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KO ZHAIA F 24 A7 X0 THE
=2 FAARC| &&l 20| Hin

QAo A\ sojet FA44EG Y, BK2L 99 A,
FANINAZA AYATAE, FHTHIATE

o]FH, A, 78S, B3, AR

I.M E

AHY ol SAL ey W3l PHFAd
(enamel knot)d] FHA} 24, 429 #d <
%4, 223 FARE 7Y FEEE T B3ty
geratA d3E s ok =g oed o}
WAgel glola Aot 2+ 2Z7te] AERE
o] 283 98L FIdtin A Y
FAAZY] AL 7 A #d 4
- DA Aol givh 2YE= FAA e W
Y ¢S BHelE AL FAALY B4 o
716g FE3te vE f83 A9 ihde] 2
F AT A2 AAHE Yolrt A3t wE
TRz Wkl e Zh A7 XopEay
o EFFAAT S v|XEAd I NE
Z AHEE F 0 Aol

ohd A Aol vtz &eA gle 73
Ao} S 3001 Aol Geta ghom® Kol
H}4 Z A4Y (incisor), X7+ (diastema), o1&
Y (molar)®] LA 244 thE {HAI}F Fas)
A etk AMde] & A Utk A dE A
ol®-E A 9uj %k Al Nogging A3 3 & dyr}t
o]gUe FHE ddE Ade] HiHo] gl
019 o) Qo= Fg8, Bmpd, Lhx6, Pax9,

* AR,
Y2 AT E M3 AR EHHAIY(NT070189)2] AI/S LS,

Barxl, Msxl, Msx2, Shh, Ptc, Gli3, Lefl,
Activin-ba 59 %< fFAAEC] Y, A1,
gz gy A F 7449 237 A7) A
HHEEHA g S-S 2HTE Aol &
A4 gk o0

Bmpd, Msxl, Msx2%5- Y dAHH F
F83 988 dn A o™ Barxl,
Fgf85& olgyel #Alol slo, Shh Prc,
L6552 g8} o] FY ol FAlo Fd =Y X
ole] FE ¥ A (pattern formation)oll F & 7]
e Aoz daA Yok ojHY Fad A
op#re] 7z} Al7]o] ME fFHALY] EAYL of
2 A Holm FA3HE dvo|E 7} AlFH FHol
ATt.

T Eo] e AT A Real-time quanti-
tative PCR (RT-gPCR) 7|1 & &3t 5% &
AzLe] & ool He} A T g 22T
A7 2 238t TAF HolHE A|F3st
T Y P azjetd B A el
AFE Aot HF F T8¢ 9&S I
3 2EA Y 127K 9] AR @E e
9tk 32 vlotAlz] 105 (RA7)),
135 (#FA)71), 145 (BAA]7]), 165 (FAI7)E
Vra g Y, X3 ol gy B R U
o] real-time PCR& %3l #2133t ol
g FX35 d dHelEE 47 vu EAFe=R
M o} HAY F 7k A7E YA FHAEL
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o @] Wl Folo FH BAZ HAst
1A 3ksieh

I. M2 & 2
1. &St

A ICR mouser &2 (22C)o] FAHL
AU EE} 56%S) BRG] AFEY (24 5
AIRH oF BAI7ZEA|)Etel|l A 23 S Hig
ARFZE HA20] 7Festx g st vlote Al
718 w30 A4le ICR mouseo| A A3 3%
t}, ujo}7] 0 (embryonic day 0; E0)& vaginal
plug7t &R157] AR d2 A5tz E105
135, 145, 165 A]7]¢] wjo}& HAF Lo A}

Table 1. Primer sequence (F: forward, R: reverse)

Primer Sequence

GAPDH F:5' -CTGGAGAAACCTGCCAAGTATG-3'
R: 5" ~ACCAGGAAATGAGCTTGACAAA-3'

Fgf¥ F: 5" —~CATCCGGACCTACCAGCTCTACA-3'

R: 5" ~AGTATCGGTCTCCACAATGAGCTTC-3'
Bmp4 F: ~-TGATACCTGAGACCGGGAAG-3'

R ~AGCCGGTAAAGATCCCTCAT-3'

F -GCCCGATGTACTGAAGCATGA-3'

R -CCAAGCTCTGCGTCTGACTGA-3'

F ~CCGGGTTGGTGTACTGCTCA-8'

