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1. Him & 71*t S s 2aend B35 (Fig, 5)

Him gene ¥ 454 IR>% stage 9 ~10 % IR & trunk mesoderm
primordium ~ dorsal ectoderm primordium » head mesoderm P2
primordium(Fig.5A) - Stage 11~12 dorsal vessel anlage(Fig.5B ~ Fig5C) -
Stage 13~16 adult muscle precursor ~ embryonic/larva muscle system ~
embryo/larva dorsal vessel ~ ventral imaginal precusor ~ gonad (Fig.5D
~H 'F 3 Echhivc Bl HZ Gkt §) ’%“EZ&/T&&“
wh K5 o Him AT S 0B 2k > EFF T Y nii i > Him
25 Fibribr /5 'L e dorsal mesoderm » 2. {6 Him A Flehd R a % o o
#3358 dorsal mesoderm e {8 Fdp i E k- R Bfs BT AF M
# & ¥ Fig.5F ¥ Fig.5H = & 2745 % % (cardial cells and pericardial
cells) » #* *F Him fA Fl» F R AT 75awop b 8L Rl h® g ¢ -
3R> T cardial cell 3 %4 evvpg & dile = H ,T,}‘uﬁ‘ 2 K Him 75 FlehZ
WA A F BT F Him A FPEvep ko diens i & 8 S d g § i
LRS- U IR R

FTIEF RS BRE T R 42 F) tinman e L) > stage
4~6 cellular blastoderm ~ foregut anlage in statu nascendi subset ~ trunk
mesoderm anlage in statu nascendi ° Stage 7~8 trunk mesoderm anlage -

foregut(Fig.6A) - Stage 9~10 trunk mesoderm primordium ~ external



foregut primordium ( Fig.6B ) Stage 11~12 visceral muscle primordium -
cardiac mesoderm primordium (Fig.6C) <Stage 13~16 dorsal vessel
(Fig.7C) -

F 8 vt # Him & tinman ¥ "2 R chd L350 B stage 7~8 B
tinman © 1337 trunk mesoderm anlage -~ foregut(Fig.6A) > @ Him
% T at — 2Lt stage 9 ~10 & trunk mesoderm primordium I} 3R

(Fig.6E) =stage 11~12 F¥ » tinman ~ Him 5% 3. = cardiac mesoderm
primordium( Fig.6C~F ) Stage 13 {3 ¢t & B & rﬂfi*uv'%: *T & 3T dorsal
vessel » @ tinman 3 & % A F — § & v yvwre (cardial cells) &<
‘m*z (pericardial cells) & = %f > @ Him 5 mRNA % ¢ » &5 5 )
Him tsvvin¥e (cardial cells) ] ' ?# (pericardial cells)¥23 # IR >
3hin & AP & s )N g F R QK Him s il s o g
B o R B Hm e A 3R T 4 LAY VUin ¥ 0 Dimef2 ~ o Veim

2 3 gl dm % tinman~ < % 0 even skip % Fg T_Him ch& Lim % o

2.Tinman %2 pannier F# & & ## # Him & 7]

Tinman domain negative expression in mesoderm

d ** 7 repressor domain 7 Tinman 3= § w? 2k <~ £ LR F
Feig 2 P tinman ¥ P2 R cnFt i o Hgt S2 P 0E Him 3K Fen R i de
4v (in situ hybridization ) 2 P e $ >t B¢ {2 tinman f- Him 2 F e0ff % >

K% g koo § tinman @ AR chat a0 X DIPe] 0 AP S end i o R



e € 3 0 24k & PIL % (Bodmer, 1993) 0 Bl & Him A Flip =52
Eenid % > Fig8A~C AW 4 A %isinr?: (CBF ARk
Bl ) ) Fig.8B~D 3 tinman domain negative expression 7% #5275 (D
Bl 5 B Blcnk 253 < Bl) A7 o F5cn Him 4 5150 ¢ 9 cnd TLP AR
Fl & tinman ¥t ¢ Sp R et g X D) Feq A g0 o Bl B 0 R I
4 A S W e YR e ¥ O IR Him end 3R 0 2 BF A Tinman domain
negative form protein e LT > S e chlic P %0 > @ Him chd IR
LA R kg TP RR (2 &5 T4 ) ] 5 #¥-tinman domain
form # % ® R (tinman 7 % A3tk ) @ B & Him 35 ) & ¢
R P R A P (HEATdp ) e BT tinman P R R R

