FHRERATPEELRE CLET TS 2R

#r4R R da A& B Irxl] vep 2 g dmve & 0 i i g
g OFf %)

Eal T I B

% % % NSC 100-2320-B-040-011-

#oF B ORF 1002087 01 px101#07" 31FP
W HE P LFEAFIEFEEEEE (5)

PR A A EAH
LA BER
PESE AR AL A - EME AR R

X &4 Hixpm
N Gt 1
N Gt 1
N Gt 1
N Gt 1
N Gt 1

PARR
S RE®

NN~~~ o~

iy Jys,s P R s s
-
B
{i

A B4 -Jlizpim ) )
CIEIE 5 0 R IS GNE - RES - I s
Bl yd-JEeE A 2R

SR F R ATERE RS A EMARE 2T 2R A

o= A R 101 & 107 300



LR 3

Irxll 5 - RG> 2y far ¢h%74% homeobox AT A
TALE #2%*® H homeodomain £ IR0 # 5 A4p 0 o P m & Fv/] B
g Irxll 2B A% S - B % -~ myoblast 2 ¥ me ¥
fmrgl s grE ¢ ek 82 Sox9 s scleraxis A4p i o P
B RIFE Irxl] em?ad v b aartsd] o L e Fa
g enlrxll ) TFRT ARFAA T E 3B L FFEMR
5o0m s e PR 24 3 o [rx]ll knockdown {é » %275
EEFR s e 2 THIG R MR E A o B BT g g
F#T 3 M- #H A48 R Irxll knockdown ¥ 3% svp
{rmyotendious junction BH#-£ % > ¥ #= 5 & %P myoD
mRNA ehZ s b o &R [rx]] 300 g ® deie ¥ J5d T
3 myoD & BFrdlimre & b o ¥ b [rxl] AR E AT E
% £ A myoD promoter & 7|t ® ® #EH¥r4] myoD promoter
dE o [rxll A 7+ 255 Mef2c 4 Soxb thig & =% » 34 i
Bi- 45 Ny IrxIl engd] o AP drdlsad 4 p 212
Irx1l & Mef2ca> #RTHEHFFTE 224 > & 2 F
2R hmarker BLE T BF > b4t Sox9b ~ Snail2 ~ DIx2 -
Sox9a » # Morphants 3] i+ 254 4p i o gt ¢h 2 A *
Irx11 cRNA & ;2 = % Mef2ca Knockdown i = 2_ % & % &
fs o w# 2w G Mef2ca Knockdown i = ervep B F o 27 Fx
wMef2ca 7 & #3477 [rxll » 22 # [rxll A 7 %55 5| -
1342/4951 = # et 4t Firefly Luciferase 4F AT
o0 ¥ Mef2ca MO % i s 3 s B 4 %2754 #7 Luciferase &
o HRFRBH I Nef2ca R £ E o 8-
Yeast one hybrid = 2 » SN iPEEF Mef2ca 22 [rxll
promoter 22 & F E &% & o Flpt o [rxll # 14k Mef2ca & 4%
Aprd g TR hE T o 7 b 1% RT-PCR 4= Whole-
mount in situ hybridization > # @ %3] Soxb &zt 5 4
sie55 T Y e 18hpf ~ 48hpf & Irxll AR & Rebig § £
g o #-p 2 47 80xb & 17 knockdown 8 0 € iE S mLE 4 AR
TEpgch ¥ T £ > 4 Alcian Blue % ¢ ¥ 43 3R Soxb
morphant 2 T 8 gt ¥ B ¥ & Irxll morphant A] e #g oz 5
e T ALY B PrF] Soxb AR Irxll 23 2 E
787 & B 1 Irxll promoter & 7|3 luciferase reporter
foSoxb MO - /L&t sa 5 4 %275 0 4 IR & Soxb knockdown
T > Irxll promoter &3 b eI % o B St pCS2+-
Sox5 & H overexpression > R| Irxll promoter ivE{: ¢ =
% o & * ATDCH im*e ﬁ'\%gd Fralp 44 Irxll &£ %) > A PR
3 Irx11 $>2 ATDCS e 3 4 % A (V3B R4 4 hB 8 > #Ih
knockdown eim?z tk o H fmre A frl ¥ hlmiz 3 T AR
RS G A S L RG] o @ MIT assay 1% % 2% IALFE T
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Irx11/Mkx encodes a member of the TALE subfamily of
homeodomain proteins. It is expressed in multiple
mesoderm-derived tissues and has recently been shown
to regulate tendon differentiation. Irxllknockdown in
zebrafish caused deficit in neural crest cells and
deformation of craniofacial muscles/arch cartilages.
Loss of Irxll function also results in deformed
somites with disordered muscle fibers and muscle-
tendon junctions. Differentiation of C2C12 myoblasts
overexpressing Irxl1/Mkx was inhibited, accompanying
with decreased myoD and myosin heavy chain (MHC)
expression. By luciferase reporter assays we found
Irx11 represses myoD promoter activity. The cis-
elements required for Irxll binding were elucidated
by EMSA, yeast one hybrid and Chromatin-IP. Thus,
Irxl1l may inhibit muscle differentiation by
repressing myoD through direct binding to its
promoter. Next, we test whether Mef2c and Soxb can
regulate Irxll and participate in pharyngeal
muscle/cartilage development. The expression patterns
of MefZ2ca and Sox 5 are somewhat overlapping that of
Irx1l temporally and spatially. Knockdown Mef2ca or
Soxb results in arch defects that resemble Irxll
morphants. With luciferase reporter assays and yeast
one hybrid assays, we confirmed that Mef2ca directly
binds to Irxll promoter and positively regulates
Irxll expression. Whereas Soxb appeared to negatively
regulate Irxll expression. Using ATDC5 cells, a mouse
chondrogenic cell line that can be induced to
differentiate to chondrocytes, we investigated the
role of Irxll in chondrocyte proliferation and
differentiation by knocking down endogenous IrxIl.
Cells stably expressing shlrxll showed altered
morphology and poor differentiation capacity. The
proliferation was also interfered. More cell death
was found in shlrxll cells. Cell attachment ability
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and cytoskeleton assembly was decreased in these
cells, which may be involved in cell proliferation
and chondrogenic differentiation.

