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Abstract

The objective of this study is to make the faster—growing transgenic
zebrafish than the non—transgenic control. For this purpose, a transgenic
vector has been constructed by wusing several genes such as [—actin
promoter, first exon and intron regions of [—actin, growth hormone and
GFP (green fluorescent protein). The recombinant vector was delivered to
the one—cell stage of zebrafish eggs through the microinjection method. The
expression of transgene in the zebrafish was monitored by observing GFP
expression temporally and spatially.

As a result, GFP expression first appeared in the shape of sporadic spots
on the embryo at the gastrula period of 50%—epiboly. Later, these spots
were transformed to be the rod—shape of GFP expressions at the
segmentation period. At the pharyngula and hatching period, GFP was
sporadically expressed at the epidermis, muscle tissue, yolk sac, fin—ray,
etc.

Among 1,000 eggs microinjected, 16.03% were hatched out. 53.21% of
hatched embryos showed GFP expression and some of them showed a

maximum of 1.5—fold larger body length than their non—transgenic siblings.



I. A2

Zebrafish (Danio rerio)= 738 o5 (Cypriniformes), %] (Cyprinidae)
of &3l e} FI| e T dolrjole] UF X Hof Fixst}(Axelrod and
Schultz, 1955; Bhimachar and Suba Rau, 1942). ©] o}fF+& 438 duA W&
o} FEA olEThE MAE wo] AAIA R 177} A= o]l tiid oFolth
Zebrafishe A% Abgtste] o4& HA & 4 A, 13 g x&d F&
1,500—1,80070o] ™, dukz o= 150—40070¢] &4 Y=th(Hisaoka and Firlit,
1962). ©] ojfF9o FAee Fste] LRSS wAsy] H7] "ol A
Z2S E3 EX DNA =+ mRNA 23S gelstd] vf9- 28t (Gibbs and
Schmale, 2000; Ju et al., 2004). 183 FANA FE371A 9] 28 5= A|7HE

59 Ar=® t& HFeE Bu wWE TALLEE zton A 7|3= 2-370€

(Amsterdam et al., 1999; Driever et al., 1994).

Growth hormone2 H3lAl HAPAA AAkE = oF 22 kDA AHES
single—chain polypeptide hormone & 24, HF5E2 %7] LAT} A=A o
sl Aoz 4EA Aduh(Knobil and Hotchkiss, 1964). X3+ growth hormone
< A w2 o] & Bk ofye} BhrstE, AW e vl o
Aol = #ed st (Le Bail and Boeuf, 1997) ¥-f-7F<F ©f z
3 AEe doA AA Wl Aa fAE 2dse 9d%E dtH(Mauras and
Haymond, 2005). @W&}A growth hormoneo] ¥t} Wal = o] Fo A9 A%
Wk oty g, A, Al WY 28a FEY W H

U7] wtol o] ZEo] gk A7t T E o AL Ytk (Devlin et al., 2006).
3% e A8 AAS ofFE AAEI9IE nlolel 2ol ofFol o]
2717kA] thF promoter (FFAH)7F AREE a1 9l o™ (Bearzotti et al., 1992;
Gaiano et al., 1996), E3] a4 oz +AF2] growth hormone¥} promoters

Ao 2 Hiw o] X tH(Betancourt et al.,
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1993; Alam et al.,, 1992). HA7}A] o] Fo]Z Ao A= v}k promoterE

rl

o] &3k tjak Ao}, coho ¥o] 18]Il artic charrs X33 Aoy} o] {F= YA+
O =2 growth hormones It} WHAA 6uoA 14we] =& A =2 @y

A2 4= AJAG(Du et al., 1992 a, b; Devlin et al., 1994; Pitkanen et al.,
1999). E3 HjFF Aojoll A thx+ Hrp FFo] 37v] Sx1¥ Fo] &AL
(Devin et al., 1994), "©&}3 o} Oreochromis niloticus)o| A+ 38) AHEe] A%
ZX1gYE BPom(Rahman et al., 1998), W F&A| (Misgurnus mizole)E ©|
&3t Aol A= 35wy e A S5 BT (Noh et al, 1999; Nam et

A s272o I S 98] thdd promoterE ©]83F AU BHaEal

Ak e AFF Ao AFeAAME EE AAEe] HAI e
metallothionein—B promotergE AF&-s}$lal, ©Efgole] 49 ocean poutd]
antifreeze gene promoters AR&3lG om witgtx]e] Afoe A3 FdoF

9] B—actin promoterE AFE3}3tH(Devin et al., 1994; Rahman et al.,, 1998;
Nam et al.,, 2001). #<*o|l= actin promoter FHAE o] &3 A% =25
o 2l A37F =5 9lvh(Noh et al,, 1999; Nam et al., 2001).