B AT E A I Him 28 FI9 8P & % i o0 BRen 2 IR o
Pannier domain negative expression in mesoderm

d %t Z repressor domain €7 Pannier 3¢ F ¢ "2k < £ L R B
= 34| Pannier ¥ %K 0¥ i > Bl 5 Him A FlihR 252 & ahg %
Fig OA~C Bl % % 4 4 % i 5225 (C Bl % A Bl 5 282~ B]) fig.9B -
D % Pannier domain negative form % 3>t ¢ %k > D Bl 5 C Bk

LA @) PP oE fpannier AFIORFREEF F T F B
fwre @ ghs yeim®z (myocardial ) % [l fn®2 (pericardial ) eficp §

% FlFrdl(Alvarez et al., 2003) » At B @ F KT > Him £ F] w58



fnte e AT A A R dot o B R FlEeden( 2 4 B EE ) o
¥] % #- pannier domain form % . % ¥ 2. & (pannier 7% % B3t H ip
K ) @ Bk Him A F)fsbiak chd MpI 2 2§89 (Fegardy) o

T8 T F Pannier ¥ "r R B4R E BAILF Hm A TP F 5T %

!f

WS R e IR o
3HA CEHRBFBNLAERGI
7€ _Alberto B~ ¥ — $& deficiency Df(1)22622DL % & > d %}t
deficiency % — e R B4R > 5 @B TR F M 35 0 T
deficiency % #%& % & 12 — duplication DP(1;3)JC153 &a4F i » F] 5 ot f
deficiency Df(1)22622DL 4 ** T(1;Y)W32 2 T(1;Y)V7 & i %74 2=
(breakpoint ) 2_ & %) 170kb > @ duplication DP(1;3)JC153 % 550kb >
#t deficiency Df(1)22622DL 4 % % B4 duplication DP(1;3)JC153
A E 0 R R R T R 2 A fy et £ AL
Df(1)22622DL/ Df(1)22622DL ~ Df(1)22622DL/ DP(1:3)JC153 -
DP(1;3)JC153/ DP(1;3)JC153 » < § % w& %2 "% satage 7 ~ stage 16 °
B T anti-Dmef2 F# 88 4 ¢ > Dmef2 127 Vo fmPe 2 o ¥imbE o
BIL S ks ra A S = B (Fig10) w10 i F7) chfesh &
S A - B R e 2 ohvimieiamii 4 3 A &

I ¥ S Dmef2 # BT chi= B 2 P - Ko § 2 A L e



*t germ band extension PF4x % > FUp fmrr ficE 0 2 B 4 2 H o G
R PRI T | R fme B ¥ e s vvim e frE R D o
% = #g 7] : germ band extension 5 Hf ¥p fmfE cvF T A ¥ g0 |0

Py mAAA P AT PRI e atimie B 5 0 T s atR

Humgmwepg 5o Mo EET FAR  BATILEL S s
LoHERZAMEE BN EEF o

4.Him #HFlévig £ RZ2 RNA F A F)# i # 4 chfaig 4 ¢

i * % ik twi-24B-Gald ¥2 UAS-Him % sk % fie 5% 8 Him 75
Fle? 2 hEREZ R AR A ITRBRILTRELI 0 2 %
15 R twi-24B-Gal4 ~ tubulin-Gal4 22 Him pWIZ % ik % fie ¢ 2 3t ¢
2R 2 > LB R 4 T Him 7 %) exon-1 % RNA > @ 2k & 4
RNA + R % > & Him A FIA 5 4~ 3> B dxd = Him &? 2R 5
7 q¢ # % (Kim et al., 2004; Lee and Carthew, 2003; Yuan et al., 2002) >
r2 & M R e A 1558 Dmef2 ~ Tinman €% ¢ > #Z_Him 8 7]
WA R G