Irx11; myoD:; Mef2ca; Soxb: muscle
differentiation; chondrocyte differentiation; gene
expression regulation; promoter activity
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& #vp {e myotendious junction . pﬁ.ﬁﬂ ¥or @S 44 p) myoD mRNA ek i+ 2 o =
£ 4R Irxl] vk g e v ﬁﬁ— d T A myoD % IFrd|mre A v o F b o Irxll Aty et
2 8P} ¥ 2 &% £ & myoD promoter A 7| ¥ E FFr4| myoD promoter 735 {2 o Irxll
B 7|+ 773 Mef2c {r Sox5 ehig & = § » 34 i th’- H 35 A IrxIL a8 4] o 2% i e
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LR T 8> et Sox9b ~ Snail2 ~ DIX2 ~ Sox9a » # Morphants A RE» ZEF AP o pbooh
& A * Irxll cRNA & 7% v % Mef2ca Knockdown i = 2 $ic# B % Al j5 > e # uw §
Mef2ca Knockdown i3 = mﬂ’bpi ;E’. ¥ o 5 7 FEii Mef2ca ¥ E A Irxll > 2 i - Irxll
B F1 PR 71-1342/4951 2 8 e 7 B3t Firefly Luciferase 37 3 2 %1% > &2 Mef2ca MO
e AR s WA R REVAS G Lumferase B TR Mef2ca s S i E o
B- ;‘ﬁ‘ d Yeast one hybrid 97 j% » 4 7 Mef2ca £ IrxIl promoter 2. & 3 & 4£%

o Tt 5 IrxIl ¥ 14k Mef2ca E & 45 A ’Q*’E’T%V’V“Pé gvF T o ¥ ¢b > 4[* RT-PCR
fr Whole-mount in situ hybrldlzatlon s NP BT SoxS b 4 VR v FF P 0 18hpf
4A8hpf £2 Irxll A Fl& Rz ¥ 5 £ 4p o #Hp 2 H 71 Sox5 i& {7 knockdown fé » € & = mr
B A s T B g v £ ¥ > 2 Alcian Blue % ¢ ¥ 123 3R Sox5 morphant 2 T 8g dit #