Actin2 23t AN 7Hd & BEH e @A F uEA A 7
Ao 7]1EAQ FAHAER £33 9332 3th(Pollard and Cooper, 1986).
o] actin® =4, A%, ¢ dHeWs 7485 a—actin?} AEA actin® B-,
y—actin® & o]Fo]&d 9lt}(Vandeserckhove and Weber, 1979). a—actin 4l 7}
of A HFHo] 5H3 4TS &, B, y—actin® B2 A A T H o
A AEZEYA tdst 7)5S gt Aow dex 9vh(Clarke and Spudich,
1997). ©]E actin promoterE ©]&3F Ao A  zebrafish®] a, B—actin
promoterE ©| &3+ reporter +4A<¢] EGFP (Enhanced Green Fluorescent
Protein) %% W3 vectorE zebrafishol microinjectiondt S wj GFP &3
o] & AWZHA FAEJTG= ik dth(Higashigima et al., 1997). H3
oJol(common carp)® B—actin promoter®] TATA box, CAAT box®} CArG
motifE X3k 1000 bpet B—actin 1st exon, 1lst intron A& 7}A] S o] &3¢

CAT (bacterial chloramphenicol acetyltransferase) & vector:= 1000 bp<9]



promoterHS o]&-3 S wjEt} 58] % CATY 3k #d S shrfa Hiayof
Ao (Liu et al., 1990). ©]&3F B—actin promoter= &A% oJFE AASI=Y]
Aol &3 AR = 5 3

ofFe FAAE t=d ol YuUFHAE FAT E]iske WRels
microinjection (W] A|F=¢] W), electroporation (H7] d&FH), Hlolg] A& o] &3t
W, embryonic stem cell (WlolE71A1E) S0l oy, dA M wol Al
oAAH Eal AgsHAl FAE e =9 A (transgene) & FY & F U
AL microinjection®]| t}.

wf A o] AFo| A= zebrafish®] B—actin promoter= Liu et al. (1990)¢] #Ht
g Q&3 B-actin promoter®] TATA box, CAAT box® CArG motifE =
3= 1000 bpe} B—actin 1st exonl®} 1st intron7tA| S A3} promoteret
zebrafish®] growth hormone, pEGFP—1 vector® reporter +##-Q1 EGFPE
s A vectors:  AFSte], ©]E  microinjecters  F3 T
microinjectiond} 1< W YERE GFP a3k e digte] 4S89l

ot
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2. DNA =%

A& o)l A}-E3F zebrafish®] B—actin promoter (accession no. AL929031.3)%}
growth hormone (accession no. AJ937858) A <€-2 NCBI (National Center for
Biothechnology information, http://www.ncbi.nlm.nih.gov/)S & 94S 4 AU

o o] 7]%=& 3lo] PCR primerES A28t}

1) B—actin promoter ¥

B—actin promoteri= zebrafish 3t wlg]e] &S =} s}aL, genomic DNA prep
kit (Bioneer co., Korea)= ©¢]&3%}4] genomic DNAE U ¥ B-actin
promoter®} 1st exon, 1st introne X3k A (2F 2.7 kb)S PCR FZ3}7]
A& primer zebactin F (5" —GAGAGAATTCTCTGAGAAACTTCCATATTTT
AGAGGTAA-3")9} zebactin R (5'—GAGAGGTACCGGCTGAACTGTAAAAGA
AAGGGA-3")E ©]&3lslt}. Zebactin F primerdli= A|$& 4 EcoRI (Takara
Bio Inc., Japan) A9< %1l zebactin R primerol™ Kpnl (Takara Bio Inc.,
Japan) A9L FAH(E=). PCR ¥FE2 genomic DNA 1 ul, 10X Ex Tagq
Buffer 5 pl, 10 mM dNTP mix 4 ul, primer zebactin F (10 pmole/nl) 2 ul,
zebactin R (10 pmole/ul) 2 npl, 1 unit Ex Taq polymerase (Takara Bio Inc.,
Japan)E o]&stlom, TFTE o&sto] total volume©] 50 nl7} H == 313
o} ojw] Wh§ =712 94CoA] 227 WA AIZl 5 denaturation 94ColA] 45%,
annealing 53C 1%, extension 72CoA 2% 50%7+S 303 yHE3d9don, X

