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EXRE

Myt-5 is the one of the muscle regulatory factors involved in the proliferation
of myoblasts and differentiation of myogenic cells. Yet, the cis-regulatory elements
of myf-5 gene are not clearly defined. Due to no particularly suitable cell-lines
available for analyzing the gene regulation of zebrafish myf-5, in vivo transgenic
assay was employed. A plasmid which contained zebrafish myf-5 gene upstream
regulatory sequence from —9977 to —1 (-9977/-1), exon 1 (E1), intron 1 (I1), exon 2
(E2) and in frame fused with GFP [(-9977/-1)/E1/11/E2/GFP], was constructed and
microinjected into one-cell embryos. Surprisingly, the somite-specific expression
rate was extremely low (2 %, n=392), compared to that (94 %) of embryos injected
with (-9977/-1)/GFP. Similar results were also obtained by injecting the constructs
of E1/11/E2/GFP but fused with —7710/-1, -2937/-1 and —290/-1. To further study
the regulatory elements within the intron, various deletion fragments of intron 1
were finely dissected and fused with upstream -2937/-1 and GFP [(-2937/-1)/GFP].
The somite-specific expression rates were 2, 90, 88, 87, 83, 12, 10, 8 and 83 % for
embryos injected with (-2937/-1)/GFP fused with intron 1 +502/+2503,



+1174/+2503, +1768/+2503, +790/+1489, +1467/+2152, +502/+1787, +502/+1199,
+502/+835 and +502/+659, respectively. Whereas, the somite-specific expression
rate of embryos injected with (-2937/-1)/GFP was 84 %, which was quite close (91
%) to that of embryos injected with fragment (-2937/-1)/GFP/(+502/+1199) but
absence of +660/+816 segment. These evidences strongly suggest that downstream
sequence of +660/+816 motif represses the expression of zebrafish myf-5 gene. This
is the first report to propose that an intron segment may be involved in delicately

controlling the somite-specific and stage-dependent expression of myf-5.
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FHad b F R v A2k K p 484 (somite) d paraxial mesoderm 5 d Tk
a4 % (segmentation) & 4 o %8 & p GCp 5 5% w2 (myogenic precursor cell)
7L s VR dw e (myoblast) X B RIS SAcod! 35 F (neural tube) ~ # %
(notochord) ~ floor plate 2 # @£ $hip| *h 2 B FAr 2 ML X B 3 ) =
(Ordahl and Le Douarin, 1992 ; Miinsterberg et al., 1995; Denetclaw et al.,
1997) - % % dermomyotome) = ¥ i £ RBEF £ 2E W > ZRITP Fha R A fm
R RE A pht 2 9§ (epaxial myotome) ; iR HEY fih o HRIT L | TR
* i A R RS #T 2 9& (hypaxial myotome) ; @ A H ¢ B chlm
o F R A RS S A R & (dermatome) o L RIAIE R A E F R &
(sclerotome) ° fibh b # #ud i & 25 F fpldeep musclesd = 5 T 4 IuE A &
AR R e S RS AAL P ik e AR
g, F L L E A 2 (Ordahl, 1993; Christ and Ordahl, 1995; Kato and
Anyama, 1998; Venters et al., 1999) - &% Z F{ad4 ¢ » F ¥vvi & §.d b
T LA R @ TR T - b B A B A ARG U il A T A
(Non-migratory hypaxial muscle)£2 A = w 3 ~ = 3V Z eFRgdh Ao and 5 [ h™ oo
(migratory hypaxial muscle) (Christ et al., 1983; Bober et al., 1991; Pownall and
Emerson, 1992; Smith et al., 1994; Williams and Ordahl, 1994; Denetclaw et al.,
1997) -

SR T BAR R o dw B e Bl A (L > A B R T - g 4
B TS i 0 Fet SfE & muscle regulatory factors  (MRFs) o p o
FIAMREsL & d v = f 2 & W G MyoD (Davies et al., 1987) ~ Myf5
(Braun et al., 1989) ~ Myogenin (Braun et al., 1989; Wright et al., 1989;
Edmondson and Olson, 1990) # MRF4 (Rhodes and Konieczny, 1989; Braun et al.,
1990; Miner and Wold, 1990) - MRFs %4 * & 3 — i basic-DNA binding motif



