EEEEE

A H.e}ul4] (zebrafish; Danio rerio)= human genome
project ©]%-9] thEF9] {42} 715 £4 F, functional
genomicse] FQA]dl] 2)3te] Q) ]?ﬂgi A =9
g BEdEEo|th ol 53] 2o large-scale
saturation mutagenesis=. U] o] =M= A Zaf
FAA 715 A 7o 2 A (19953) 2
/33 ¥ Dr. Christiane Nusslein-Volhard7} 5% 3}
Oe AR el AZs) Holop & R 7t
ChristianeS ZA10 2 3t 0] MNEAES human
genome project®| F0|E o 43}, ]9} 7ho] tf
Fol F4A A7t 7 stEAME AZkRAA S o)
ST NEL FERLS W37 st Be 14
S Stk AR FAA FA o] A7k u) ¢ AL
Stthe A2 olv] §14) AellA 2 B3R I
Y ] §d3HE] AFE YA E ALKl
2, A IA 7 B, AEF7E B 2E
R8T Stk FFHor JEE TR 5=
ZF A77E Hol 2 $A] (Medaka) 9} P Q.
dSell A AtE o ed A% Ykl A Batul4
7t FEE FHEAJT SAE S AR Aol A

AT T Sle A T AR 3o, 20307 B
A AR, dEo] ofn] e Eo glo) 47 B
Hata, 9] A o] Bes)] microinjection®] o2}
d, B0l JUHoE =& F 59 o)FE 4¥H
o2 4 73 A B rt e RYEE
AR H A

o] g% ALRHA /5B
Fishing novel genes: functional genomics in zebrafish

Vertebrates
only

24%

Vertebrates
and other
animals

Eukaryotes and
prokaryotes

2%

Animals and
other
eukaryotes

No relatives in
other organisms

(%)

32% Nature 2001

2] Sl HAE Wide Abelghs o)
Aol MBI HE Ak, 18y f1H A
S4B ) QI v e HEERe) S
HAZMA 9] FAA AFA o] o)5hE Q7ke] B
FESL AE T8 A HF 4 copyE T E
ROE WHAT T o) Azt BHYH = W

whole-genome duplication®] €]t Zio)™, o]23t &
2 WMAde A & AFFEY A5ke} @ o
Fo)7l Ao g FEh 53] 9 I¥ 3 7Fo), 2001
'd Naturex] ] 2% human genome?] 27E
22%, 5 25,000 A-FZA F 5,000 °17Fe] f-HA}
7} AFFEAAT EA ST Aotk Iz B
&7 Hhell o &b A B2k 4 9] genome sizew 1,700
Mb= Q17+e] ¥k AL ojm 257 2] HAWA 2 o]F0]7]
U T8 FAAES AL, 7R~} genomic structure

SN A
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Fig. 1. A. The zebrafish (Zario rerio). B. Microinjection
system; stereoscope (1), pico pump (2), micromanipulator
(3). C. Rapid development of transparent zebrafish
embryos.

7} A9 2o, ol At Ml EAME 0% =S &
& AEAS HolL k. ofe) YL FERFEC
o, A3 o) F9] Al AR/t &R, A%, E9
o EH A 715AF BYES & vy
At

AreedE 94 uieke] BAlo) 7tR2E P &
EHE 7R E AL 94be] 48 I GFolEZA A
A A717F 3-4em FEO| T (Fig. 1A). YR 713
£ o5 o) &A= {Al Aol Jissi, e
23 Aro| L A% 7)ol W2lo] 7hEsith AlA
o BAIRC] FAL Y5 7HH 22 200~30071 9
¢S 2 F U, ANFHE st DA £
8t7] W&o Luk EAN A oA 4A B %
ubgul o] Zabo] shgsieh Aol v e} 27
AEELEL AT Q0™ EoHE wEA 158 HFH o
2 A3, A 6AIZHA gastrulation®] A2t
1047 mEx W, 124)7k0) AU Fef FAdo] ofn]
N AP HFig. 10). 8 F 24A17ko] Ay 41749
g S22 3ES BES 4 k. A2y
HE o] &3 FAAY 7FEAMLE FE DNAY

o, 9o

)

d&e Bt H+=H Fig 1BE microinjection]
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KIAVOISOIOA]

mozosApag

regulator 5 7] FHEZ HFI Uth

A4 e g AYstie Ak 4 5
AAE E3S T 7)HE 7N, 53]
o] Aol W& oY AP Eo] Q17 FAF
3 v FAL8E7] WiEol “canonical vertebrate” =