% extensione 72ColA 7&3F #5351 PCR 5F 422 1% agarose gel



2) Growth hormone cDNA &g

Growth hormone mRNA+ 1-2 wutg]le] zebrafish H3FAE A FH 3},
Micro—FastTrack 2.0 Kit (Invitrogen, USA)<S ©]-&3}9 total mRNAS H| 3t
% o] total mRNAZE Superscript III First—strand Synthesis System For
RT—PCR (Invitrogen, USA)<S ©]83}9] cDNAE A5t}

cDNA 4L mRNA 5 ul, 50 uM oligo (dt)so 1 ul, 10 mM dNTP mix 1
ul, DEPC—treated water 3 ulE 4o] 65CoA 51+ ¥Fg3 ¥ 10X RT
buffer 2 pl, 25 mM MgCl, 4 ul, 0.1 M DTT 2 ul, RNaseOUT (40 unit/ul)
1 nl, SuperScript III RT (200 unit/pl) 1 pl=S Ho] 50Co|A] 508, 85TolA
5%t Wkt ko] FuW thA] RNase H 1 nlE ¥ §F 37CoA 20%

7F 925k 3L A El cDNAZE o]83}9] growth hormones PCR FEsl+=d Al

o] ¢DNA©°| 4] growth hormone A 9& PCR F3%3}7] 93 primer zebgh F
(5'-GAGAGGTACCATGGCTAGAGCATTGGTGCTGTTG—-3)%} zebgh R (5
—GAGAACCGGTCAGGGTACAGTTGGAATCCAGG—3")E o] &3lAt}. zebgh F
primero = A3dt&4 Kpnl (Takara Bio Inc., Japan) A9< Fi, zebgh R
primero+= #|¥& A Agel (New England BioLabs, England) #|9& FtH(E
=). PCR W& ¢DNA 1 ul, 10X Ex Taq Buffer 5 nl, 10 mM dNTP mix 4
ul, primer zebgh F (10 pmole/nl) 2 nl, zebgh R (10 pmole/ul) 2 ul, 1 unit
Ex Taq polymerase (Takara Bio Inc., Japan)Z ©]&3l% o S=F4E o] &3}
o] total volume©] 50 pl7} ¥ == 3p3lty. PCR 2712 94CellA 233F A A
71 % denaturation 94Col|lA4 45%, annealing 55C 1%, extension 72Co|A
50%%ts 303 wbEelglom, HE extension 72TCeA 73 Hkg-slS]

PCR ZZAHEE 1% agarose geldlA] 7] % 3to] 630 bpAEQ o4 Mi==

®



3) pBGH—EGFP & vector A2}

o] Adox A% pEGFP—1 (BD Biosciences Clontech, USA) vector= B
—actin promoter®} B—actin 1st exon¥} 1st intron® Z+A 3} growth hormone
cDNAS] A& 1S 9% reporter 4 AQ1 EGFPE H.t3tal At
pBGH—EGFP ¥& vector A& growth hormone PCR AF&E3} pEGFP-1
vectorS Kpnl (Takara Bio Inc., Japan)?} Agel (New England BioLabs,
England) 2.2 th&3} e oz Ausgity, WA 10X L buffer 5 nl$} 1
unit Kpnl (Takara Bio Inc., Japan), Zt2F2] DNA 44 plE 37TCoA 12417 &
Qb wbgste] Adtsklth ®Egol 2 ¥ 1% agarose gelolA W7 G55
vector7} Z# & #<9l3tal PCR Purification kit (Bioneer Co., Korea) o =2
AAsFF e thA] 10X NEbufferl 5 ul®t 1 unit Agel (New England
BioLabs, England), 2t4] AA] © DNA 44 ulS Kpnl (Takara Bio Inc., Japan)
I FA wbs 2o R AU dbg = - DNAE 1% agarose gell
% A7) 9Este] sld size?l bandW2 wo]fo] Gel Extraction kit
(Bioneer Co., Korea)& ©]-&3to] &2|at3ltt. £2]gk growth hormone cDNA<}
pEGFP—1 vector:= agarose gel’dolA FEZ &2 3 3 T4 DNA ligase
(Takara Bio Inc., Japan)& AF&3}9] ligationsFith. Ligation WHE- Z7L2 10X
ligation buffer 1.5 ul, pEGFP—1 2 ul, growth hormone c¢cDNA 2 ul, 1 unit
O, - £ 4o total volume©] 15 pl7} ¥ %5 3o 1
}