R ~CCAGTTGGGCTAATTCCACGA-3'
' ~CGGAGTCGCACCGTATTCAC-3'
' ~ACGTCTTCACCTGTAACTGGCTCA-3'
' ~TCCTGGGAAAGTCTCTTCAACC-8'
' ~GGCAGGACTTGCACAGAGAAAT-3'
~GCAGAGCCAATAACTGTGAGAGG-3'
' —AGGATGGATGTTTGTGGAAAGC-3'
' —ATGTTTTCTGGTGATCCTTG-3'
~TACGTTGGGAATAAACTGCT-3'
' ~CATGCCAGAGACCAGGCTGA-3'
" —~GTCTCGTAGGCCGTTGAGGTAGAA-3'
' ~TGGACTTGGCACCAATGGAA-'
' ~GGACCCTTGAATCCCTGTACCAC-3'
' —~TCACTGTCAGGCGACACTTC-3'
' -TGAGGCTTCACGTGCATTAG-3'
~-GAGGCTGTCAAGAAGCACAT-3'
~GTGATGATCTCCGAGGTCTG-3'

Lhx6

Pax9

aoa oo a

Barx/

Msxl

Msx2

Shh

Pteh!

Gli3

Lefl

S e R I R A B A I &, I I RS RS

Activin-Ba

o o
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0/88 £&2 &8s ok Hoksd

atach Zhzke] AEF H4 107 049 wjotg
o] &35tk

2. Real-time quantitative PCR

RNeasy” Mini Kit (Qiagen)& AH&-3te] 2} A]
P82 Eelg ok total RNAE £ 38t4
M-MuLV (New England BioLabs)E ©]4-3}
HAAL A1A cDNAE A3t} Real-time quan-
titative PCR (RT-gPCR)Z Thermal Cycler
Dice™ Real Time System (TP800, Takara)z}
SYBR Premix EX Taq™ (Takara)2 AH8-3}%
o Cycler Dice™ Real Time System analysis
software (Takara)& AH8-3te] 435 4314
t. RT-qPCRE 3+ GAPDHZ normalization
e e=4

I XIOHE AI2I
(Dental lamina stage; E10.5; Fig. 1)

E105%] Aotk Al7le| A& X o] FHejrt &
3] Ho|x| go} o} B & o, X7+, o] FY
7F gE R0 35Edl 7—} Azt 2
FS M o] Al7leA FgBe X3t
7 o FY RS vlE] hF-geA oFetA &
d¥= AS Uk v Bmpde 1 %
d o] dellA 71 ZeiA agla olayF
AollX 7pg ket SAEHAUY. L6, Paxd,
Barx19] &d F hyolA 747 oA 2Hd
HAD oYM 7 et dEso] Fel
v &3 S EATE W Msxl, Msx2e
oAFY A 7HF oFetA dd = delA 7}
2 FatA daEHE A2 AT Shhel 4
T+ dyelA AsA EEHUL AFH ofF
‘4°ﬂ"ﬂ H| 53 FFo s IEHAY. Skl
receptor?] Ptcel @& FAH-e oA 74 7
&, g A 71 oA dEE 7;i§ el
AT} GLHSSF Activin-ba®= Al {9 BF H) S
g Fo 2 s P BT Lefl2 S,
A7, o3| SAR O Y o] Folme
AL gskich

r'rBLLrBL_.doH.
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Figure 1. Relative gene expression levels of comparing GAPDH with Fgf8, Bmp4, Lhx6. Pax9, Barx1, Msx1. Msx2,

Shh, Pte, Gli3, Lefl, Activin-ba at E10.5 (I: inclsor,
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Flgure 2. Relative gene expression levels of comparing GAPDH with Fgf8, Bmp4, Lhx6, Pax9, Barx1, Msx1, Msx2,

Shh, Pte, GIi3, Lefl. Activin-ba at E13.5 (I: incisor

IV. %A[7] (Bud stage: E13.5: Fig. 2)

E135%1 AA17190 A FefS, Lhnb, Paxd, Msxl
o HH go] MR FE He A& FA o

D: diastema, M: molar).

D MII
Msxl

DM
Msx2

DMI
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D MI
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1 D M
Activin-pa

D M
Lefl

I D M |

Gli3

. D: diastema, M: molar).