MY YA E Frs] Urts ok dFoE A

& 5 = ARgu Y FYTS o5k, FHAt
9] 7]1%58-2] o) 7}55-3Ht), expression cloning, antisense
oligonucleotide morpholinoE ©]-8-3F gene knock out/
down, AA7FZEEE BAE 9% chemical
genomics 5 THFEH Fofol] o] &-E 3 o, AlAA
o2e zugAy AFE AFUW  saturation
mutagenesisE 7 & B4 02 313 Itk Mutagenesis
+ A7 ENUE ©]8-38 chemical muatgenesis, retrovirus
1} transposons ©]-8-3} insertional mutagenesis 5 ©|
glo}, zhzt Ay o] 2)th Chemical mutagenesis®]
Aol FHOZ B2 sperm (FAHS EPILE 3}
o A $3& ENU A E A "ok A7 ¢
A Aol ozt £7 & wE|ERH Hd 500 F
F oot EdRlolAE 48 U Uk B8 =
AolFe] MW, FA Fo B2 A€ F7he] &
L3tk Ky v=e] Aeole v+tE 3FAEe
2 FA7EA 209 o] ] 2H o] o] FojF o,



HEol S FAHOZ ] mutagenesis7} X3
23tk el Ylo] B FAA b positional
cloning®.2 WaWA Heul H7)ddlE genetic
mapping>} physical mapping®] SIT}h A|B I+
e AAld e B3l 2Y FEEA ] F4d
w2} 71 5o A AAH R JFAR] AFFA o]
Folxon, 1 A3 500070 ©]’49] genetic marker=
o] 7fet= 9l ™, physical mappingol ¥ 23 YAC
(Yeast Artificial Chromosome), BAC (Bacterial Artificial
Chromosorme) 534 209+ 0139 EST (Expressed Sequence
Tag)7} databasel 70 o] Utk Zebrafish genome
project™ $AgEIoH HE AedAld AUtk
A MAZ Q] FFHE-E positional clonings F
stel EdolA 9] U FAAE WIS EN A=
7154 RS FHEA Yo d A3AT

wt hdi 26h

pax2.1 gbx1 10h
pax6é

forebrain

Fig. 2. Phenotype of headless mutant embryo.
Compartment of brain structures is defined at
the end of gastrulation (10h). Molecular marker
genes: paxé (forebrain), pax2 (MHB, midbrain-hindbrain
boundary), gbx? (hindbrain).

ophel B Wl ¥FH
o
A

A2 B1E 23ES FHoR AuHsR d

. Eh| HEHEHMOIM headless FTXL|] H&t

—_

T3 Ao ool QlE headless mutantt ENU
(ethyl nitrosourea) 2 §-1=% large-scale mutagenesis <}
AAA Bo) FHAE vpHRE 0|43} in si hybridization
screening 23 FZE EUWO|FEA, olF U E
Z, 17, U Fe] 2AAAT b 24" SRl
ZA Qzke] A& Fxof Ao e} (Fig. 2).

Fr et 2 7A 9] Aol gk &2 #A FAd
7+ whAE Hoke] Hujel o9 shuien, 1F
oF YUMFE THOE T o] AP ZHE HTe
BAAY S 7o o] o|2717HA] 1L &R

Zo] S wrax]7] AlZFetal Tk fFE
o] FefgAol AHHE FHARZE g A+
Al oA dAZAY ATEHES FHE
Z9 AApeh dzpe] whdo] o] oA+
2ol BB AR Tl A QD dhRpel A A
118k A ult)) Zof Dishevelledel= T2 o]
AZ 227 @A) 7] A dsta, e R
7l GSK-3, B-Catenin 5 ¥ ¥ 2] Wnt A S| w2}
Sl 9J3te] #2] S5 (dorsoventral axis)©] 274 ]
o] At} (Fig. 3). Midblastula transition (MBT, A E.2}
99 Agele 2A 3ATANE Ak HE) A
A} (zygotic transcription) 7} A12}E]©] Nieuwkoop center
o) A= (siamois, twin, dharma)S THEW, T2 A
(organizer) & FEdle] d#Ee] AT organizer
genes (goosecoid, chordin, dickkopf-I)°] L& Tt
headless EAWole] TAujA M= olF Z7|
organizer FrAAE Y] LH o]de] §lE ALE

HHAH oM, oS GARE A7 F % (neural induction)
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Nuclear 8-catenin
ROcHd OF WNE SIGTEING . Mo, Omomeatom D204}

Fig. 3. Wnt signaling pathway® headless, il
U2 ¥ mutant TIHI, fokkaebi (tkk).

ol FAE AMAHZA A A 2] patterningol] A 2] W
37} AEE AL A DATFZA headlesst forebrain
o] ¢hs] AEHJITL E F d=t, A
Hzo) 9o AA-L gastrulation Tl o]v] A &a}
™ neural plate “JE]ol|A] o]v] forebrain, midbrain,
hindbrain & 7 Y9 E& AA st FHAAEY Lol
AR AL ek YA G headless locusE
gelst7] 918l single-strand length polymorphism
(SSLP) marker&< A3} headless7} chromosome
109 ¢35} genetic marker 261833} z9701 Afo]o
ZAete A& st vh T8 marker 2141932 ©]
&3l -3 LA Wnt pathway 2] Tefflef family
2! high mobility group (HMG)-boxE E &3l HAL
Az} Tef-3¢) EAE HauiAl =AUk Headless/
Tef-35 9] WAooy A TR sl A FQ51A &