£ helix-loop-helix domain > #* fé 4 ™ 443 32 M HE 8 3o F e > 4o
protooncogene c-myc (Stone et al., 1987) > 34 432 # 52k 2} = e-3Twist (Thisse et al.,
1988)£7 %27 % imA = 4 & & ¢ achaete-seute (Villares and Cabrera, 1987)% o
MRFS%*F‘? d helix-loop-helix domain % Jf#fi’ H @ i &) 3 4eE12 8 E47:2 7
dimerization > £ 41 * basic-DNA binding motif > & — 722 E-box (CANNTG) %
& @ E-boxil ¥ 15 et iep g T ARM A Flh) PR RS & A & P
PR MAFILA R # i (Yutzey et al, 1990; Chakraborty et al., 1992;
Edmonson and Olson, 1993) -

P g I Myf-5 ~ MyoD #%4R & A 5% B vop fove 38 - € 2 & F)
+ > @ Myogenin &2 MRF4 B § # 400 p s it - f& ¢ hlmie 5 LA IR
Myf-5 &2 MyoD » ¢ #vjp# fmPe A it S ¥C R o2 (myocyte) » 2 {5 fmPe L %
I Myogenin 22 MRF4 - i¢ H +% s myocyte f & 7 /i 4 14 £ 0 & & 5 e
o (myotube) 0 i - )= aepk g (muscle fibers) ( Smith et al., 1994;
Yablonka-Reuveni and Rivera, 1994; Rudnicki and Jaenisch, 1995; Cornelison
and Wold, 1997) c R E B E F T ALY >  MRFs end X f8 & %
Fl e F 2 B2 8 (Currie and Ingham, 1998; Cossu and Borello, 1999) Myf-5 eh
#IRZA S E (neural tube)® # % (notochord) A 2 3t & F]+ ¢ 4% hedgehog
% Wnt 1 % %@ B 44 4 (Miller et al., 1999; Borycki et al., 1999; Kruger et al.,
2001; Gustafsson et al., 2002) « MyoD &4 3 %8 & ¢k 2] Wnt 7 (Cossu et al.,
1996; Cossu and Borello, 1999; Ridgeway et al., 2000; Wagner et al., 2000;
Cauthen et al., 2001)#73 %4 4 > @ TGF-B superfamily = A BMP4 (bone
morphogentic protein 4):14-¥ > ¥ ¢ MyoD % A 4 g S Ma ko A it
(Cossu et al., 1996; Cossu and Borello, 1999; Dietrich 1999)

pasf b myf-5 2K Fle#7 7 > 41* whole mount in situ hybridization
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oo 2 (S 00E ) PEE A 4e S 4 somite £ IR myf-S mRNA > & H A RE & 16
hpf pFif 7 Jﬁxrﬁ oo gL pFE G 12 $Fehsomite & IR0 2 {5 myf-5 mRNA 4 R
B RGBS 3] 260 hpf 2- 16 = > W B3 3| (Chen et aI ,2001) o e § %2> myf-5
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- 2 A 4p % £ & (Chen et al, 2003) -

d gt “\'F”ﬁﬁ% & omyf-5 A Fen fRimipg § Lo rﬂt“ N
f# zebrafish myf-5 A Flie s 2 prh & - 2 P adiphd) » 22 FL 4



myf-5 X F1{ * 25 7 £ > myf-5 intron # £ % myf-5 3°-UTR % & % > # myf-5
AT B L - AR LT AL S @ B b inviv
MR AR RS E AR R B B
i ooika 7 fEmyf-s AFIEH B AFIR 2 4p 3 BE 0 # myf-5 A F] Asa s
FOET Y d g seam il L e

P
PR

50 B R B g myf-5 e firstintron A FlA I bk d o AR %
KT A RSl e (- ) PR R R3] BARTE -

In Vivo Transgenic Assay
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IF - g P oo 4o r 0.6 B M4 2 Isopropanol > B 37-20 ik 1)