B % 2 Irxll morphant & 5 5 07 5 ® 49 P03 7 A2 ¥ F Fr4] Sox5 & > Irxll mg F
A5 E w7 L & g lrxll promoter B 71 3 luciferase reporter fv Sox5 MO - e /3 &4 5]

B d 9275 > IR & Sox5 knockdown T 0 Irxll promoter siEfEF IR g o B J_Ffv?r
pCS,"-Sox5 ¢ H overexpression » B| Irxll promoter /% Mg T e g * ATDCS ‘Pz $&
Fo Frglp 2 kIl & 5] A 4R IrxIL 50 ATDCS tmte 5 2 2 4 1© G424 2 )
> % 7 knockdown ehim etk > H fme A fifold ¥ enimre § - LB o P H A MR 4 R
Fldr4) o m MTT assay .5 % i?u&ﬁ;% 2] Irxll €7 ATDCS ‘¥z g € B2 B be & 3
H A e o ¥k Ay R Ikll § B mre dpkitar 4 0 T o TR S
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ABSTRACT

IrxI1/Mkx (Iroquois homeobox-like 1/Mohawk homeobox) encodes a member of the
TALE subfamily of homeodomain proteins. It is expressed in multiple mesoderm-derived
tissues and has recently been shown to regulate tendon differentiation during mouse
embryonic development. Previously we showed that knockdown of Irxl1 in zebrafish caused
deficit in neural crest cells which consequently resulted in deformation of craniofacial
muscles and arch cartilages. Here, we further demonstrate that loss of Irxl1 function results in
deformed somites with disordered muscle fibers and muscle-tendon junctions. Since myoD
expression is increased in somites of IrxI1 morphants, we test a negative regulatory role of
Irx11 upon myoD expression. When stable C2C12 myoblasts overexpressing IrxI1/Mkx were
induced to differentiation, myotube formation was inhibited and protein levels of myoD and
myosin heavy chain (MHC) were decreased accordingly. By luciferase reporter assays we
found Irxl1 represses myoD promoter activity and the cis-elements required for Irxl1 binding
were elucidated by electrophoretic mobility shift assays (EMSA), yeast one hybrid assays and
Chromatin-IP. These data indicate that Irxl1 can repress myoD expression through direct
binding to its promoter and may thus inhibit muscle differentiation. On the other hand, we test
whether Mef2c and Sox5, whose binding sites are located in the promoter of irx11, can
regulate Irxl1 and participate in pharyngeal muscle/cartilage development. The expression
patterns of Mef2ca and Sox 5 are somewhat overlapping that of IrxI1 temporally and spatially.
Knockdown Mef2ca or Sox5 results in arch defects that are resemble of Irxl1 morphants.
However, the muscle defects can be rescued by Mef2ca cRNA but not the cartilage defects.
We cloned different length of promoter sequences of Irxl1, with or without point mutations in
the putative binding sites, in front of luciferase reporter, microinjected with Mef2ca MO or
Sox 5 MO into zebrafish embryos and assayed for luciferase activity. Together with yeast one
hybrid assay, we confirmed that Mef2ca directly binds to Irxl1 promoter and positively
regulates Irxl1 expression. Whereas by RT-PCR and reporter analysis, Sox5 appeared to
negatively regulate Irxl1 expression. Using ATDCS cells, a mouse chondrogenic cell line that
can be induced to differentiate to chondrocytes, we investigated the role of Irxl1 in
chondrocyte proliferation and differentiation by knocking down endogenous Irxl1 using
siRNA approach. We found cells stably express shlrxl1 showed altered morphology and
inhibited differentiation capacity. The proliferation was also interfered by MTT assay. More
cell death was observed in Irx11 stable knockdown cells. Cell attachment ability and
cytoskeleton assembly was decreased in these cells, which may be involved in cell

proliferation and chondrogenic differentiation.