&3 = Wit A5 ZE iR e AARIAE ZHE-
33 ow, AFFE FAA Wl 449 Tef, =
Tef-100 4] Tef-47bA] A3 0™, headless =
Ho| ZEE Tef37F %o dejd o] AAAol
qahg 31 Atk AS Ao 2 W3A | Aotk
(Kim et al, 2000).

r° Jl

2. NZMZO 29
mind bomb

ZAHof| 20sl= MRHX

—

mind bomb EHO|IFE= 217
O E (bomb)2E Eold ZPYH S 7k, ©]

[e] 111" AAL

T e - |
? Korea Genome Organization

7] /\]7ﬂ,x-]]£94 Onﬂéﬂoﬂ o)A
Aok =29 A7AAE e 249 '3}04
of FAHEM ABH e A &
gastrulation3} 37 neural induction®] A| Z}QEL A
10217+ gastrulation®] =+ E1+= A3 9] neural plate
Aol 4] ojm] ANZ3AFAHE (neuronal precursor cell,
AAZEZNAE)S 37t o] FARA L Uk o}F] HH
2F9] neural plate 3ol A mCSt 22 44 vlAR
neuronal precursor®] 7] 7F5& H (Kim et al,
1997), &9 F4l=o Yoz 74 A &

AAAE S A o] & ARBATFAEE

rlo lo

Aol whel, 5ol sensory neuron, interneuron,
motoneuron®. 2 z+z} 23l 714 ot Al B2 ek 4]
WA= T SRRk A} vhEol A2 T, da
3 A 29 9’1%*% #HAY e, ol o
= TA 7L Aol wESEke] F-Fol7] AlFbstEE
oJu] 7122l neuronal network®] 4= o] A&<
st} AR E S $H A Ho st EX1A
AYE] sk A7 AT 2l B2 AME
] 82 %2, lateral inhibition®] 2= /47t

[

Notch A1 SHEE FJ k=] 2t} 53], lateral inhibition
A AZAA L FEAAY Bt ofy} g FEe
ZAANA o e Alxe] 2% =, binary
cell fate determination®] 7|2 HJ O 2 Q14 o231

Atk o371el = FHY AEHeo] FINSE A
B, A Z-A|E7H] Notch Al 3G Aof ofsle] Al
IAGY] FFo] Ao, H31A W] Zpolel] ¢
ated M OhE Y AEE FEskel 71 drh o
71e] #AE = FHALSZE Notch receptor, Delta
ligand& AZO 2 o3 7px] AR EFo] sh, &
A WA T glo, SR E& A2 Notch A 2dE
o] g3l A E Ad3sh= presenitine] =]

Al A1) @] Alzheimer’s Disease®] W54 AeE= A

ot} (Fig. 4).

mind bomb = 0)5-= B8 3 0] lateral inhibition
3} Notch A& AE ojito] Qe 2ag]e] &AM
o153 B3] WFo] 7€) 4% Notch 2157



GA 9] §AAE) mutation©] Lol
Ak kA Al B2k e] Notch Aledgo] &
= 720 fAAES B, E248AT 2
g olde A AT U Itk 2AFS

positional cloning= A= 4

RnoZ =

mapping, physical mapping®] #d= AA HETHL
2 I AR Eed gttt mind bomb
FRAZ (mib)= 217012] exonC E FAE ™, coding
region T+ E S| A . 150kb ©]4ke] £33 genomic
structure /3 8F3L Y RATh mind bomb FAAE T
2 FERYIAME Ad Ago] HA FUA A

ARZA, 917+3} vp$-222] genomic atabase S 3514

Alzhenmers Disease ( i‘ Furin

Glycosylation
Nicastrin ‘ cleavage

Noizn —*‘E:r

(MR SAY)
Intramembrane Golgl
p

cleavage

Recognition
of ligands

Nucleus

Metalloprotease
cleavage

endocytosis

Transcriptional activation

Mami1 ’

Polyubiquitination and degradation

Ty +- 63
Fig. 4. The Notch signaling pathway (Nam et &/, 2002).

60 412 785 1009_1013

ik £ { ol }
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i91 m178 m132 ti101 ta52b
STOP STOP STOP C—5 M—R
mibiherc2 domain [ z2 2inc tinger domain ~ E8 ankyrin repeat domain  [_] RING finger domain

18p11+1

Fig. 5. A. Structure of zebrafish Mind bomb (Mib)
protein. B. Mib proteins in mouse and human
genome.