ﬂ =
No i
6CoNA 18A17F Bt Wk Al F T}, pEGFP—13 growth hormone ligation 2FE 5

ol\

ligaseE ©]-&3}

nl+= E. coli DH5a competent cell (Takara Bio Inc., Japan) 50uplel] Z3t3s}ho]

oA 40%, 42Cold 90%, thAl d5olA 2% 7+ ¥ § LB broth 95 ul
£ go] 37ColA 30 &<t visl= A8 AA FAAS silon JAAS
3t cell kanamycin A3AS ©]-83F] kanamycin (50 pg/ml)o] Eo{d+= L
(Luria—Bertani) plateo] 70 ul& Z=ste] 37ColA 16A17F vl 3T, ABA
¥ colonyE kanamycin (50 pg/ml)o] 599l LB broth 4 mlol] H&3ste] 37C
ol 16A1%F w¥st 5 Plasmid Miniprep kit (Bioneer Co., Korea)< ©]-83}¢]
plasmid DNA (pGH—EGFP)E %3] 3}3it}.



23t pGH-EGFP9} B—actin promoter PCR 222 A|$t& 4 EcoRI (Takara
Bio Inc., Japan)¥ Kpnl (Takara Bio Inc., Japan)So.® Asth, WA 10X
H buffer 5 ul9} 1 unit EcoRl (Takara Bio Inc., Japan), Zt2Fe] DNA 44 nl =
37TCol A 12413 &t Attt whgo] & F 1% agarose gelolA #7]
d-s3ste] pGH-EGFP7} #& A& <21stal PCR Purification kit (Bioneer Co.,
Korea) 2.2 AA8tH o, thA] 10X L buffer 5 ulet 1 unit Kpnl (Takara Bio
Inc., Japan), &4 A A ® DNA 44 ulE EcoRI (Takara Bio Inc., Japan)¥ &
gl Wk Ao r AGdtrt Wk & 2y DNAS 1% agarose gelo] R5%
7] %3] AT sized bandvHE wWo]JWo] Gel Extraction kit (Bioneer Co.,
Korea)E o]&sle] w319t #23k pGH-EGFP2} B—actin promoterE

agarose gelolA HFEZ 3Fel 3 & T4 DNA ligase (Takara Bio Inc., Japan)

2

E AFE3}e] ligationdt$d ™, 10X ligation buffer 1.5 pl, pGH—EGFP 1 ul,
—actin promoter 2 pul, 1 unit ligaseE ©]&3}Rom, FHFE EolA total
volume©] 15 7} H &5 &te] 16 TCellA 18413+ §<F ¥HgAF Tt pGH-EGFP
¢} B—actin promoter ligation 2F& 5 pl+= E. coli DH5a competent cell
(Takara Bio Inc., Japan) 50ulel] £3te] ASoA 40, 42CoAM 90%, ¢t
Al dgoll A 2% 2 92 & LB broth 95 plE Yol 37Cel|A 30% <t wiek
st AAS AA A o FAHAS §F cell> kanamycin AFES
0] 83} kanamycin (50 wg/ml)e] 9]+ LB plateo] 70 & =&3te] 37C
o 4 16A1%F wifstith. A E colony= kanamycin (50 pg/ml)o] EUE
LB broth 4 mlel] F3sle] 37CeoA 1647+ vl¥et 9 Plasmid Miniprep kit
(Bioneer Co., Korea)< ©]&3}o] plasmid DNA (pBGH—EGFP 2& vector)Z