Ak o1 FAAE AFUAA 7MY #A B
gger ARIAN Mg @A e
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Figure 3. Relative gene expression levels of comparing GAPDH with Fgrf8, Bmp4, Lhx6, Pax9, Barx1, Msx1, Msx2,
Shh. Ptc. GIi3. Lefl, Activin-ba at E14.5 (|. incisor, D: diastema, M. molar)

UM 71 A4 EdE AT Msx2s g
Al THE 4o vlE) et EdEE AS g9l
3ttt

Shie b 8 X 2EFol| A vl A ZetA &
d Hyom ofFYelA HwA atA LH
Ak, Pred] E@L b} o g elA] 73
HH o ATl AM = w5 A LHE
ATt Gli39} Activin-bar oIgUANM 7M1 =
A A=A Lefl& o] Al7]d|A A] 19 2%
vl 23 9y oS B

V. BAIA7| (Cap stage; E14.5; Fig. 3)

HARA|Z] oA Fgge] I8 2 ol FYolA
dY et Xzh5ol HE] g Aoz Yl
Bmpde Msx29 85381 dhuellA] A Yl
Gl ojgy st X7t o7 AHA FeiA Ed
e o2 IRIHATE Lt Barxl9 E3
Y, A=, AFUR 255 2 %E ol
AL B& 4= Ak Pax93t Msxio] ¥
¥ BoH oFYdA 743 A,
, AFo 2 ZApE ks HEFH .
Shhe] HAFE S dA 71 ZdsiA EE s

2 o

B M» &
Lo
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AR 7Y, g &ME BYor Pice &
YA X t53 o g o w3 kA L=
RS AT 5 A Gl3Y FE e A F
9] REoA H%E o W Hdoen Leff
% Activin-ba's e} oYM AT
H& Za dd=EE AL AU F .

VL. EAIJ| (Bell stage: E16.5; Fig. 4)

FAZIA Fgf8®}t Bmpds el 78tA &
dH = Aoz FAHAY. Linoe Al 79 ZF
oA &S 2ol 2 Wolx ggron] Paxge] A
T AT o FY A ol HlF kit w2
4y S Bt Barxl] 2GS Al 99
A FHE Zol & Hol gy ogHz 2
TE 3 9E %] B2 A& AU Msxl
B Msx22] 785 S A 78 &L gel, A2t
FoA 71 HL Joz ddEE AL gl
T AU

Shhe et oAgU A X259 Hl&] 1
Y Fol 2 A2 AU Piee S
A 718 g7 gy 7 9A EEEN
W Gli3e) 735 SdelM 71 AstA A=l
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Flgure 4. Relative gene expression levels of comparing GAPDH with Fgf8 Bmp4, Lhx6, Pax9, Barx1, Msx1, Msx2,
Shh, Pte, GIi3, Lef1, Activin-ba at £16.5 (I: incisor, D: diastema, M: molar),

A 7P oFstAl HAEHUT Lefle] HdA 4
oYM E=A Yeisten Yy, X359
o2 g <ol BA YERt Activin-bae
Yot olgy A B3 FFo2 ZEH, A
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P K fy
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ot o #AAdt= FAANE F 3000 A=
o Acz BuEe] gut” 49 AopiA o
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(E145), 18]a FA7] (E165)90A &9 Al 22
TEA XL A 5ADE KoY S FEdle
AAQ d&E shn, 2E AtoldlA B3 FAA
of FATAE HH & Wae Kol g
gy, 28lx 7] 5 AH e 849 Ao
deid Yoh'? oW dAFeNE E105%H
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g3 A 7h52 oty TR 25 £l
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27 12709 FAR FgfS, Bmpd, Lhx6, Pax9,
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Activin-ba®) Hd FS AT
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E1059A E145417174A] o5y F-&EoA 4y
o} 2| 7FS Rl v]ste] B o] =T 3
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- ABSTRACT -

Comparison of Time Curse Gene Expression Levels
in Developing Tooth Germ

Jong-Min Lee, Hee-Sun Chung, Sung-Won Cho, Han-Sung Jung

Department of Oral Biology, Oral Science Research Center, College of Dentistry,
Brain Korea 21 Project, Yonsei University, Korea

The meaningful genes related to tooth development are known as 300. The observation of timeQcourse patterns of them is
possible to predict the gene interactions. In this study, we focused on 12 meaningful genes in developing tooth germ such as Fgf8,
Bmp4, Lhx6, Pax9, Barxl, MsxI, Msx2, Shh, Ptc, Gli3, Lefl, Activin-ba. Theses genes are related to the epithelial-mesenchymal
interaction, We performed real-time quantitative PCR for confirm the gene expression level of each gene from embryonic day 10.5

to 165. The application of the expression level and approaching method has demonstrated the useful of the guidelines for research
of gene interaction during tooth development.

Key wirds: Real-time quantitative PCR, Tooth development, Fgf8, Bmp4, Lhx6, Pax9. Barxi, Msx1, Msx2, Shh,
Pte, Gli3. Lef1, Activin-ba.
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