SHtE s RHAAES Wad F AJTh FHEL

Z-& A B ek sol A #1371 genomic structure”} human,

moused| A= I E HEH O] Qlths AR} opvji

2 FEAA Y FEAAS ATEY 2 BRENS B

o1t AT mib FAAE] A EE 18pll+1E

HA7HA 55 T A3 o HiHA &1 9
A

O} Notch 2134 gH¢] % dﬂ%"l ol Ul rolnt, Al

H o] 7]EHQJ_ Ijr. mib
FAAY 71E £ éﬂr, ubiquitin E3 ligase®] &}u}
ZA] Notch ligandSl Delta THA3} ZHAsto
trans-endocytosis & E3 Notche] &3} o 3t=
Ao Z2 FA3A Tt (Fg. 5; Itoh, Kim er al, 2003).
A 7FA] mouse mib AR ! 8 knock out©] A
3t0om, 53] w920l A= conditional KO®] 7+
a17) W ol thFst A oA &) Mib® 7]50) &
A8 BrA L itk (BdEd 398 L),
of o] AHEa] 418 FERU ARYHAE ol
g3e) 94 F28 A
k2o A 75 #]lety, HFTHoE AT
o] A&ske #7149 x
£ 984 53] FAsltty R} Ubiquitination< 3}
Aoz s Tl de] E5) Al A" o 20t defA
$9 1}, human genome project 2 3}, 5004 7 o]
©] ubiquitin E3 ligase®] &7} 1= gloH, o]
£ FAAEY Solg 7]Fol ddte] R IHS
T3 9t} E3], Alzheimer’s Disease, Parkinson’s
Disease 53 72 EPA] 23] A1 {320l
protein ubiquitination/deubiquitination®l] 2]
Folol Aoz WAL YODE o|F FAAE
of F94e] U 1FZHI At o 22 A
& A7AA L =Rl A @@xﬁqgi o3t
AFE0] A]ﬁx{]gg] 3_7]31—}@0]] AHAOZ T
Uga e o=, WAo] Bt FHA}

o] A7t Aol drht FR23 AVEE
2 Yell 3 ek 53, 22 Augulsd

E A H o] 83 Alzheimer’s Disease®] FHE X &

Al

[t
rr

2 rl

ox Mo o do mn Lo
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Belly
|

|

ool o5t 2FEH 7} (drug validation)y= Z3tFd =
EZA9 Aegue S4EE US HFL 3
o} (Petit er al, 2003).

AAROZE FHE 79 ARG 20
FE& e R I AAAAE Walee E7t

AAHo 7 NYE T ok Al o)k AF 9
Ne Z3g] A79 20303 Ao Astel & s,
2t 2o Aol A aete] Al vzl o
S HEoL & o, FF AuAdre] A4
] ]z] —l}:LEJ»}‘:‘ ;(];d—o] Q]:].
Hol &S o &3ate] A AHeg}
StAFEE R ALY e H2
sl Bz} gt
E2MQ| NEatmly sgt
ABgH4e AR 2 et sk w82
23 AFgATe] s Uy
o= 3ty 9lon, 53] p53 KOS ¢A7EdzZ 7
25} 7 (Berghmans, PNAS 2005)3} Al A 2] 91 )| k3]
AFY Novartis7h Al B.2}o] 4 9] A AA A5 st

= T 9t W 47¢] Dr. Mark Fishman= 7|=-¢3
TAae ZUATOE IR AM FoE
5] thHe 4= At} (Nature Medicine 2002).

¥

{

3-1. 2% X2 (Heart Disease)

3-1-1. Al&ojdf (Heart Failure)

AAep = Ao £54 A st A¥E (cardiac
output)-% 7~ 15 gFolRl Ald o 2 o3 g
23 AALE W (dilated cardiomyopathy) ©] 9} RF
U2 A3 £54 F7He 2A4F FA7e] s
o]7} 911l FAdf-o] vl g el (myofibrillar disarray)
Z 013 FAYR Aadoe) 29§ H]UH /d;(]—:LOHi
Z (hypertrophic cardiomyopathy) .2 W& 5 21oH,
AR AAu) o] ek 20% Ao /A3 8]0 «1
gk Zlojtk A BT HE YA 7Rkl o] 4
so] uhgo] AlztEm danfo] M 2] EF

_.,};é}aﬂ- 4= 9lt}, l/mﬂ]— 1/\1)~l_4 /\lz}:rLzE ~}57_

lo il ox

30 Ul

O XN A4l

™ e |
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Q17bobe] 414720k FAFSL

rlr

A 3FR ]
AR AZENE doTle EAWol7F °F 40
=5 AR dElA A oZ AR FHe AES
H.0|= passive aggressive, hal, pickwick = 0] E°]
Ao, &3] pickwick mutant®] 921 FHR fitine
o1 7Fe] SR AALSHZ o] ¢ FARE U

A 21t} (Shin & Fishman, 2002. Rubinstein, 2003).