PEIL oo Btk 2. RNA B4 > 4 > 14000 Xg > g 30 & 48 0 52
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mibﬁz
& 1 f# zebrafish myf-5 prfF & prip & — L IenfF > TR R 2R 7
{ & myf-5 F Prfcde 3+ 2 R8> # 3 AL £ myf-5 ﬁ-i'l"’nhégi
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myf-5 AT 25 10 kb 2 T 3 kb A0 1454 S SHEA D pZmyp
(-9977/-1)/GFP 4= pZmyp (—8600/-1)/GFP » fe s it 15 it 7 ALk bt » o 5
i2 54 pZmyp (-2937/-1)/GFP ~ pZmyp(-290/-1)/GFP ¥ % %P8 ' o % % kg 77 >
v f6 F A [pZmyp (-9977/-1)/GFP » (—8600/-1)/GFP ~ (-2937/-1)/GFP
(-290/-1)/GFP] . 30 hpf P » L2 % & sk B & % — ZILF A w] 5 94 % 96
% ~ 84 %fr 85%°z\fr«?’r’}§.ﬁ’?%ﬁ“’/‘4 2. 10kb ~ 8.6 kb *+ 55 51| » i

AFE - B EF LY ARG AL AP SYF AR R S LR
FUEFPER AN A 3 A ARE (Fig. Do ¥ B2 Y R 7 7 myf-5
AFF P10 kb 2. £ RFE > 8§k &5 6 hpf F¥ » { % segmental plate <
R NIREER k> NIRRT myf-S AT FAF 6 kb 2 A IRFHE
[pZmyp (-6212/-1)/GFP] » 7.5 hpf # L { 5 4% (Chen et al.2001) - & %
% Tk i 22 whole mount in situ hybridization #7 B 4 (& myf-5 mRNA #
B2 B2 ¥ sy g FkIFF L mAgiE 48 hplf» ¥ | R % o

Zebrafish myf-5 F M3 B 5| & LWL T 7% "‘*}#ﬂ.‘ﬂ)—?fl (RS- 2R
£k ﬁ :
P0G EFIEE myfS R FT R AP 0 23 & 4 A4 my-S & 16 hpf
60 3% % mRNA £ AT &35 Sp M B 51 5F & o én‘v ERLT T3 myfS
3 ,%é;g@ﬁ:ﬁ. 7] B L\ 2T S “”f?ér]ﬁ”’q %&@@‘r s &F'/F'{ e gj—gj).,,_‘ % IR
FRAREEDLR HALRDTHY > F F 273 F £ & zebrafish myf-5
& A )(-9977/-10 -8600/-1> -2937/-1 -290/-1) » il £ zebrafish myf-5 exon
1 (E1) ~intron 1 (I1) ~ exon 2 (E2) » # in frame £ & GFP cDNA (GFP) » i&
f*%ﬁi%iiﬁfo.éé%%?m’w%*%ﬁpZmyp
(-9977/-1)/E1/11/E2/GFP~(-290/-1)/E1/11/E2/GFP ¥ & A& {8 & & - £ L %
BTTRER 2% 1% 5%fc4 % F S E kR B R R el o ok K3
AR AREE S RATY P EA S Y o B0 BRI - ah
¥ AR (Fig. 1)e 5 1 #F * ¢ Flintron 123 7}}EJ_ #2 splicing> # ¥ mRNA
f i 2¥ (translation)i® #42% 24 reading shift efF2) » E 2 % § X & RAER %
Moo Tt oo - RS o T B R AL S kAT K pZmyp
(-9977/-1)/E1/I1/E2/GFP 5 » % ¥ % 24 hpf 2. 506 4 9475 » ¥ 04 4 L b2 05
AfERAeiT L REE{TRT-PCR A K - S5 br WAFokE? ks
- 51% & J DNA # £ > ¥ ¢ DNA ¥ % & intron 1 4% splicing ¢ mRNA
FECX ] 0 FP intron 1 £2F 4% & #E splicing (Fig. 2) > rﬂﬁ“ﬁﬁi' | ek K
9 _Myf-5 ¥2 GFP 2 fusion protein » 2 ¥ K 2 AR T F 5 » &7 i
A F G myfS AFTAEREAY 0 3 AFE L R TFS A myf-5 & Fli
I e