Dmef2 88 % ¢

i@ * DMef2 ivF k84 ¢ > f Him # Flendd % S us i "h9 7 8 1
R e L L R R R Rt 1

(Fig.11 B % £ #7dq ) @ Ap & i Him 35 5138 & 4 Ranfn ™ > o



LR VLR R SR A D P @ B g B R DL hin i (Fig.11C
WERTIR) ARSI A AL ¥ iR DMef2 %4 o g fER I AT
Feng % o W37 2 _Alberto #7HF ek MR IT W 50 LRSS L
dhe b ik T M EF AR B ok e R kR
i+ Deficiency mutant and Duplicated mutant 7% &% ”Lr'g Tl eiep 4
% en?h £ A > Duplicated mutant » @« VU 5 ek £ 4] 0
Deficiency mutant °
Tinman %8 % ¢
i * Tinman T3R8 4 ¢ > A& Him £ Fl3x 42 0% WK 8 3| Tinman
#-myocardial cells % pericardial cells # % (Fig .12B)> @ 4p ¥ et Him
A F)iE B & BR T > Tinman 0 myocardial cells 3 pericardial cells
frg A8 i S 4 (Fig 12C) g+ 354 75 82 1 3 67 Dimef2 5 % 4p
07 e
5.Him # F)éhheart enhancer # 35
#£_Genomics Division of Lawrence Berkeley National Laboratory =
VISTA tools » '* ¥+ 2 %_B %= = & Drosophila melanogaster %
Drosophila pseudoobscura % k% ¥tk Him L F] A& £ 2+ T 25l
Flle k] o B IFL“,% Him £ F1x 2 43 A% F 3 3 8 %< (Him

AFF 3 Bexon W RS ALNKZE Cpizg ) AFes 7|



BT IEF -BRRELFRREDETME JEPSL - KEAT B
7 enhancer % i 1+ (Fig.13)
F1* Gene palette 1.04 88 55F Him 7 Flend 3+ 5% 8 &
& BRE T  FEAP B ek & )3 Twist ~ Tinman ~ Pannier ~ DMef2 £
concensus sequence * % LT ay i 8Ls Twist - 8 1 > Tinman - 4 B »
Pannier : 2 % > DMef2 : 2 B > 22 fig.14 enT 3} P52 Fi vt 4o
B2 5 Tinman : 3 B > Pannier : 2 1 > DMef2 : 2 B _& 3 %< 4eh
(Fig 14 1% ¢ SiENA ) MR- 53 5T 3 HET R
B4t 4 BL S 7 4 %] &0 concensus sequence °

YR H 7V 42 AT SRR R L8RP F R3S 0 B-Him A&
F1I B P BOE S s AL ¥l DNA % 0 » ¥ ¥ »~ pH-stinmanger
BRE > T E R % 45 D Himen-1 ~en-2 ~en-3 ~ en-1-1 ~ en-1-2 ~ end.0
kb % en2.2kb & k% ¥ (5 Posakony Lab #7p¥)H 4p B 5 7| = % % #7
¢ 7 g TS T o Fig 15 0 @ % 2 g E A A LR S 1 g Pt
stage 7~stage 17 er3R H 2L ] eGFP £ e fF 2 =% - d S H A Fep
ARG Rg o RIS B2 R P ERATEA S HAPELT
eGFP w83 2 Menid & F 3~ 3R P Him A FenI 35 5
B awEE F & LT ggdhenhancer R | = B Him o5

heart enhancer ¥ it & 3t H ¥ » — — R L PR H S WBRIAF T L



Him4.0kb # # £ & 2 7 Him £ %17 3+ 75 4.0kb e 7 B4R
Genepalette $it 88 H7F % i< %08 7 4p B cndd )3 cnfR & en &%
(Fig.17) » # r2 g B T wc i 8k Twist - 8 & > Tinman - 4 B »
Pannier : 2 & > DMef2 : 2 1 > 1345 Rebeiz & A e jp| b 2 e
*5% = & Suppressor of Hairless ¥ & =% #* 2L F] /X 5 Notch ¥ & 0
T ™ o fiw - B F oAy 0§ F e N Notch ¥ & BF
HEd @i ZHEETF a0 oa HEd DR FF L AAFR G
WA T IO AT 0 K F 28 F e hd JHEAS A o
T * (Rebeiz et al., 2002) » p* $&#& 78 & 3 stage 9 B 4> % I>T trunk
mesoderm primordium ~ 4§ ¥ PF [ cde 0 e stage 11~12 > germ band
extension % germ band retration F¥ 48 *2 % L3 dorsal mesoderm» ¥
7 stage 14 B 438 {7 dorsal closure }t PFHP 3 B £ L AVUE K ALE
% w2 > stage 15 § dorsal closure % = JC P& L ASUE G ALE g
it e B e b > disc precusor £ goand 0 stage 16 # I 1B FUAT L BR
dmPe T oA LR K ARIR L iRB) & > R B R R RS R m e 0
% Iﬁﬂfééx?i" v Jprt s stim e iR 355 eGFP £ T E - f & -