EL

N
5

Zz=
F

]

e}

O

3-1-2. #& (Arrhythmias)

< 7o vhgol A olA] kst A7)
o E35] A4 Aol A e M3 A= F
283 AT 478952 automaticity 9] FolE ¢
& A7k ol BE AAASe A AR
EAA A} (sudden cardiac death)] ¥ o] A
o} Al Bk 4 o] A 17 A wiR A 2
electrical excitation®] U S VERH 17
o] BAw 3} F-ALE EAR O] 2= pacemaker®l A1
£ BolE slow moS} reggae, A} Ao B2}
A = hiphop} breakdance 5-°] 3121, A WA
S (artrial fibrillation) Z-41 & Y¥.0|= island beat (isl)
=9 mutant7} ATt E3] is] mutante] A A EH
ARSE ZAl = 475013 Ltype calcium channel 7
Aol Aol g3t AlolH, o]& A7+ 7 A
AN E2 #EE o] At (Shin & Fishman, 2002).

3-1-3. MHMH™ A ZE S (Congenital heart disease)

ARG Ao oS Bols EAMOIET heart and
soul (PKCAE Aol 4ol A== o]ide B
olm, A o] 22 handsoff (BHLH dHAND)®} pan-
dora, A-V valve A<=2] jekyll (UDP-glucose dehydrogen-
ase) 5°| Utk Endoderm Z<ol| mHE cardia bifidas
VUM & casanovay= sox-related geneoll o}do] = A
o2 ¥3]x oIt} (Shin & Fishman, 2002).

3-2. ¥ I A (Vascular Disease)

3-2-1. &M (vasculogenesis and angiogenesis)

aAu o] AR & 9 (Y, AU 84
3= vasculogenesis9} 22 & (RIS FA

3l+= angiogenesis9] 2@AIE Vg F Jon, 57

—



KOGON l%/%‘

angiogenesist= gizoll 23k wWukel Aol (diabetic
retinopathy)\t %8| Z o] (metastasis)t 24 st
Fdol 7] WFol Ao ER vg- F88h A
Azt ZuEl A B ale) 4] WAl vasculogenesis
¢} angiogenesiss V&St7] g 2 Edo|th
gridlock £ o] (bHLH hey2)= o Ao
FAed Gl Kol SAHolZ=A QI7ke] A
s E}]E““ﬁj—}% (congenital disorder coarctation of
aorta) ¥ A& AU 715 Aol vl @ ow
of bounds =¥ ©]= intersomitic vessel®] /4 A
Zo] As)| =1, o= angiogenesis®] AAAAE 27]
Aot F2 Bdoldt & 4 Uk o] Ry I
71 Azt ME A4 A¥, = ischemia Foll=
o] &% 7 91t} (Shin & Fishman, 2002. Dooley & Zon,
2000).

3-3. AR A% (Kidney Disease)
d b Fob Q17ke] AR £AFA Q) kidney

R

type (pronephros, mesonephros, ~12] 1 metanephros)

o FA R A7 VAR A By S g
Z7] el osmotic balance® 913 BHFH<

pronephric kidneyE 7FA 3 it} H| S A Hefa]+] 9]
pronephric kidney®] A2 ¢l 27} metanephric
kidney ¢} th2t} =|2t%, BE kidney] 3714] ¥
71% & glomerulus, tubules, 2] 3. ductsE 7}A] 3L
Atk Al B etml<l oA glomerular cystl} tubular cyst
#730) % pronephric kidney) o] oS
B mutantE°] FE]E0] o™, 53] vHnf
fraxte] EdW¥olE MODYS (maturity-onset diabete
of the young, type V), GCKD (glomerulocystic kidney
disease) ¢} 22 AFAEES VERNH, o] fFHX9]
A B2t <] mutant 3 7H 2744] Fef E veRY
B2 MODY5% GCKD®] 271 Aol F&
do] =X, fleer?t elipsa mutant= 41 7¢3} ©4eke] A
o & Holn o]= 1743} == Senior-Loken syndrome

A vrehe 233 vl ARSI (Shin & Fishman,
2002. Rubinstein, 2003).