% F & B zebrafish myf-5 intron 1 ¥ £ 27 + 55 5|4- GFP 4p:2 {5 - R & &
- % R 45

myf-5 A FIT AR Sl ensf de o i@ 8k ARG R L F)t ke myf-S

+ ¥ B 5| (-2937/-1)# GFP cDNA (GFP)4a 4% 2 {4 » & # } intron 1
(+502/+2503) % fF # fLo & A uldR L - BAET AHHEFIRE S NI R R
intron & £ TR GVFRE i (7RG SP(Fig. 3) o B % ¢ F Mo myf-5 ¢
% KB 70 &2 GFP 40 & > £ 4& +} = K  intton 1 % R 2
pZmyp(-2937/-1)/GFP/(+502/+2503) » A iz $ais » ¥ K A MF 2 4 % 2% >
Fh b intron 1 ¥ F e pZmyp(-2937/-1)/GFP § 48 84 %4 2% T 5 24 B
¥ o FWAILT - 4pF + [ 2kb DNA 2 £B % intron 1 =¥ *TH A a8
pZmyp(-2937/-1)/GFP/(02K) » H & sk 4 3| & 4r i 87 % &
pZmyp(-2937/-1)/GFP £ B 2 % o &% intron 1 # ¥ » 7 5 § & = myf-5
EREARFTHEIALERE o BF i@ﬁ'ﬁj"!“ﬁiﬁ X % £ B 9 intron

# B 328 ) pZmyp (-2937/-1)/GFP » % # F intron 1 % £i+502/+835 #r4f
$ 88 pZmyp(-2937/-1)/GFP/(+502/+835) » & Hicit b % & 4 T3 (v 2 4p 3§ %
8 % v & - 5 intron 1 B B F 45024659 0 A T M
pZmyp(-2937/-1)/GFP/(+502/+659) » ¥ % # Bk frw 42 3 83 %o & * L]
# L4 A% % Hindlll ~ Xbal *» 2 myf-5 +660/4816 A 7| & H# A F #
pZmyp(-2937/-1)/GFP/(+502/+1199)A(+660/+816) » & £ % %4 w4F 3 91
Yoo lF b Vit % » APIBE AL RF TETRL RS > Vi A intron 1 ¥

B+660/+816 7 o

Zebrafish myf-5 £ F] intron 1 % #|(Z +660/+816 % 3#)> H = w482 = § M 4
¥FREAR2ZPE:

Jfﬁfﬁh FAE2 ¢ F { *tintron 1 ¢ +660/+816 A 7|7 {4 B f 78 I3 L
gk EAIF L BApg + (Fig. 4) 0 4 intron B (% +660/+816 ¥ )14 i
% % f o~ 2 F M pZmyp (-2937/-1)/GFP/(+502/+2503) %
pZmyp(-2937/-1)/GFP/(+502/+835) » H & %k £ M AF A w5 2 %2 8§ % it
FAE B AIEPE w45~ 0 R 2 A pZmyp(-2937/-1)/GFP/(+2503/+502) 2
pZmyp(-2937/-1)/ GFP/(+835/+502) » # & k£ A fr7 ki 1 82 %% 86
% o @ iE * AHIndIIl marker 2kb % £ (A2K)P~* intron 1 chf 7] #7121
% M pZmyp(-2937/-1)/GFPIO2K)(H) & F % 4 pZmyp(-2937/-1)/
GFP/(M2K)(-) » H § k2 MF 2 22 X 1 F w e r @50 235 89 %% 82
% o ¥ ¢h > ¥ intron B (7 +660/+816)1L v ¥ I frdF 2w o A FH
pZmyp (+502/+1199)/(-2937/-1)/GFP » Bl b & %k 4 3K 75 % 55 & ¥ it
% ¥5 8 > zebrafish myf-5 2 ¥« intron +660/+816 5 74 myf-5 & Fléh4
B HEF el - o
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a5 4 myf-5 F 10 kb fc#> 3+ B 5|~ 3° UTR %3 £ intron 1 % £+660/+816