KEYWORDS: Irxl1; myoD; Mef2ca; Sox5; muscle differentiation; chondrocyte

differentiation; gene expression regulation; promoter activity
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Irxl1l % — #7% s homeobox gene » B L3 &3t L AR « An P % F 1% w5 4
KEEZTIPKIL a5 endddy o J1* 2 h i o™ 58 FIR +%J"B§ﬁﬂ & 2
B arFFEfL 5 o Irxll knock down {8 » ¥ 108 I PATT %ﬁﬁi K ﬁi\«ﬁg;ﬁ'd’r:—\ » 4 DIx2 »
Wntl » Krox20  Nkx2.3 » MyoD - Sox9a % L Flend a7 izt AL 5|7 it B B e eh
= 3] Irxll 934 #2(Chuang et al., 2010) o @3 ¥ @27 A G0 moe € B8 T FrEms
AEW e J R YR e BT RER > U § A2 N TR chig R e F
§2 o 1 * Snail2 (Snaillb)f= Sox9b § T % H 4 G ke » A PR RIS ) Irxll
morphants #2 *5 4 S mie AR frfb B B OF 0 EA RFFRMLS G 4L T
(Chuang et al., 2010) - & F % 3 L% g% > AP4RPIsaE & Irxll € 52276383 i 2
TRpep Bk gy o
Ao 2 G Ikl AFnEAREH G A4 FIRt AP EE- AT fEIxIL T
PRI A o IrxIl ¥ A 5 - AR A FIREEF] S 0 ] B0 ¢ 8 IR Ixl] IR i e
Frd)eng 4 (Anderson etal.,2009) > @ d A5 4 2R R ZRIFHT 0 NP4 F IR
IrxIl & myoD 5 & & 4B > Flut 30 i B IR B X F ARk 4 £F Ixll ¥ E B s
#A ¥ MyoD > 12 2 Irxll =% myoD promoter } chi& & B 7] 5 @ o
,{4\?}?:'“ oMef2c & - & FFRs 2 THEFF T 3 MDA TF o ) B2 B b
Mef2c(Mef2ca) 3% ¢ 2a! gteni=® & R > 2 3 3 i e 254 F](Miller., 2007) © 525 g,
Mef2ca knockdown {8 o FFEd s g F B ¥ A58 A PR 1] 90 Irkll morphant % A &
AR e b AU A 4 F e 2 g IR Irxll promoter 0% 3§ 2 B Mef2e chig & -
oo %ﬁ“v} DS R g R > BFIR Mef2ca ¥ B D] Ikl chf & o iR
#] Mef2ca ¥ s¢ A_IrxIl eo— B F 253 2 F1+ > Flt VP * yeast one hybrid ~
Dual-luciferase reporter assay ~ PCR £2 > 2 %8 o =322 ;2 3 8- # 7 2 Irxll ¢
IS o ¥ JU* P e dr Mef2ca AT SRR ek T o - K FFEI Inxl %—L@
- FEAe %ﬁd”ﬁ”“#*ri -3/ l=zy SOl
FRaavgd 7 RS Bdeen s "gEF T OEd AR BN o B R R e A g
Fd BFEwmeRBEZ o ibm s FE e XT3 557 R F13 52 (54 Sox5 > Sox6 ~
Sox9 ) ° Irx11 promoter 4~ $7# JRH + 5 4 1 Sox5 2 2 B Sox9 e & =¥ ° Sox5/6/9 £_
o3t - B Sox & F]F FEhA | o o FEAFIHF BESRE T BB blir ity
AT AE ARPFETE T e %‘«rmv\ IL“’K’ﬁ 0 A ?}EL:}H Sox5 v Sox6 f it ¥
TIPFER AT 5 Fie o] HEPA0 Sox5 ~ Sox6 & F1 5 “f s Hoaprsengi ¥ BT €7
#4473 "A_%B—*»ﬁﬂfj* 7= o Sox9 = f Sox5 fv Sox6 1} #F » Sox9 it iy & P
B wmre B S 0 B B Frdlac F e A 1 0w & g F e ol 4] SoxS fr Sox6 B
AP E e gk 1435 g dm e (Tkeda , 2005) © A Sox5 7 “ﬁ% 2O AP E 3 -0 N =
RS AV IRLEE A P%‘”ﬁ;%"# FRA DL R o B A S H RS G Sox5 AR > 1
Sox5 e Rix§ 1Mz # 1—;”5 BARPSE T A ES PO TR Pt AP R IR
B g 9rPs? > SoxS z[—\?» ERETIHHF PFET > 1 E Sox5 A FE ¢y Irxll A F
AR PETHERF E T o
ATDCS & - #& -] \m@% BRI By T At h 2 a4 0 H AL iE
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Fo Pl Pl g 4RI A i P Colll ~CollX AT g 2> 2 {63~ ¢ & 4%
FPERR S 2 B4 %+ dhcartilage nodules T ¥+ £ £ 3.Col X2 Runx2k F)(F p=Col Il
ZMETE) BSE %%‘ d mineralizationf 4% 4 ¥ B~ % (Challa et al. 2010) - 2% 7 {2 &
% % Irxllknock downp¥ » B F ¢ 830 F chg v > Flpt i ¥ gt mre ko ;ﬁ“g Fr ] p
4 BIrXILA F] 0 R IKILE Y ATDCS & 8 chimee 3 4 2 o f 4 A2 4 4 @ 50 o