B~ SR amlmngin oo (> R g % . Dmef2) = Flws b



oo RIEFRE - - xp]ﬂf;zﬁ%f» i e w3 dm e & R
ﬁ&#ﬁ Bk g 3% 24 R Tinman 5 o o
Him 2.2 kb(Fig.18) » #* enhancer 5 £~ ¥ Him 4.0 kb+* $ie 3 $ 7 =
=8 w 1B Suppressor of Hairless 1% & =8k JL pRig 78 R wsen e ¥ 2 K 4 TR
epF R % BRHIim 4.0kbiE 78 fR e JLPF P 2 2 % 3540 FF o ffu%ﬁﬁ %
P P A58 T - R0 P R ehd IR 3 152002 &
Rebeiz & * #74 # ¢Him 2.2 kb## 78 & % 2% 22 Him 4.0kb ¢ &
adepithelial cell:m# .3 j#* > cHIR % (Rebeiz et al., 2002) °
Him en-1(Fig.19) ¢ % ¢ 7 Him £ F|eh 5’ F 5 —2414~—916

Him 2.2kb 5 E e =530 4 B ¥ 5 87 .0 50 B e 45 7] 5 @

5y
TN

7z = # Tinman binding site ~ % 1 Pannier binding site ~ — & DMef2 ~
@ B Twist binding site ~ — & Dmef2 binding site o H #& 78 $x % Wb 192
vs 3R % 3K F1eGFP 4 3% %% stage 10 B 45 (e B (i3 cha®° fp) ¢ oz
% (dorsal mesoderm ) # I > % stage 12 PFF germ band retration 7 #
B sk e kB2 o BEA BRI £ L0 £ 22 Him4.0kb 2 Him

-

2.2kb #p e PE R AR e B ek TRenss B K AR HMI3F 50 3]0 stage
15 dorsal closure FF % 5 » ¢ P eGFP & ATk Z & s
%o P eGFP %k Wb iRend e ¥ 5 P H LR wivimie i

myocardial cells i}u myocardial cells ehm % fE4F % 5 > % f& myocardial



cells(Tinman-positive ~ Svp-positive)325 # I » g ¢k [l fm¥e
(pericardial cells) ™ 7 # IR H fA#7 & 2 X971 > [l fwie chdk 3% &
e int % 0 R R TRA S A0 Him4.0Kb 2 Him
22kb AP FERF AR e 28 en& e B k5 #E‘ﬂ'/! 3iF S o F B -
RSSO R A L R R 0 4 AR 3F 4 o Stage 16 dorsal
closure = & » ¥ MAF I ARk ke eGFP R4 33 H 20 &
M oM OB g A dtim?? (myocardial cells) » F333F % 0 @ Rl
e P L g B oo

Himen 1-1 ¢ # B & 7 Him £ F1e0 5 F %5 —2414~—1591 shix
B ¢ 5 Himen-1 e 2 B8 & 5 800 508 + 2 2040 B i 45 9] 5 2
8¢ 323 B Pannier % — % Tinman e binding site H 2k 714 78 % u%
PRI PAABFILeGFP chE I » H 25 ¥ s F VR FERATE ¥ a0 en
BETFFARRET I LI GLEETFF PR A FR AR
eGFP }* P ¥ v F £ H s =% e i % 38 ckn b A & i8¢ eGFP &
vz k2 s s BEE IR o

Himen 1-2(Fig.20) # % £ ¢ 7 Him L F]len 5’} 5 —1723~—
916 iz % & 7 Himen-1 éhis LEI0A H & 2 a8 SHF T R i4p
B g & 7|+ ¢ 35 0 — B Pannier ~ & B Tinman ~ & B Twist ~ — &

Dmef2 i binding site’ 2 2k F]i# 78 % ¥4k 92 75 1 eGFP 4 Himen 1



% stage 10 = + fig33 eh 4 I3 % ] ¢ %2 & (dorsal mesoderm ) stage 12
germ band retration ¥ # I 4 )¢ sx K H L L F 4p #4335 > stage
14~15 dorsal closure % JL>t# ] ¥ 2k crjim 4 sop % A2 % 0B s 5K
L BRAmre o e ek BLIR L & AR ¥u v im e Jic 33 0 3 stage 16 dorsal
closure % = ¥ » % ¥ B H & 3w 9uim 2 (myocardial cells)& —
& — = $p % o P2 (pericardial cells ) % ¥ » e itimie (hk
B5g B e ¥ dmre fiesd o vup kSRR i3 L IR B 7 stage 16
Lo pr o s G send BB T4 o AR P RS
R mie > PRSP A L R B g 03 Himen-1 0 4458
Himen-1-Himen 1-1 2 Himen 1-2 ¢4 3R % 5 > ¥ i $3% #* enhancer
Ak AILE A & Himen 1-2 # 304 > Aarpt e 2
e Tinman % Pannier s34 17 % 384 o