el myf-5 £ Rinfp 3 B ik
A2 A HEEFEFT o IrdsmB h myf-5 ARF TR RE 0V

& intron 1 5 E+660/+816 B 7 |¢ o v d FHRBIpEEF R > 55 ;ﬁd =4
+660/+816 K 7| » i 3| myf-5 % 3% T %5 e o] 0 22 myf-5 b %5 10 kb £k
ﬁv—rﬁwnj X EERPEFEY Fig DeFir At FEATS & myf-SJ o

B 7] (-9977/-1 » -8600/-1 » -2937/-1 > -290/-1) > siif%-“"/w\'f 7% *T#ﬁsrﬂ}—?
FNEVIVE2) > ;27 Bt st > W& & - F R ARF T AEF F PFA 7| 4
MR OATECR o W I B2 ~5 %R (Fig. 1) o F]pt o b %HEA .Le’%a?;: myf-5 % IReh
AEFHRTA AP o Rm B FF K 10kb fF S+ B 7> T3 3 ENII/E2
4 F A8 pZmyp (-9977/-1)/GFP » 5 A fcid 38 IS F 3 &) 6 hpf pF > (f
% segmental plate (= % JIILEL R & k> D ILPERF 2 F k& UKk AL 0 22 whole
mount in situ hybridization #1 i jp|p 2 £ myf-5 mRNA # 2 = % 25§ 25 iy
(Fig. 1) m " fa % - FRAMFApE 5 > B ik myf-5 + %55 7¢ >
FER e 70 L % myf5 rm%#”r]—* e LRFE R omyf-5 A in s B enik
WoofRm B g myf-5 FAF10kb A3 FH & - BEAREF LF LR myf-5 Az
PR R Hp A et i o e FURR A IRAr A 16hpf 2 18 A RPrdlF oA FE AR
AR & myf-5 FAF 10kb A 7 0 B3R T s A F R S(EII/E2) %0 &
RPN T BARY o Sk A TN M T ¥ ks B 33 o 483 zebrafish myf-5
B 10kb £ 255 7] > ¥ a3 ¥ 2 intron 1 5 £+660/+816 4p 5 & (723 4
s 4] > & myf-5 &% 75% 7 16hpf 2% > 7 % intron 1 % EL+660/+816 #r]
e B

myf-5 intron 1 % ;+660/+816 > = v 2 = % & — M adFEit .
myf-5 intron 1 7 Fx+660/+816 » i = myf-5 £ MF T g+ £ 25 >

2 =% % - endF it o myf-5 intron 1 7 F+660/+816 B 714G ot = 4F 4
intron 1 5 E&+660/+816 5 7|2 = sk ez & ’h%"-i% = #L ¥4 $x(transcription)
# % 1 & intron 1 %‘$;+660/+816 Bt e i) » S EHRID F o g
W AiB AL T B e Eg o © & RNA #4427 > 7 F exon -~ intron F # € 4%
#4591 B 71 > 4 intron 1 ‘?‘ﬁ;»+660/+816 B2 i frsd S drd) 0 BH BT
s+ B2z w4 3 H Frd) gy ) RNA #4518 4% > RNA polymerase ¢ 5
A3 ik o intron 1 2 BH660/4816 % & 7k -0 i & EeriEiR T
BPenfezg > dointron 1 P2 v {30 3 7 IR B oo Tt 4 3 e
fe* (Fig. 4) > & 4 intron 1 ¥ £ +660/+816 & /&2 = K 7 B #T /A 7| % &
drexon 1 £ i®% » F { :xintron 1 P B> w2 28 § &4 £ Frg|s i o
$t F8 IR % % human Pax5 exon 1A ¢ *#74¥ .2 repressor (Rahman et al., 2001) >
3 rat carnitine palmitoyltransferase 1 first exon/intron % % 2_ enhancer (Wang et
al.,2002) » HIFFF > $HEF P2 R - fFHmea i g Amas R
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¥] cis-acting elements 733 37 > M = PR B EEF 4 (Klamut et al., 1996;
Tone et al., 1999; Outram et al., 2001) °

IR TFR:

Bober, E., Lyons, G. E., Braun, T., Cossu, G., Buckingham, M. and Arnold, H. H. (1991). The muscle regulatory gene,
Myf-5 has a biphasic pattern of expression during early mouse development. J. Cell. Biol. 113, 1255-1265.

