRLTWNAZ L
Nbhnolz, £7-. It Xz Hn
T, WIZZRVF ROMROEEN E X A LT
7 A BEIEE & O TTEAT L 7=,

B o 4 v X %2 AV 7= W IR kR
O faEIRE DBIERE R A2 X 2 12RT, PEIRTL
100 FFREIFRE T, L= LX RRIIO
FHEICBE L, o L8N 5, L 7-x
FX RidMiEib L., MERBKRT D,
cortical cytoplasm OZALZX 2 (i-m) IZ7R
LTW5, =F Y RRIIRmICBEE L 7-E%
TlX. cortical cytoplasm &L BEREN 5
D, WEIZHEAD L, Mgk e & biciliind
LI ThHDH, TO%MBERIZIL filopodia
NI TWBE I ERnbholz, EHIT,
MimoOBE 2T L, K2 (- limd &
T, FUXABIBHTHOTIERLS, T
WD OENTZHEETORBH L TWND Z &
Dond, TOHKT %2 (r,s) IZBWT,
ALTWD, 26T, BEIOWRB 25k 5
EX2 (t, DX DT D, MXHIIRNLEE
MERFLZ23 G, Mila2sBE Ll v, M
T CIT B O RGEER 72 SRS A A E
WMEFSTWVWDZ EWNREBINT=,

WIZ, ¥ v 7B T otd-1 DIKEE % V]
T 5712, RNAL HEIC X Y otd-1 Ein T3,
)T HET LT, EORSOEBEZGRHAN
oo MEREM SITRT, BHENXKETHZ L
NG, BEEERICEE G L T\ D 2 L AVRIE S
Ni=, a4 PRI IT D otd DIFEHS
H—r w4 ()R LT, otdmRNA I3
ELLRT D 2 4 1 FHIRIRTHIL TN D.
ZDINERTORINIMILE LR S
TW5. L LK (germband) FERCHRIZ BB
T, otd OFBUL T ETHH I /HTE L TV
77, aFa XPHIRICEIT S hb OB K
— 3 HIMAEAZIT hb X B LIA S, IRE L
FRFIZ 3 T & O R BLIZIPET T > & IR R
FEIK ORI £ TO T EMIKSEIR I B ZE S
A7z (B4 (b)), WIIIRIZRRIREIZ 33U NC hb D
HHILIZ DM TE v v TEHRORH AN Z —
EIND T EM BN EIRICBIE S, a4 =
UM RLREIZ I8 D otd RNAL ROZFRBL
A& FI_T= & 25, otdRNAL IR TIZAIHARD
FEIBEI S KR L T2 (4 (¢)), otdRNAT
WIZE 1T B wingless IBinF DI NNZ —
e~ —h—8sF Th D wingless (wg)
DB FEEFEIIC BT otd RNAL IR TK
SO LTWBZ NS0 72(K4 ),



T1T2T3 A1
i

T1T2T3 A1 A10

o
Rt

otd-17nai

T1T2 T3

[

3 aa )ayvhio—gLt L THRMEE
a1 ® DsRed2 #H\\7=. b-c’ )4 X
orthodenticle (otd) RNAi D EBIM %R,
SHI AR OO KABSOW . ISR ET D K48 & £
DRV B EPBE I N,

—J5 . tREHEAEIR (B ORI A AN
ERd DHER) TO we OFRIBUIMEF I T
W7 (X4 (D),

X4 )iz, agn¥trayyaunx
DOFABEEABANITR L, Yavday

NI CILEEER & MR fE A T E T D otd,
hb, kr WEIEMENRIAIZ X v » THEICI B L
T B EsF O &1 X0 BRE Rk
DIRNZRET HDIZxt L, a4 v T3l
{bt% \ZBEEREII BB/ An - CTh D otd ¥ v
v TRRICHBL L, £ O%5] ZfV T, B8
Mo S fn+CTdh D hb, kr NF v v Tk
B USRI 2 I ET D, otd, hb, kr lZ
X0 ROFEER, FAE. B RE Lictk, &
S B ARk LT L 0 R AR IR 23 E YR A I L
R END., ZoZ Lid, BROFAKELXD