B
=

T
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3-4. €94 A2 (Neurodegenerative Disorder)
3-4-1. L=35t0|HE (Alzehimer's Disease)
Sr=slolu{Hl2 713 JukA o] EslA] ¥ A $lo)
o, Auj@zte) 238 AA St A &ojth 53] cortex
hlppocarnpus o] AAMELIF Bo]Ho g AfE]
= By JFEE 7]
010]7@0]] A A 2]
-5, peptide B-amyloidS Z 35l extracellular senile

e Holn, oA,
u

.
2 oo AAAL A,

=

s}
=
[e3]
=

A

plaque, microtubular protein tau®] hyperphosphorylation
Atk F7
2 2212 amyloid precursor protein (APP), presenilin
(PS)-1, presenilin-2, tau A 2}2] EAHol7t U=lA
AUTh A B Fo e dxsto]n el AUFH
250 EalEo] 91om, E3] frontotemporal dementia
with parkinsonism linked to chromosome 17 (FTDP-17)
3o oA et taud] EAHOIYH S A Hety
5 He BojAom AN FAHSFENA
dzsto|n] At HllA AFE = AZ FAFsH
A B4 =22l A neurofibrillary tangle©] ¥
=21t} (Rubinstein, 2003, Tomasiewicz, 2002).

= A~

0 2 913} neurofibrillary tangle 58 &%

r—'_
ES
=

iy

3-4-2. mZIEME (Parkinson's Disease)

P2 d=stolHH T2 02 Fol YHa}
= HaA H@d o, A3 ATEE 24 (resting
tremor), <5743 (rigidity), 415 (bradykinesia), Al
E-¢F4 (postural instability)S EHolw, Mzjghs A%

= F A s SA2 (substantia nigra)] &
A A7 A E (dorpaminergic neuron) W inclusion
body®] 3l Lewy Body®] #2402 He| <l =
2 HQlth o] A& 53t ' dA4o] g REEE AR
3, §HA Q9o =Z = o-Synuclein, Parkin,
UCH-L1 5°] €99 fAx= zrg-3irt A Beta] 4]

AME o J FRAREC) A6 A7A 2| 5o
A o] kg opARS _1;‘0]1:1:] =3k o7k A 1) M]tg
= °F] o}~ :@W‘j Z¢l 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPIP)& O]JG-L@} A Bztg 4 g
Ego] o]&HY lon, ANFARe] FARY
o

& ol FAASAE THX 1% FEREFES

2

AAl

ST A
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TE A7E°] A3 HT ¢ HRubinstein, 2003).

3-5. ¢ (Cancer)
HIT ABGEHE o] &3l o B9 7Z2HA

S olajabr] 913 o AEEo] o]FoA 3 glth
olfl A7E9 A2 o TATA Tk B Hol
Q

U Aleks sk ok o #H F-47} ps3
3 p53e] Hud A9 el Mdm2 FARE
anti-sense morpholinos ©]-4-8} knock-down #4] 2
2}, p539] knock-down A u) o)A oj e FHH
&= ES 5 JAA N Mdm2¢] knock-down 4z}
& ARANe ps3 willde] FUME fLdho
apoptosisE H.$°1, p533 Mdm29] double knock-
down> Mdm29] knock-downoll €]3F E3 &S ¢y
3HAl 3] BA)1Z 2, o]+ double knock-out micedl]A] £}
TYs 233 th (Langheinrich et al, 2002). 3t
anti-cancer drug2 '22] A== topoisomerase inhibitor
camptothecin= 50-500 nM9] W& FEZ $A4% 2
4~30A17F Ato] o] wAnol A 2] 5} apoptosisE
et o] Zf-Follxe] Aatets FUHH, cyclin-
dependent kinase inhibitor$! roscovitines * €& 7
T, TUAZAA p53e] A3} BAE F 5o
‘37430 2k apoptosisE Lo7Ith ©]RE A H 2}y
HAollMe oF B 5421 knock-down -2 3} anti-cancer
compound =& |88 Tt AFE Tl g #H
d AZE A 28 9 75EA By ol
small molecule=-2| A2]& 53N anti-cancer drug?] 7
dol] §-&3 B2 AMgg =

3-6. X 25 (Circadian Rhythm) ¥ %2 3=
(Drug Addiction)
Circadian clockolgt F=¢]¢] A RRE 7=
light-dark cycleoll 2] reset® 2|7} |5 $7o] YA
g AE7E AlE FAE Wl WEA Q) pacemakerel]
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AL 24, P A 58 248 ok THF
o) A= time signal S superchiasmatic necleus (SCN)9J)
A, Al 3¢ Folet B8 $ A (pineal body) = H
ol AAAAE Alofst= 222 melatoning 4§
Asted YA PEL 2E3HA Aok AAE S
#Fod sk CLOCK, BMALL, NPAS2 59| #3:21¢]
FERAASE ARAIHANNE EAfste, 53
clock §-AA= AAE 5o FZ2HAAZHN 2 BMALL
3 ABMAL2¢} ZAjste] A5 245 Ao
2 &3A Yk =3 light-dark cycle®) WH3lo] wha}
I 28 o] W3l pineal bodyoll o) o2 v
b s dist AF2 YA sS olals)

i

O

st

< 718k mbEE . ok A Bl g o] &3 o
2 55 A48 w5 223t Aleohol©1 Y cocaine
I 722 B2 54 BAEL B Frlske] LA
E ARAE F dom, ol wE 5o e 4
F3n) A stell A F4 o] 7HedtH, # <L cocaineol 4
o= RolA &= dumbfish, jumpy, goody-two-shoes
T EAMFIE R EA2.H, alcohl FH @
g PFHA I8 14 AFE] o]Fo)A L )
ot (S Fishman, 2002).