Borycki, A. G, Brunk, B., Tajbakhsh, S., Buckingham, M., Chiang, C. and Emerson, C. P. Jr. (1999). Sonic hedgehog
controls epaxial muscle determination through Myf5 activation. Development 126, 4053-4063.

Braun, T., Bober, E., Winter, B., Rosenthal, N. and Arnold, H. H. (1990). Myf-6, a new member of the human gene
family of myogenic determination factors: evidence for a gene cluster on chromosome 12. EMBO J. 9, 821-831.

Braun, T., Buschhausen-Denker, G., Bober, E., Tannich, E. and Arnold, H. H. (1989). A novel human muscle factor
related to but distinct from MyoD1 induces myogenic conversion in 10T1/2 fibroblasts. EMBO J. 8, 701-709.

Carvajal, J. J., Cox, D., Summerbell, D. and Rigby, P. W. (2001). A BAC transgenic analysis of the Mrf4/Myf5 locus
reveals interdigitated elements that control activation and maintenance of gene expression during muscle development.
Development 128, 1857-1868.

Cauthen, C. A., Berdougo, E., Sandler, J. and Burrus, L. W. (2001). Comparative analysis of the expression patterns of
Whnts and Frizzleds during early myogenesis in chick embryos. Mech. Dev. 104, 133-138.

Chakraborty, T., Martin, J. F. and Olson, E. N. (1992). Analysis of the oligomerization of myogenin and E2A products
in vivo using a two-hybrid assay system. J. Biol. Chem. 267, 17498-17501.

Chen, Y. H., Lee, W. C., Liu, C. F. and Tsai, H. J. (2001). Molecular structure, dynamic expression, and promoter analysis
of zebrafish (Danio rerio) myf-5 gene. Genesis 29, 22-35.

Chen, Y. H,, Lee, H. C., Liu, C. F., Lin, C. Y and Tsai, H. J. (2003). Novel regulatory sequence -82/-62 functions as a key
element to drive the somite-specificity of zebrafish myf-5. Dev. Dyn. 228, 41-50.

Christ, B., Jacob, M. and Jacob, H. J. (1983). On the origin and development of the ventrolateral abdominal muscles in
the avian embryo. An experimental and ultrastructural study. Anat. Embryol. 166, 87-101.

Christ, B. and Ordahl, C. P. (1995). Early stages of chick somite development. Anat. Embryol. 191, 381-396.

Cornelison, D. D. W. and Wold, B. J. (1997). Single-cell analysis of regulatory gene expression in quiescent and activated
mouse skeletal muscle sayllite cells. Dev. Biol. 191, 270-283.

Cossu, G. and Borello, U. (1999). Wnt signaling and the activation of myogenesis in mammals. EMBO J. 18, 6867-6872.

Cossu, G., Tajbakhsh, S. and Buckingham, M. (1996). How is myogenesis initiated in the embryo? Trends Genet.
12,218-223.

Currie, P. D. and Ingham, P. W. (1998). The generation and interpretation of positional information with in the vertebrate
myotome. Mech. Dev. 76, 3-21.

Davis, R. L., Weintraub, H. and Lassar, A. B. (1987). Expression of a single transfected cDNA converts fibroblasts to
myoblasts. Cell 51, 987-1000.

Denetclaw, W. F., Christ, B. and Ordahl, C. P. (1997). Location and growth of epaxial myotome precursor cells.
Development 124, 1601-1610.

Dietrich, S. (1999). Regulation of hypaxial muscle development. Cell Tissue Res. 296, 175-182.