Z S BREctm
1. #8533 Irxll %88 avvp e 5 ik &

A Irxll TR 5 4 48 myoD mRNA 02 IR

12 whole-mount in situ hybridization (WISH)% RT-PCR 4 47 » 2 3R Irxl1
konockdown 792 7 §%#% somite =¥ HmyoD % & F # > @ overexpress Irxll B § i@
myoD % L& T ¥ (Figl) -
B. Irxl1 knockdown # 33 {r myotendious junction % 2 £

f A s T LR e e end) f o Irxl] morphant § i T EE RS o 1Y
phalloidin Z actin fiber » mylz2 v F59 % -3 fefi s~ pY397FAK Z myotendious
junction » ¥%¥ 125 | morphant § £ ¥ i) (Fig2) °
C.Irxll ¥ {gv} T2 myoD # ILFFF| IR AR e A L

AP A s hfet g Irxll/Mkx 3] C2C12 vk a2 bz > 3% 58 f8 € lmPe 1R (S
FBH S LR e o L H 7 X ik e AR 25 P B hmyotube 75 &
%4 1% Myosin heavy chain 4 i dpthehdv 2 R E @R wie P RF > o 1 ¥ fw?% myoD
st HE 3P 2 BT E oA Ixll s b5 - X AREERE F3XT
o 4 mre hmyoD At % 3 X P A A (Figl) e
D. Irxl1 # #r4] myoD promoter /5 14

#-7 ¢ & & e9myoD promoter £ 78 3| pGL3-basic » = pCS2+IrxIl £ Fe i1 &+ 1 oo
& 4975 & 47 luciferase % 140 4 I Irxll # $#74] myoD promoter %44 > ® | promoter
£ B -144/-39 (Fig 4) -
E. Irx11 7%t 2 §4p "]'5'3? E 4% & & myoD promoter 5 71

VIEER FH je & 2 EMSA § % A P aEes Ixll ¥ 02 % & & myoD promoter A 7|
b oo B 230-101/-78 o 1 * Chromatin IP §F 2 » 2P %7 7 M A 7| lwie p dyg
¢ 4 Irxll % £ (data not shown) °

2. 473 IxIl fedie 3 7 e iy
A. Mef2a 27 Irxll 53 2 B 1%
£ 9 g 4p 1 Mef2ca & InxI1 4% § B2 50 FFem 5 g Y 0 @ A ik {7 Mef2ca
Fo Il enfEd Rizfe 2 FRBEEFISA AFLREE 5 £4R % Fig) - f1* MO
knockdown Mef2ca & - *FFiin 5 g # £ % #7527 Irxl1 morphant % %] 4&  4p 62 (Fig
6) o o A g mie paE Jfﬁ%‘ Hd 4 2 PR IR AE Rk d > A i}“}%‘c} A ag
4n?& marker Sox9b~Snail2b 12 2 DIx2 = 8¢ # ¥ 7 marker Sox9a *k i& = WISH § %>
3 A 15 n % e p ¢ 18hpf ~ 24hpf ~ 48hpf 484 ;i > ek 7(Sox9b ~ Snail2b) (Fig
7) > @ EFER G B - 3 % S $ehime icp 4§ 7 ' hiFA5(DIX2) (Fig8) - ¥
4