TZ &ele HA plasmid DNAE primer zebactin F&F zebgh RS ©|&3F PCR
HES-S Fslo] dojzl PCR 42HES #|gtas Kpnl (Takara Bio Inc., Japan) 2
2 AE F 1AA SR band sizeE FSlsIlal 2xpH R (F)EAHEC]
sequence 2lFE 3} td. PCR ®¥E&2 plasmid DNA 0.5 ul, 10X Ex Tag
Buffer 2 pl, 10 mM dNTP mix 2 ul, primer zebactin F (10 pmole/pl) 1 ul,

zebgh R (10 pmole/ul) 1 ul, 1 unit Ex Taq polymeraseE ©|&3}3lom S+



TE 0] 83} total volumeo] 20 ul7} HEZE 39 tF PCR Z71-& 94CoA] 2
228 WA A7 3 denaturation 94CollA 45%, annealing 53C 13, extension
72°CollA 3% 30x1ts 303 WHEE oM, FHF extension 72ColA 7EZE

HH-S-3kl ok, Alska A WSS pBGH—EGFP W& vector A|ZF A] Wzl =35}



3. Microinjection

okl 8% zebrafish 8 HS 1.5% agarose gel® H & F77F 1 mA =<l
holding slideo] A|Z7} 992 sleE: FHs & A 14E7] W 1xX90 mm micro
capillary (Narishige, Japan)E& microelectrode puller (Sutter Instrument Co.,
USA)E ©o]&3% needleZ W= F F3dAV| 4 (Olympus SZX9  Stereo
Microscope, Japan) “JolA microinjector (WPI micromanupilator) & A}-8-3}¢]
DNAE Ao FYd3A . DNA £4S 100 ng/ul pBGH—EGFP & vector
9} 0.5% phenol red (Junsei, Japan)7} &% 0.1 M KCI bufferg 1:12 &3

tQom, A8 & o 100 pge] ¥%= microinjections A A8+t

ol
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rel

3% GFP &4 <9l 2 AF 54

rulo

4. ¥% dv|H
Microinjection$t  zebrafish®] A&} FH3}s Xoj= JFdn 4 (ZEISS
Axioskop 40 FL, USA)Z ©o]&3}o] pBGH—EGFP 2 vector?] GFP &3kt

S AEAFG o, TA3 Hoj2 BE AL injectiond FHA Fe FATS w2
83 GFPE &3l microinjected groupd -8 ZAolA A3k ar 10

d Ao #n AZSHX (K. K. KogaKu)9} vernier calipersE ©]-&3&}o] A

—

S =AY, Microinjectiondt groupel AEEF WHAELS AAS oH,
injection 3F3 & groupd W]uLste] AFS wWuwsith AF Hlales B4 X

23 SYSTAT 10 softwareZ ©]&3te] 94 AFS AAs3}.
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m. A3

1. pBGH—EGFP ¥4 vector A%}

Zebrafish®] B—actin promoter A2} growth hormone F+d A= ©]n] NCBI
9] database®] &5 HAUE FHA MEE 7Ix2Z 54 primer zebactin F, R
2 zebgh F, R& 77t AlAsigion, 7247t PCR %5 Tt a9 sized
DNA (growth hormone c¢cDNA, 630 bp; B—actin promoter gene, 2.7 kb)E &
= 7 U} (Fig. 2).

ZXZ¥ [B-actin promoter?} growth hormone PCR product® pEGFP-1
vectorg ©o|&3ste] AxF silien, Fig. 13 & F+x& Zr+ pBGH-EGFP
B vectors A2t} o] pBGH-EGFP ®& vectors= primer zebactin F&}
zebgh RE ©]&3F PCR SZ3} Agtasr Kpnls o] &3 WS 53] +x2= &

Ak (Fig 2).