Him en-2(Fig.21)#* * B & 7 Him £ Flen5’ F % —19~—637 chix
BHATE 52 S M HRE T AP M g TS & 35— B Dmef2 ~ -
B Tinman ~ I T Twist 1 binding site > % ¥ ¥ 78 & 92 7~ 11 eGFP % 3R
B 4ot stage 10 24 0 B 2309 g ke > v B & AR o
37 stage 11~12 germ band retration P #p > £ 33 % ] ¢ %2 & (dorsal
mesoderm ) stage 13~14 dorsal closure p¥ % >4 ] ¢ 92k i 4 sop

BRI PE 3R > B4 T2 we e H) 3 3 0 stage 16 dorsal



closure = = pt pE# @ "k < kA it 2 & > L pF eGFP £ 3T @ 5%
e S BUER A s RO R SRR A (e Bl dmbe A A T e
eGFP 4 iT 13— B A F) Dmef2 th# o B HE P57 & OB E T
¥ s 3 Dmef2 e ¥ 8L ¥ A s Dmef2 FEF 1
enhancer # JRL»" % Wb BEE SRk Sei{E o

Him en-3(Fig.22)* & B¢ 5 Him & Feh 5} %5 —19~—1723 ¢h
=¥ Here 3 SRIBC RS T AR T o - B
Pannier ~ = 1 Tinman ~ = B Twist ~ % & Dmef2 11 binding site 7= T
¢ 7z Himen 1-2 2 Himen-2 9975 5 FL o J il 7e S b fR 2 71
77 eGFP # 3%t stage 11~12 germ band retration # IRt % ip] @ "2 &
(dorsal mesoderm) > stage 13~14 dorsal closure FF # L3t o g & 5L 2 %
s BEL BRAmRe o stage 15 A TR A 1L R A % ik s R m e 3N > 3
BB me AR s W 5 F - & - Rlenr Jpotime o 2 H Fle
fmPe IR A > stage 16 oA £ BLITVCR A MLaRR e RSB A X 0@
FHIT S Bz 304 o Himen-3 % TP 92k 2 5 o o 530
/1 ¥ Himen 4.0 2 Himen 2.2 — 3% > J* £ enhancer ¥ it ¢ & 3
904 prd) Him 2 7% T 0% 8 G 503 ¥ afk endt 93 il g T3
A i gl o
The expression of Him related enhancer in different genetic

background



Him en-1 in tinman domain negative background

% twi-24Bgald > WMEMR Him_en=1 o g w4 g oengamT 0 4
tinEnR Him _en—1

7 engrailed repressor domain =7 Tinman € # % R3¢ 52k > ¢ {7

Tinman %@ % eni®® F 4hdrd] » L% Himen-1 0 eGFP £ 3 &
pF R T 3r 4 (Fig.23A) @ ¢ £ enhancer ¢ 7 * ¥R 4 &0 Tinman binding
site(= B)> 32 % ¢ il B anEdp 87 &= B Tinman binding site £ 7

A Him AT kg 2 5 i B4 enF iy o

Him en-1 in Dmef2 mutant genetic background

] Df(2R)X1,Mef2[X1] Him _en—1
cyo Him _en-1

@ F seR cht B R PP % 1
Him en-1 $#78 5% ¥R 92 753 Dmef2 2 g @4 7 » eGFP 4 11

IR, 7B A5 @ (stage 12) (Fig.24C) % at #p (stage

bES

27
16)(Fig.24D) e i o ' $ueieGEP 4 L% Pl3md] » fe $50 % i g
VRN SLPAR IR IR L VAR G V=9 SN2 & v Y N RS SR 23

enhancer 3 7 — B Dmef2 crad 37 % 38 > ¥3° Him 3L F] @ "2 384

A RAG (TR 0 PRI RS S R A FS -
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