Edmondson, D. G. and Olson, E. N. (1990). A gene with homology to the myc similarity region of MyoD!1 is expressed
during myogenesis and is sufficient to activate the muscle differentiation program. Genes Dev. 3, 628-640.

Edmondson, D. G. and Olson, E. N. (1993). Helix-loop-helix proteins as regulators of muscle-specific transcription. J. Biol.
Chem. 268, 755-758.

Gustafsson, M. K., Pan, H., Pinney, D. F., Liu, Y., Lewandowski, A., Epstein, D. J. and Emerson, C. P. Jr. (2002).
Myf-5 is a direct target of long-range Shh signaling and Gil regulation for muscle specification. Genes Dev. 16, 114-126.
Hadchouel, J., Tajbakhsh, S., Primig, M., Chang, T. H-T., Dubas, P., Rocancourt, D. and Buckingham, M. (2000).
Modular long-range regulation of Myf-5 reveals unexpected heterogeneity between skeletal muscles in the mouse embryo.

Development 127, 4455-4467.

Kato, N. and Anyama, H. (1998). Dermamyotomal origin of the ribs as revealed by extirpation and transplantation
experiments in chick and quail embryos. Development 125, 3437-3443.

Klamut, H. J., Bosnoyan-Collins, L. O., Worton, R. G., Ray, P. N. and Davis, H. L. (1996). Identification of a
transcriptional enhancer within muscle intron 1 of the human dystrophin gene. Hum. Mol. Genet. 5, 1599-1606

Kruger, M., Mennerich, D., Fees, S., Schafer, R., Mundlos, S. and Braun, T. (2001). Sonic hedgehog is a survival factor
for hypaxial muscles during mouse development. Development 128, 743-752.

Miller, J. B., Schaefer, L. and Dominov, J. A. (1999). Seeking muscle stem cells. Curr. Top Dev. Biol. 43, 191-219.

Miner, J. H. and Wold, B. (1990). Herculin, a fourth member of the MyoD family of myogenic regulatory genes. Proc.
Natl. Acad. Sci. USA 87,1089-1093.

Miiller, F., Chang, B. E., Albert, N., Tora, L. and Strihle, U. (1999). Intronic enhancers control expression of zebrafish
sonic hedgehog in floor plate and notochord. Development 126, 2103-2116.

Miinsterberg, A. E., Kitajewski, J., Bumcrot, D. A., McMahon, A. P. and Lassar, A. B. (1995). Combinatorial signaling
by Sonic hedgehog and Wnt family members induces myogenic bHLH gene expression in the somite. Genes Dev. 9,
2911-2922.

Ordahl, C. P. and Le Douarin, N. M. (1992). Two myogenic lineages within the developing somite. Development 114,
339-353.

Outram, S. V., Grimwade, D. and Crompton, T. (2001). Repression of CD2 gene expression is mediated by an AP-2
reglated factor. Biochem. Biophys. Res. Co. 281, 409-415

Pownall, M. E, and Emerson, C. P. (1992). Sequential activation of three myogenic regulatory genes during somite
morphogenesis in quail embryos. Dev. Biol. 151, 67-79.

Rahman, M., Hirabayashi, Y., Ishii, T., Kodera, T., Watanabe, M., Takasawa, N. and Sasaki, T. (2001). A repressor
element in the 5’-untranslated region of human Pax 5 exon 1A. Gene 263, 59-66.

Rhodes, S. J. and Konieczny, S. F. (1989). Identification of MRF4: a new member of the muscle regulatory factor gene
family. Genes Dev. 3, 2050-2061.

Ridgeway, A. G., Petropoulos, H., Wilton, S. and Skerjanc, I. S. (2000). Wnt signaling regulates the function of MyoD
and myogenin. J. Biol. Chem. 275, 32398-32405.

Rudnicki, M. A. and Jaenisch, R. (1995). The MyoD family of transcription factors and skeletal myogenesis. BioEssays 17,
203-209.

Smith, T. H., Kachinsky, A. M. and Miller, J. B. (1994). Somite subdomains, muscle cell origins, and the four muscle

regulatory factor proteins. J. Cell Biol. 127, 95-105.