_12_



1 2 3

)
I 7 Genomic DNA
mRNA Protein  #

" About1.2kb  About 1.5kb

E K
W B—actin promoter PCR product
., Bbout27kb 7
., E K A
% 5 } t GFP 12kb pEGFP-1
K A
i e Growth hormone PCR product
630bp 4 Removed TAG
— | GH ———= Growth hormone cDNA
= Protein TAG
633 bp
E K A

—+— 77— oh_ | G | PBGHEGH

Fig. 1. Schematic diagram of constructs pBGH—EGFP. First and second lines: structure of the
B—action promoter gene. Third line: structure of the pEGFP—1 contained partial MCS
(Multiple Cloning Site) and EGFP gene. Fourth and fifth line: structure of the growth
hormone gene. Symbols: A, 5'—flanking B—actin sequence; B, exon; [, intron. Restriction

enzyme sites: E, EcoRI; K, Kpnl; A, Agel.
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M1 M2 2 M2 3 ML 4 M2
2 —_— — e 27— T
L e = i—&s kb .
L P op B e

Fig. 2. Electrophoresis of PCR product (growth hormone and B—actin promoter) and BGH PCR
product with AKpnl digestion. Lane M1: 100 bp marker; lane M2: 1 kb marker; lane 1: growth
hormone PCR product; lane 2: B—actin promoter PCR product; lane 3: BGH PCR product
produced by zebatin F/zebgh R primer using pBGH—EGEFP; lane 4: B—actin promoter and
growth hormone digested by Apnl using BGH PCR product.
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2. pPBGH—EGFP 238 44

Zebrafish®] B—actin promoter®} B—actin 1st exon, 1st intron, growth
hormoneS pEGFP—1 vectorel]l <3t & Q=3 ¥ pBGH—EGFP %3 vector
£  zebrafish® A &9 microinjections}itF. ©] ZA3} Microinjection %
zebrafish®] =3} A oJoll A reporter +AR1 GFPe] 2&S &<l & + 3

ES
At o]= E3) promotere] 7153 growth hormoned] WdS Hg % o= g9l

A 1 AE7]Y A& microinjection 3FS W, 8 F 12A7F o]HQl
blastula period(Z¥}7) 744 = st A= AlEeA GFPo W3S o &
I QAT (Fig. 3). 12A]7F o] % gastrula period(3H¥]7]) 50%—epiboly= 13}
HAE wFH GFPY 2dS ¥

(Fig. 4. E, F), &d 42 IS 283 = X A d gz &

3'61“_12]73 Al—oﬂ}\i J,]Zi _L]-zl— Ely ./_‘[: o Ke3] O111

AR PN —

A AH(Fig. 4. H, ). T3 2Ao] o] wfe} GFPY #Hd F4= FHel
met 2ad e e As #990 & AALE AR V]Hor EalEolx=

period 50%—epiboly W<}i= Y E2A] &%
g B2goez Hae= AS g2 ¥ 5 AU (Fig. 5. B, C, E, F, H, D.

FU.L,
@
o
=4
=
@
N
o
10
_1>i
=
>
wo
o
=)

Pharyngula period®} hatching period¥ wjol+= segmentation period2t+ & U
s HES El & ¢ Y TG agA =gy, dEs A s 59
ol = gastrula period®} A A ez WEstal = GFPE
A3 ¥r7]= gastrula period®Eth ¢ e Aol AEIEAY. T FHe

2o o] WE S segmentation period9} Lo ¥ v

ol H& oA = Ae #F & 4 UJAH(Fig. 6 and Fig. 7).
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Fluorescence Fluorescence and dark

Fig. 3. Development during the blastula period (6 h). A, B, C: Control group (non injection)
D, E, F: microinjection group. Normal: bright field microscopy; fluorescence: fluorescence

field microscopy; dark fluorescence: dark and fluorescence field microscopy.

Fluorescence Dark fluorescence

.

Fig. 4. Development during the gastrula period (C 12 hr: non—injected group; 12 hr, 15 hr;

microinjected group).
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Nomal Fluorescence Fluorescence and dark

Fig. 5. Development during the segmentation period (12 hr, 24 hr, 30 hr; microinjected

4
;

group). Normal: bright field microscopy; fluorescence: fluorescence field microscopy; dark
fluorescence: dark and fluorescence field microscopy.