bo 4 T BrgeF marker Sox9a BL% > 4 % Irxll {v Mef2ca sr92 72 H % - ¥ 2 % -
TR e e e i € 7 # ° e97) ik (data not shown) o 2 F & % &g Mef2ca e Irxll
LA S e A1) é»vrlv@’?,"ua E T E ST P HB A L ARSI AP ¥ O é)]%
ip  Mef2ca ¢ ;ﬁd #r# DIx3 &2 BiE DIx4 £ 2 258 Hand2> £ R A & 4w & £ 8 7
3 L% i Mef2ca {r IrxI1 morphant > DIX3 £ € #2 % @ DIx4 7 4k $r+]HIR % (data
not shown) » & < }]}‘chtﬁ 4 ( Craig T. Miller, 2007)5 # & » F]p* :}i/?'l Irxll # & %2 4e
Mef2ca 4p e 24 T {7 eip 5 3 A IEFFER s 0 cng 5 o
i #-rxlla cRNA 2 Mef2ca-MO £ e /2 54 352 B 4 92757 > 4| * Alcian blue %
¢ L2 120hpf morphantdic ¥ e+ 5 -3 » % Irxll cRNA & ;2 = 42 Mef2ca knockdown
arig A TEECE B ¥ o A wIrxllEEMef2cath o b B v 4 EE EH Ao e £ Slrxlla
cRNA 1Y 2 Mef2ca-MOF| ¥t & % e 78 # 7] 4. ( TeMLC:EGFP™) » % 7800 pg/per
embryo Irxlla cRNAg i¢ 72hpf Mef2ca morphantig = 3 ©p 4% % 035+ 4R (Fig 9) °
» F11 % MyoG i® % marker » 2% i* gL % 7| £ 48hpf Mef2ca morphant 2 MyoG # 3. & » ﬂ
% Irxlla cRNAi 4 » @ 5 w4 (8% > on Mef2cateiep 2 5 F ¥ s ZIrxlls 2 &3
B % o
™2 RT-PCR % 7 & 7+ » Irxl1 knockdown =327~ H Mef2ca £ 5 & 7 :x % > & & if
k - Mef2ca knockdown %2 #5 2 Irxll £ & 7 % IR % (Fig 10) - | * WISH » #
g IR e R (Fig 10) o Flpt i 245 B g IrxlL A F] 25 1kb B 7] #IRG 2
BEPa s &+ 28 %E 2P 53 2B Mef2cenig & % » 4 %] i237-1120/-1110
B2.450/4440 > %3 M EEF S S LA EEAPEAD 2 FE R P ERSOIXILpr 0 A B3
¥ 7z 3 firefly Luciferae 7 pGL3-basic ¥2 pGL3-pr. 5 % (data not shown) » i * Dual-
luciferase reporter assay * #5 3+ Mef2ca 4_% ¥ %%' d Irxll pr._}t < putative Mef2c¢ binding
site 74 377 IrxI1 2 Flendid do 2 % % I Irxll pr. -1342/+249 & 440 -1342/+951 & &1 7 &>
A7 3 ] Z_IrxI1 pr.+249/+951 2_ FF ¥ w¢ 3 #r4] IrxIl pr. & (& endrd]+ % & i=(data not
shown) o % 7 #£ 31 Irxll &2 Mef2ca 3 #2RB % > 3\ 7 - Mef2ca-MO ‘fr Irxll pr.— A= & pig
A ETRERN BRI AKIL 2 Mef2ca 2. P enff R B L ARG o %Ir'-‘%ig
70 R e XL proAS2 4 T A B BT § A | i edB g (Fig 1) » F1 sl
Irxl1l 22 Mef2ca 2. FF E R E AR BB 7 a0 T FIPL A PRI 3 F“—‘&«f\% L
B) (= 45 B] 1 Mef2ca 4 & = C450A G448T A446C 11 2 % & 5 & & i+ 1 T452G
A451C(data not shown) » 2_ {& #-pt 3 f& B RBEE AL &4 T 92 55 s8R 5 Irxll pr.
Mef2ca 3 & &% & =% > B w0 % % 4278 Mef2ca knockdown ¢ #r+] Irxl1 pr. -517/-389
IR o
#7027 2 4] * Yeast one hybrid:& — # 3% 3t Mef2cafelrxIl pr. -517/-389-8_F + 11
B L o F AKRH G 4+ Mef2ca pYoh-1/pRS31342 Irxl1 promoter-pYoh366 5 &8 + 4
wtransform | fif# FyW303a strainfrW303a strain » 3% ¥ | * 4% £ -Ura/-Trp /-His = &
Ve FeeniE & BT HE 0 S5 F IR Irxll promoter® Mef2caz. F ¥ 11 &4 & (Fig
12) -