Stone, J., de lange, T., Ransay, G. et al. (1987). Definition of regions in human c-myc that are involved in transformation

and nuclear localization. Mol. Cell. Biol. 7, 1697-1709.

Summerbell, D., Ashby, P. R., Coutelle, O., Cox, D., Yee, S-P. and Rigby, P. W. J. (2000). The expression of myf-5 in
the developing mouse embryo is controlled by discrete and dispersed enhancers specific for particular populations of
skeletal muscle precursors. Development 127, 3745-3757.

Thisse, B., Stoetzel, C., Gorostiza-Thisse, C., Perrin-Schmitt, C. (1988). Sequence of the twist gene and nucleolar
localization of its protein in endomesodermal cells of early Drosophilia embryos. EMBO J. 7, 2175-2183.

Tone, Masahide., Diamond, L. E., Walsh, L. A., Tone, Y., Thompson, S. A. J., Shanahan, E. M., Logan, J. S. and
Waldmann, H. (1999). High level transcription of the complement regulatory protein CD59 reruires an enhancer located
in intron 1. J. Biol. Chem. 274, 710-716.

Venters, S. J., Thorsteinsdottir, S. and Duxson, M. J. (1999). Early development of the myotome in the mouse. Dev.
Dynam. 216, 219-232.

Villares, R. and Cabrera, C. V. (1987). The achaete-scute gene complex of D. megalomaster: conserved domain in subset
of gene required for neurogenesis and their homology to myc. Cell 50, 415-424.

Wang, G. L., Moore, M. L. and Mcmillim, J. B. (2002). A region in the first exon/intron of rat carnitine
palmitoyltransferase 1p is involved in enhancement of basal transcription. Biochem. J. 362, 609-618.

Wagner, J., Schmidt, C., Nikowits, W. Jr. and Christ, B. (2000). Compartmentalization of the somite and myogenesis in
chick embryos are influenced by wnt expression. Dev. Biol. 228, 86-94.

Williams, B. A. and Ordahl, C. P. (1994). Pax-3 expression in segmental mesoderm marks early stages in myogenic cell
specification. Development 12, 785-796.

Wright, W. E., Sassoon, D. and Lin, V. K. (1989). Myogenin, a factor regulating myogenesis, has a domain homologous
to MyoD. Cell 56, 607-617.

Yablonka-Reuveni, Z. and Rivera, A. (1994). Temporal expression of regulatory and structural muscle proteins during
myogenesis of satellite cells on isolated adult rat fibers. Dev. Biol. 164, 588-603.

Yutzey, K. E., Rhodes, S. J. and Konieczny, S. F. (1990). Differential trans activation associated with the muscle

regulatory factors MyoD1, myogenin, and MRF4. Mol. Cell Biol. 10, 3934-3944.



g APERR T 233 H LR RAT(d 2100 L)

G0.3-SaclF CGCGAGCTCTCAAAGTCTACATCTAAA
G0.3-AgelR  GGTGGCGACCGGTACAGGACTGTTGCA

F1 ATGGTAAATATGACTCTCTTTCTCT
F2 TCTATGGGGTTTAAACATGATAGAC
F3 CTACAGTGAAGCTCTGCATAAACTC
F4 GGCTCCTCCTTTTACGCTTAGATA
F5 TGTTCATTCACTCATTTTCTTTTCG
F6 TTAAATGACTACAATACTGTTGG
F7 GACTCTAAAAAATGCTGGAT

R1 GACACAATGAAGAAGAGAGAAACCT
R2 TATATATCTAAGCGTAAAAG

R3 TGGACAAACAGCAGTAAGC

R4 CGAAAAGAAAATGAGTGAATGAACA
RS CCAACAGTATTGTAGTCATTTAA
R6 ATCCAGCATTTTTTAGAGTC

R7 GATTTACTGAGGCTTTATTGGGC
R8 GCAGTCAACCTACAATGACAAA
Primer 1 TCAGGAGCTCCTCAGGGAACAAGTG

Primer 2 ACTTGTACAGCTCGTCCATGCCGA
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