-

Fig. 6. Development during the pharyngula period (only microinjected group; A: bright field

microscopy; B: fluorescence field microscopy; C, D, E, F: dark and fluorescence field

microscopy.
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Fig. 7. Development during the hatching period (only microinjected group; N: bright field

microscopy; F: dark and fluorescence field microscopy).
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3. pPBGH—EGFP 2d zebrafishe] BEE 2 A} =HA

Z 973709 A el pBGH-EGFP W& vectorE microinjectiond}e] 1560}
7F 33 5o (R3S 16.03%) injections A RS groupe 480mty] F
452uke] 7} FshE QAeH(F3}8& 94.17%)(Table 1). Microinjection® zebrafish
ZhEd 2 A F 71E ol ®E AL GFPE st JHAI= 837k 3l
AESE WA T AL 53.21%F M (Table 1) microinjections A 33+ =74
ool i A S 8.63% AT

Fslebx] 409 A F, 39ve]e] GFPE W#3SI= zebrafishe] AFS 543
A3}, GFPE W33+ zebrafish® AL injections dFA] 22 groupd =%
Hop 11v] A= 21 ZolE &l & 5 Ao #F94 Aol yEhA &t
th(data not shown). 1ejt} A A AlE¥ GFPE Ydsl= zebrafish 5
5ut2] 7} injections SFA] &S groupd HtHETUF 158 AE 71 Aoz <l
3l oA ztelE Yk tH(Fig. 7).

N
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Table 1. Hatching and expression incidence of injection group and control group of zebrafish

No. of No. of  Hatching No. of Expression rate
individual hatching rates (%) expression fish to hatching (%)

Injection 973 156 16.03 83 53.21
group

Control 4 452 94.17 - -
group
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Non—injected group
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L = %
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Fig. 8. Frequency distribution of body length in non—injected and microinjected groups of
zebrafish at 40 day after hatching. Microinjected group is expressed the EGFP gene. * P <

0.05 compared with control.
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TR AT 71ed B9 Tse] wadte] A AAHoR we YA &
oAl 7lee e Axd FAAE oFol =dste] 7IE] ofFEY Hold
sg e offE AE] fE B A2 dta Ath(Du et al, 1992ab;
Devlin et al.,, 1994; Rahman et al., 1998; Pitkanen et al., 1999; Noh et al.,
1999; Nam et al., 2001; Lorenzen et al., 1999; LaPatra et al., 2001; Yazawa
et al., 2006 ; Shears et al,. 1991; Wang et al., 1995; Low et al., 1998). ©]
sl A Tzl el ek AR ofyel W qto] gk AEEE Z2EA
FHoll et A= ze SolHl Al tidk Ak FE3] o] FoA]
AT,

o] A< AY oFEA T3] AHEE = zebrafishE W oz 7]E9 ofFEG

ol e ol FE WS HHo] qlrk %A Liu et al (1990)0] AT

<

Rl

inj

o] (common carp)® B—actin promoter®} 1st exon, 1st introns o] 83+ A+
£ 7]x%=2 zebrafish® i1 B—actin promoter®} B—actin 1st exon¥} 1st
introne  A|Z}ste]  promoterz &8sk om, o] Az} FATAI} X ofof A<

o

reporter A6l EGFPY 23 o2 promoter=24 7]15S st A
T AAT}E B—actin promoterE ©]83F reporter A AQ] EGFPS] W AkA&
% gastrula period(*d817]) 50%—epiboly ®jol] #&=o]H o 3 Z(epiboly)
A Ko A Hel2 GFP7F 2d w o] Htl. Segmentation period(E&7])E =
g HAS well= A Fee] Tdo] it g2 Y Efom wWsteglon,
s A e v 24 BoE A - (somite)o] AP EE 5 FHldA #F
F)o] A t}h. Pharyngula period®} hatching periodo A& W3lo] Aol A od
whel d e oFe T o] W YA segmentation period(E 7))ol H]
3 s Ays]x vl E &l 3 4~ 9l 7)ol Higashigima et al. (1997)
Ao A= B—actin promoter?} a—actin promoterS ©]-&3F GFPe wa o
JS &l &9lar, T3 in situ hybridizationg E3le] B—actin®] & Aol A

