
 

Him gene stage 9 ~10 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 E H G

Him Him

dorsal mesoderm Him

dorsal mesoderm

Fig.5F Fig.5H (cardial cells and pericardial 

cells) Him

cardial cell Him

Him

 

    tinman 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  

    Him tinman stage 7~8

tinman trunk mesoderm anlage foregut(Fig.6A)  Him

stage 9 ~10 trunk mesoderm primordium

Fig.6E stage 11~12 tinman Him cardiac mesoderm 

primordium Fig.6C F Stage 13 dorsal 

vessel tinman cardial cells

(pericardial cells) Him mRNA

Him cardial cells (pericardial cells)

Him

Dmef2

tinman even skip Him  

2.
Tinman domain negative expression in mesoderm 

repressor domain Tinman

tinman Him

in situ hybridization tinman Him

tinman



(Bodmer, 1993) Him

Fig.8A C C A

Fig.8B D tinman domain negative expression D

B Him

tinman

Him Tinman domain 

negative form protein Him

tinman domain 

form tinman Him

tinman

Him  

Pannier domain negative expression in mesoderm 

repressor domain Pannier

Pannier Him

Fig.9A C C A fig.9B

D Pannier domain negative form D C

pannier

myocardial pericardial

(Alvarez et al., 2003) Him



pannier domain form pannier

Him

Pannier Him

 

3.  

Alberto deficiency Df(1)22622DL

deficiency

deficiency duplication DP(1;3)JC153

deficiency Df(1)22622DL T(1;Y)W32 T(1;Y)V7

breakpoint 170kb duplication DP(1;3)JC153 550kb

deficiency Df(1)22622DL duplication DP(1;3)JC153

 

Df(1)22622DL/ Df(1)22622DL Df(1)22622DL/ DP(1;3)JC153  

DP(1;3)JC153/ DP(1;3)JC153 satage 7 ~ stage 16

anti-Dmef2 Dmef2

Fig.10

Dmef2



germ band extension

germ band extension

 

4.Him RNA   

twi-24B-Gal4 UAS-Him Him

twi-24B-Gal4 tubulin-Gal4 Him pWIZ

Him exon-1 RNA

RNA Him Him

(Kim et al., 2004; Lee and Carthew, 2003; Yuan et al., 2002)

Dmef2 Tinman Him

 

Dmef2  

DMef2 Him

Fig.11 B Him



Fig.11C

A DMef2

Alberto

Deficiency mutant and Duplicated mutant

Duplicated mutant

Deficiency mutant  

    Tinman  

Tinman Him Tinman

myocardial cells pericardial cells (Fig .12B) Him

Tinman myocardial cells pericardial cells

(Fig.12C) Dmef2

 

5.Him heart enhancer  

Genomics Division of Lawrence Berkeley National Laboratory 

VISTA tools Drosophila melanogaster  

Drosophila pseudoobscura Him

Him Him

exon N C



enhancer Fig.13  

    Gene palette 1.04 Him

Twist Tinman Pannier DMef2

concensus sequence Twist 8 Tinman 4

Pannier 2 DMef2 2 fig.14

Tinman 3 Pannier 2 DMef2 2

Fig.14

concensus sequence  

Him

DNA pH-stinmanger

Him en-1 en-2 en-3 en-1-1 en-1-2 en4.0 

kb en 2.2kb ( Posakony Lab )

Fig.15

stage 7~stage 17 eGFP

eGFP Him

enhancer Him

heart enhancer



eGFP

    

Him 4.0 kb Him 4.0kb

Genepalette

(Fig.17) Twist 8 Tinman 4

Pannier 2 DMef2 2 Rebeiz

Suppressor of Hairless Notch

Notch

(Rebeiz et al., 2002) stage 9 trunk 

mesoderm primordium  stage 11~12 germ band 

extension germ band retration dorsal mesoderm

stage 14 dorsal closure

stage 15 dorsal closure

disc precusor goand stage 16

eGFP

Dmef2



Tinman  

Him 2.2 kb(Fig.18) enhancer Him 4.0 kb

Suppressor of Hairless

Him 4.0kb

2002

Rebeiz Him 2.2 kb Him 4.0kb

adepithelial cell (Rebeiz et al., 2002)  

Him en-1(Fig.19) Him 5’ 2414~ 916

Him 2.2kb

Tinman binding site Pannier binding site DMef2

Twist binding site Dmef2 binding site

eGFP stage 10

dorsal mesoderm stage 12 germ band retration 

Him 4.0 kb Him 

2.2kb stage 

15 dorsal closure eGFP

eGFP

myocardial cells myocardial cells myocardial 



cells(Tinman-positive Svp-positive)

(pericardial cells)

Him 4.0 kb Him 

2.2kb

Stage 16 dorsal 

closure eGFP

myocardial cells

 

Him en 1-1 Him 5’ 2414~ 1591

Him en-1

Pannier Tinman binding site

eGFP

eGFP eGFP

 

Him en 1-2(Fig.20) Him 5’ 1723~

916 Him en-1

Pannier Tinman Twist

Dmef2 binding site eGFP Him en 1



stage 10 dorsal mesoderm stage 12 

germ band retration stage 

14~15 dorsal closure

stage 16 dorsal 

closure (myocardial cells)

pericardial cells

stage 16

Him en-1

Him en-1 Him en 1-1 Him en 1-2 enhancer

Him en 1-2

Tinman Pannier  

Him en-2(Fig.21) Him 5’ 19~ 637

Dmef2

Tinman Twist binding site eGFP

stage 10

stage 11~12 germ band retration dorsal 

mesoderm stage 13~14 dorsal closure

stage 16 dorsal 



closure eGFP

eGFP Dmef2

Dmef2 Dmef2

enhancer  

Him en-3(Fig.22) Him 5’ 19~ 1723

Pannier Tinman Twist Dmef2 binding site

Him en 1-2 Him en-2

eGFP stage 11~12 germ band retration

(dorsal mesoderm) stage 13~14 dorsal closure

stage 15

stage 16

Him en-3

Him en 4.0 Him en 2.2 enhancer

Him

 

The expression of Him related enhancer in different genetic 

background 



Him en-1 in tinman domain negative background 

twi-24Bgal4 > 
1_
1_

−
−

enHim
enHim

tinEnR
tinEnR

engrailed repressor domain Tinman

Tinman Him en-1 eGFP

(Fig.23A) enhancer Tinman binding 

site( ) Tinman binding site

Him  

Him en-1 in Dmef2 mutant genetic background 

1_
1_Mef2[X1] Df(2R)X1,

−
−

enHim
enHim

cyo
 

Him en-1 Dmef2 eGFP

stage 12 (Fig.24C) (stage 

16)(Fig.24D) eGFP

enhancer Dmef2 Him
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