ol 2 AARIZA S AT 9o % W]
, & FTHEZ (osteoporosis) 2] AT o] L5 3
ow, A Bk M9 calcificationS WA 5UA)
FEl AlZHEch Chordin, CBFAI/RUNX2, FGFR3,
PTH receptor, BMP, THH 59} FAAE Ao g o
T7F WY=L ek AF-2 alcian blue, W= alizarin
red® sl THAHS AFSIL Ao calceinTt
%2 fluorescent calcium chromophore @ AFol3l& A
Bty A& o] 88 FE Uth 1 94 £
% (holoprosencephaly) ¥ 22 sonic you (shh),
you too (gli-2) ol 91om, T3 gl o]ite] AUe
cyclops (nodal-related gene), one-eyed pin-head (EGF-
related gene) = 22 Ut} o} €] Aol o] o]
= sucker endothelin-1 A2 213 % t}h. Bone

marrow aplasia, hematopoiesis, blood clotting % ©.

X% oX,

B cloche, weissherbst (ferroportin 1), yquem, dracula



(ferrochelatase), sauternes (6-aminolevulinate synthase)
ol dEA JoH, AP Bl ool Sle
riesling B-spectrin -7t o] QlE Ao Z Bt

A

4, MEzat|+E 0|83 FRMEESE | M=

AEerles] e W FAAAFTYEA
(Genetically Modified Organism, GMO)7} 7l 2= of
HAH 22 243 A0 slvk AAH o RE o]
dol, FANE 5 GMOEC] ME=HA. o5

o ot A 4UH S HA WAL YT 2

7k o5 o7 GMOES #7h 7} o & M 5 gl
Aol ool W ofF GMOs] thek el o)
o] AIF3] of 7)o ABeHAY Boo] THHL
Utk ol FF ALFHAIAE ol 88 AY T
Ropl = 1 #go] vl /lHiEE Ao2M GMO

M 2 kA iR e AERA o] 7y
Ea=g

FFAHER O GMOE ©|n| #3HE o]4to]
Hlom g Agstdd AFsty ok
GMO9] 73-¢-dll= 3
ol AW 5 5
o, Jol FellA A 7h&el o5 Aatbr|zk
HAIFES JAe]l HEY 9lom ¥z} 1 7)
< T o0 ' S E I Qi) AAEoR
= GMO+T 909t 78 Fhuiete} vi=to Al 2%
5 59 5740l e Ao £o1E e}
A == FDACA A F5Ql ZAl Qth o]
oA HZ FFAB TS Glofish7t T
vl FDAS $<¢1& w2 AL i€ o
(FDA 2003).

GMO Azl = o159 gd= 4
ARASE FHR NLH olF FHAE
o2 o]43}r] %t HAwE e A A
<9] N 2 g E GMOS A’ 54 &
o]l I Al & ¢ vk DHHE Y A
ARABFAAE FF I E ZZEEHY
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ZZo) Mg Ho g A7 E TERE], B A
719 2o met AR FEE 2T e =
ZXHEC] MEHY It UEHOZ beta-actin

promoter$} heat shock promoter 5-°] 7R¥rE o] gloh
T3 FAHS AEAE Y, A 2 A 4
g RUE Y A2"o] B4A0 7= A
FAAE A3 g ¢ DNA 5% &, PCR
S o]-&-3PAY 33T A(GFP, Green Fluorescence
Protein) & AHE ARS8k ol Utk

A Btz = AR A= T3] gl

ot

oL

72} promoterE ©]-&3F] F-224 GFP (DsRed
dolgle NAAMZ LHAFISL, T3 F A3
o] 29l FZA A} promoterE ©]&3le] ZE

18 3= double transgenic zebrafish2] A 2% 71535}
o, o] & o] &3 AN E} BAAE 7] F AL
of thet AF7F A £ AR A7 Agy F

&
Wi Jn g o L2

&
Q
3

+ MCH (melanin-concentrating hormone) 72
o] &3} Aom, A L o]ste] AMo] M}
StEE FAHSTESY Aol 5 §olsltt (Fig.
7). ©]& insertional mutagenesisol| A ] 7]4 91 Hly o]
o, = Aol A o] s 7k A=
mutagenesis®] 1S 7581A 3} (Fig. 8). £3]

transposon system} " 3] &} enhancer trap, gene trap 2.