B. Sox5 7 Irxl1 738 2l 1%



BAESH s G 92751824~ 48hpf)f1* WISH & i ] Irxl1 £ Sox5 4 3R >
t 18hpf er92 7o ¥ r L F1 H & F % 3R { notochord » 24hpf B 1 & % R & et > @

48hpf PP Eg e fh @ 4T %?”mﬁ'%\ v pEZ IrxIl 2 Sox5 B S Bl g e E T G
PRAEZFELM % o ¥ b & RT-PCR» 7 05 3l 5 B irind g;rvﬁ % .(Fig
13) o

i - Sox5 MO & it 4P| g 4 %75 » & Bl RT-PCR T_& 4 47 »
Whole-mount in situ hybridization ~ Alcian Blue % ¢ B2 H T g 3 7 3 o Al bt
# Sox5 MO(0.25pmol+1.5X p53 MO) &2 %275 e 48 - pF » B Irxll end g &+ 2 e
(Fig 14) - 41 * Alcian Blue -4‘ g E‘J"i 120hpf "7 2 T B g 5 0 B I AT 6iE
SoxSMO sfvia s> THHE F T 3 B A HEA > VR REFEA A A% - ¥
ik T LR 38 STD w ﬁiy @ Eind § (mild)» { 3 g g7 nER I A &
40 & (sever) > SoxS5 morphant H T g #c ¥ # 7 &7 Irxll morphant - %3 £ % 3] i (Fig
15) -

2_ 18 2 1€ 7 Irxll promoter -1342/4249 5 7] » 3 » pGL3 basic » ¢ ¥ £ 78 50
5 & SoxS5, Sox6, Sox9 cDNA I pCS2+ > #-7 ' & 5 Sox ¥¥ promoter B 71| — o /L &
Floa B g harn o 5iE 48 ) PEBC D ER IR E B Ak R kA 47 o 3 IR & Sox5 knockdown
T » Irxll promoter i+ ¢ + # > @ overexpression Sox5 # Irxllpromoter & |+ &_f" &
L] o ¥ b5 Sox5 r Sox6 I PF A TR € Ar g drdlsidk > dodk L 4e b osox9 R E @ €
& Irx11 promoter 7775 #4(Fig 16)  F]p¢t > Sox5 ¥ Irxll 7 st i@ Frflendk & > @ Sox

trio genes ¢ + F 3# & Irxll promoter °
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ATDCS /) Bengn ¥ wdimrz » B3 A L St fofd § chie 4 o v AR iLeni®
% monolayer culture system X &7 7 fii ¥ ens it > FUvRBA L LPE S U aF R R o
e e fi 0 4 A ITS® MGEATDCS B 4538 (7 4 14 0 BB 4pdmbe ¢ L g & e sk A i
t\i%‘rm,k‘{ﬁ fe— A2 5 2R {53 2 nodules © izt noduleskE ¥ 4~ 14 PFRE M £ #ic g fo < ] 4
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