Axol = o] wasejgon], of ATsh fA A%E EnhoA,

1o

>
il
d

iz
el
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P A H3% transgenes microinjectiond}lS o F-3hEol A= ARE H
AxLe} AR, F-12 do], AEo|F, needle w71 wet thst HFrE U
Bhdths Bk ok(EE3strlE s, 2000). 3 zebrafish 2 ol
microinjectiong F33F Aol A= promoterol] whe} F-3h&3F vl g9 Ao)r}
VS HAFJTG(Ju et al., 1999). o] AT-olA] microinjections +3Y3}A =
o zebrafishe] =& 16.03%=2 7]E Aol Hl&| W2 AEES Ho
microinjection H A 9§ FAZ AZEAX Y} e FAE A& F& AL
B = 7] wiizel F7FAQ1 2AE Hasid. FEkE of ol e e
&2 53.21%% o1, GFPe] e F-fof FdZo] Aert = e AU & ¢
=3
Growth hormone transgenes °©]&3F 4% = AU FHE Z+ o
77 B2 A5 Fste] BAEo XA AtH(Du et al, 1992a,b; Devlin et al.,
1994; Rahman et al., 1998; Pitkanen et al., 1999; Noh et al., 1999; Nam et
al., 2001). ©] w=#e|AE Nam et al. (2001)3 Noh et al. (1999)¢] A9}

-

o
)

%o
x2

FASEAl A8 o]F9] 3 B—actin promoter®} growth hormone fHAE ©]
g3kl AeS Fsigitt. o] Ay GFP7F HAEE U zebrafishe] MAl=
control® Hgkd vl SRS W HA 1.5 BEY & AolE HIUG
(P<0.05). 3FA|9F GFP #&do] dojibi= zebrafish®} control FFe] HAS Hlu
3RS wl, oF 1.18] AFAE Hof, group 7+ FA7F LYENYA] @k9kti(data
not shown).

npxjeto 27 M3Jw o]z GFPY fusion proteino] w3k <ol A angiotensin I

(3

receptor—GFP, metabotropic glutamate receptor—GFP, cholecystokinin
receptor type A—GFP, gonadotropin releasing hormone receptors—GFP fusion
protein®] 7]¥€9] receptor®} L3I 7Ty FAS z=vh= HI7E

(Tarasova et al., 1997; Doherty et al., 1999; Chen et al., 2000; Avitan et
al., 2007). 9 A+AY receptor Ao #WI B uWul oluz} GST
(glutathione S—transferase) FAAol AEFSI AEFIA TAH A2
5Ca FHAE §F3 fusion proteine ©]-83F &4 AFo|X %= GSTE A AT
Az 5Caet HYU3 FAS Bt W7l 9vh(Boshra et al., 2004). 3}A
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9t hormone-> hormone receptor {F 5o]4Ql A7S stmZ oA ATH A}
WO 2 growth hormone®} growth hormone receptor 7F GFP7} 438 4] &
=t & 4 gy, wEb Frd o2 GFP reporter FAAE A A3 growth
hormone¥} growth hormone receptor Afe]oll &Adof digt A7} Has Ao

2 AbE o)
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o] AT HAL 7]E9] zebrafish® ol W2A] J73h= zebrafishg W=+

Attt o5 Y3k =YFHAAY vector 2 pEGFP—1 vectoro] R—actin
promoter ¢ ¢ B—actin FAASY 1st exon¥} 1st intron7tA|E ETsl+=
promoter %9, 1¥8]31 growth hormone FAAE AFE33TE Az ¥WE =

Y WS MAFITHS ARESR o =dE FAAke] HE Y GFP %
AaAxre] HdS AEsto g REUEH PSS

o A3, FAAS zebrafish (Danio rerio)olA F2A]FAAe] W
gastrula period (50%—epiboly)olA ¥ EE 731 9l AbdbA o] A g
E}wtTh. T3k segmentation periodo|A] GFP W& Fgo A4

oko 2 wH= AL #A s 4= 9lAvt. Pharyngula period¢} hatching periodol]
M e, 25x3, d3d, A=gndA GFPY wrdo] #FH AT
MicroinjectiondF 2F 1,000 7§19 4z 5 16.03%2] &o] Hi=ggen, H3}
gk X F 53.21%°14 GFP &&o] 2= At

GFP 2&& Hol= o7 T ofF Aboldl ¢fite] AAatolE UL
™, microinjectiondt o}l A tlZxTe] H R Ho 1.50) W] A= o
771 B AT
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