Fig. 6. Interaction between neuronal cells (red) and
vessel cells in living double transgenic zebrafish.
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A

Fig. 7. Establishment of CMV-mch transgenic
animals. A. Construction of CMV-mch vector. B.
Early detection of transgene in zebrafish embryos.
C. Easy identification of transgenic animals by
body color change.

2 AZE mutantS &3 02 AFsly P-4

Targeting vector

S
m gm 7 raﬂsmlss on
s

@ (+1) (+1)

=T e X el

@ (/) Homozygote mutants

Fig. 8. A new strategy for insertional mutagenesis
in zebrafish.

A5 Be M2 7leAFAAY BEe Avs &
ol € Aoty "ARA7A, ondal, moguri, samdori,
hayan-4 5] A28 mutant7} £ 50] AAFAA
o] vt @A ZlEEA 0l Aol AP HL A
Eeg17] ZZAE),
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5. Genome—wide, functional screening of
human genes in zebrafish

Apetnel FHTE dFow 47 9
siche A, Ao w9 el thREe 23 3l A7)
7k sHEel YAEhs 2, 293 4FE
Xﬁﬂ Fol Ak vigsne AIEE B3

EEX—IE) Express10n clomngolﬂ}l‘: l‘i—ét
O] HPH-E o3 Xenopus egg e 0] 23lo] 2L &%
tg) NEAHC AFES dojgor) AB
”HWH A1 HE Xenopus®) A¢HE 54, 5%
4 vw clonee4 poolﬂ s}w AR U
X] 01—‘—/ E%
o vx&z} clone o}b} o}L}~ zﬂlﬂa},qﬁ =33 2ho
microinjectiondle] 1 A#AE vtz thSd g%g
AoH= Aolth 53] AzkAA e 3w
Unigene collectiono]a} slod, QIZFAA A A
25,000 - A-E-2 full-length cDNA €} Z clone 3}
U e gus] st ok 2 A=
10,000 {7} ¢l JA-FAR7E FHEOA ot (=
*gmd‘qc’#%ﬂ Ad —fE 4’\}). AR ol QAR

AS FHP7] AT 2ol lgFol glom, o7
+ B]528 phenotype (synphenotype)©| f-AFgH molecular
signaling pathway®l] & Zojel= FHOo 2 F4
X} 71%5<S ¥F3IAL T} (phenotype-based screening).
Foll ARS8 7182 U3 2t 1. early embryo
death (<6h), 2. gastrulation defect, 3. anterior defect
(headless, small eye), 4. dorsalized, 5. double axis, 6.
shortened anteroposterior axis, 7. posterior defect (ventralized),
8. midline defect (somite, notochord), 9. neuronal apoptosis,
10, circulation defoct, 11. angiogenesis, 12. bending, 13, yolk
extension, 14. edema, 15. pigmentation
okl = TGF familyol] 438l BMPS] mRNA '#3
o] &kl me} 22| EHEHE phenotype®] o & Fig



9o Yel o, T ©] 10,000 PlOlAEAPA =
ZAE A Zof] Aoj7 #498 clone S A A o+ghA}
ol 83 A= dF lsidch e 27|
ARl stage 1A, IBY] 69 43}t 5 4 FA}ol A
(67%) #498 f-Axke] {8 Z717F BAMY (3=
AR FEATE g A, o] FAAS} fdEA
o] BA R )3 TEAGTE e A olth

6. MEzatnl+ SHo|xX]

ABe e e BYEF vste] Ho] ¥
geigion B A7ATe) AAAHCE F59
Z7H8h3 9 Aol Th-AF M 7120 o
£ RYEEA BH0E A Tae ATHol
of 23} Wl A S52) FES 08T A
22 A771%9 ARl &% BIHT gk Auet
94 APAGE ThE 2ol vstel Fh Oz 3

VIS

a11s

Fig. 9. Injection of BMP mRNA into swirl mutants,
resulting in various morphological phenotypes from
dorsalized to ventralized (swirflomp2b - sraiihousglome?
- somitabunfsmadb - mini finl tolloid - /ost-a-fin/alk8 -
chordinolchordin - ogonfsizzled - fokkaebi). Expression
of #498 in early stages (St. 1A and St. IB) of humen stomach
cancer tissues (N, normal tissue; T, tumor tissue from
each patient, respectively).

3 ARHel 4EALAol T & ATk o
positional cloning®. 2 YAFAAE vtejor & S
2 E9¥o)E0] mutant bankE 53t T )
31, $AAEAD 2L 7| EA AN BEH B
#7150 AFEE EH7] FAA Aow =T
k. ol e Aneue BAE E AuE
& Aueiusl ElolAE Bsel 4ol Fhssiet
(http://zfin.org).
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