LW T, AiiA (BEE. A, W) %
RETHX Y v TEBLETOEEOX A I
TM~Tur/a=y 7y 7 hLTWAHZ
LERLTWDLEEZLNT,

mnAEL_
. [ zanAEL-\—‘

— [

3ahagL

C Lateral Ventral
& »
. (CREE )
- . wg
o
- L )
e . L
0“7@
e Drosophila g Gryllus .
4
“ 4 CD Trunk Gap
2
8
? cellular
s
g % S
g * | Head/Trunk Gapc.:D
§ 6. |syncytial
2 rd
© Q‘G
2]
T T r— T T
(1] 1 2 4
(10,000 min)
log time (min)

M4 0td-1 O I E N T LataFoR
AR O L,

5. TR ILE
(WFFERERE . DFFE A M ONEHERT FE# (2
ES )

(MRS SC) (5 1)
Mito T, Ronco M, Uda T, Nakamura T, Ohuchi
H, Noji S.
Divergent and conserved roles of extradenticle in
body segmentation and appendage formation,
respectively, in the cricket Gryllus bimaculatus.
Dev Biol. 2008; 313(1):67-79.

Wt A

Ronco M, Uda T, Mito T, Minelli A, Noji S,
Klingler M.
Antenna and all gnathal appendages are similarly



transformed by homothorax knock-down in the
cricket Gryllus bimaculatus.

Dev Biol. 2008; 313(1):80-92.

B A

Mito T, Nakamura T, Sarashina I, Chang CC,
Ogawa S, Ohuchi H, Noji S.

Dynamic expression patterns of vasa during
embryogenesis in  the cricket Gryllus
bimaculatus.

Dev Genes Evol. 2008; 218(7):381-387.
e A

Urasaki A, Mito T, Noji S, Ueda R, Kawakami
K.

Transposition of the vertebrate Tol2 transposable
element in Drosophila melanogaster.

Gene. 2008; 425(1-2):64-68.

B A

Hamada A, Miyawaki K, Honda-sumi E,
Tomioka K, Mito T, Ohuchi H, Noji S.
Loss-of-function analyses of the fragile X-related
and dopamine receptor genes by RNA
interference in the cricket Gryllus bimaculatus.
Dev Dyn. 2009 Aug;238(8):2025-33.

B A

(RFE] Gt4a)
— T KBR, RNIRR, Bf g
Gene regulatory networks for anterior-posterior
patterning in a phylogenetically basal insect
Gryllus bimaculatus, as revealed by RNAi

%5 40 8] H A E YT
2007 4£5 H 28 H
fE i T

VD NE NN TN 5 0 ki

Molecular basis for proximodistal respecification
in insect leg regeneration

5 A1 [l B ARSEAE ALY

2008 £ 5 H 28 H

R

RSRER, Z 2 KRB, RPNIRAR, BFHh i
Cellular dynamics during blastoderm stages a
nd early embryogenesis, as revealed by transg
enic cricket, Gryllus bimaculatus

%4 2B ALY TFRRE
2009 /£ 5 H 28 H~31 H

g

—FRBR, HPATRER, RN, BRI AT
Emergin model organism for development and
regeneration biology:Cricket (Gryllus
bimaculatus)

%3 2 BAD TAEMFRER

2009412 H 9 A (K)
R

(XEF) Gt 1)
Mito. T and Noji, S.
The Two-Spotted Cricket Gryllus bimaculatus:
An Emerging Model for Developmental and
Regeneration Studies
Cold Spring Harbor Laboratory
331-346 (2008)

(EE £ PEME)

OHERS GF1#R)

R NI AV 2=y I REREREE RO
(RIS

B BB, =5 KER. TPATARER
MERE - R R, 7Tal ()
FEAA : B

HE  KRE2009—238841
HEEEAH : 200941 0H16H
ENAOR] : [EN

6. WFITRARE

() WrgeE
TpHh  PEME (NOJT SUMIHARE)
RSP s REBR Y v AT 7 ) A=
AFGEER - Hf#
WFgeE &5 40156211

(2) WFgEsr 3
KM 4% (OHUCHI HIDEYO)
RSP - REB Y v AT 7 ) A
ARFGEER - IR
WFgeE &5 - 00253229

=7 KHAS (MITO TARO)

KT - RFRY AT 7 ) A
ATFIEES - BhE

WroeE &5 - 80322254



