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ABSTRACT

hFSH (human follicle stimulating hormone) is heterodimer consisting of a and B subunits. Since
assembly of the both subunits in the cell is often the rate-limiting step in production of functional
hormone, single-chain hormones have been engineered by genetically linking two different ¢cDNA
fragments with a linker sequence. Using retrovirus vector system, the resulting recombinant AFSH gene
was transferred in CHO cells and chicken embryos, and the expression of the gene was investigated.
In CHO cells, protein synthesis from the single-chain FSH gene was 17 fold higher than that from the
heterodimeric counterpart. In the study of transgenic chickens, ten of the eleven chicks hatched from
62 embryos manupulated with recombinant retrovirus stock was determined to carry transgenic genes.
RT-PCR analyses confirmed transcription of the single-chain FSH gene, however, no recombinant FSH
was detected from the blood samples.
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7ol T WIFHBAEES /R 29 o
AollA FARE FAHH IVRA A, In Vitro
Fertilization)$} ICSI(HAPA ZAY AXAHFEY
¥, Intra Cytoplasmic Sperm Injection) 9} 7+ A§ 2|
ol AFREE Y gtk FSHE 8]&£3 o8 AT
EEEH PPUAZE2ZEL o} Bl F Y
subunit7t Hl 314 2oz AT doH, F
A FAME ZF TEF a subunite FE 9
2 2 vehti, Bosubunite He FelE 7RR X
o]A o] s 7}zhe tE A ETHA 5
Yelll Al fickPierce s} Parsons, 1981). ©j2] &t sub-
unit® 2 FAEH STEEL 7} sybunitd] F3d
8| heterodimer®] FZZ o]Fo]za Ao ul ME
&8 A4S vehliH, 2428 S22 Ug 5o
Al SYyge] AFE dimerd] 3o 9
10 dejA sdrh ol2eh B4E A
GAl doJA Y] v EAd #AE S5
do 2= 5 719 subunitS @Y DNA A}
AAAA EDe DNA 270 2B oy
3l HhHo] A tHSugahara %, 1996).
Multisubunit®] B3 S DdUYASE HI A7)
T A7e 9uA MR 848 F7HAT)7]
sl FHel Ao on] A|ZE I THArora
=, 1994; Sano %, 1992). o]2]gt d-ol A linker
g2 7t subunite] 714 HA WAL s A
LU om, o] linker®] AMES T2 FA4,
g, dd Fa i gigk HadS Agst
AE A= ARHoZ G Alge] AE}Y
tgdel 7NdstE ACR B vk £ AF
ol A linkerZ AF&38H CTP (carboxyl-terminal pep-
tides)= hCG (human chorionic gonadotropin)€] B
subunit®] 11304 145 ofr) At Z7)of It
AL Z, in vitro2t in vivoo] A12] hCGE] W EE A
t4 Aol 7]od 8} 2(Sugahara %, 1995; Matzuk =,
1990), post-translational processingoll #od3dle] &
EHA ®BHE e Aoz RIHUY
(Muyan and Boime, 1998). o]Ate] H o] ZA3}
o E A AME CTPo| #l3st= DNA THE&
FSHB9}: o] 27} Abole] linker ME 2 =HT2
22X HEAE ol FSHBS FtEEA LTI
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ate] FSHE Ev)9 A5 Ade 2, $2E0
Eo|Z& 9l post-translational modification®] &&&

247124 shalek

o) AZ 3 FSH $74ke) Hojsh el 9lsjel
2 AP M retroviral vector systemS ©]-4-3}
th o] system®] FHL BE AWH/FAAL =Wy
Qo) wal fAHOE RS ehhe(Temin,
1989), 2lel-FAA7F EHA E2] genomeol] HUH

BEEA e Y G 1PN
AUz Aa oz zgdd 4 glom, thoksgh
7o) AEA kR 59 A FAAE B
2 79AZ 4 A= HolthRohdewohld
1987). ¥t o] WHE =9 virus stockS
P R
e, & dFeAEs oleld TARS Ast
7] flsted VSV-G gt s J] tez
virus vector system (Kim 5, 2001)-& A}-8-3}¢ich
o] systemol 2]3} /EE"HE]_ v1rus‘—.:—
FEANAM ZFEEE 1,000 W) o] F
Aom Fgt pantrOplcO]ﬂ ol olFE
= TEAEE ZEANE  9de 2F
= 7}213’_ ATHLin F, 1994).

Toll A, FeEe] g Abee] H et
’“*ﬂ"ﬂﬂ ErlHE Aes A SR S9Y
7

38

ol

kov o

o ?lﬂ

2 3} retro-

Zel F717t o] FolA = Ao ¢zl CHO (chi-
nese hamster ovary) M| =& X HMEZE 3}of(Take-
uchi =, 1989), in vitroo| A A Z 3 FSHe #3L
golst A skt ek AAE retrovirus vector
g ol&steq AXY FSH A4S T genome
WE HolAAM FAAS =g stz 35k

M. Mz ¥ 4y

.39

Plasmid DNAE A= ALols HToR
"p"E AHSEAoH(AE E° pLNB-FSH-CTP),
virus AAAFA Zofj A A virusE HH 3= A
o "p"E AMESIA] YUTHAE E°f LNBZ). B
Z A Z(helper cell)ol] plasmid DNAE transfection
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AV virusE infectiondte] £ virus A ARA
Eo Hg Azl ZAgo oM HEMEé
P2 Hol plasmid §AE AASFI(NE EH
PT67-pLNB-FSH-CTP), $=}9] 7= H]SI_«]
B3 Hel virus AL ZFAFHHAE 59
293mGPHy-LNB-FSH-CTP).

2. M|z

B AyoA A3t PT67 (Clontech, USA)#
293mGPHy (Kim %, 2001) A+ 10%2] FBS
(HyClone, USA)$} penicillin (100 U/ml) - strepto-
myein (100 wg/ml) (Pen/Strep; GibcoBRL, USA)o]
A 7}# Dulbecco's Modified Eagle Medium (DMEM,
4.5 g/ ¢ glucose, GibcoBRL 12800-017, USA)-S At
83l 37C, 5% CO, 279 viF7]oA vl st
At CHO AlEE 10%<2] FBS9} penicillin (100
U/ml) - streptomycin (100 ug/ml)o] A 71 Ham's
F-12 Medium (GibcoBRL 21700-075, USA)& A&
o] 37C, 5% CO, 2719 wjg71ol A1 ul sk

3. Retrovirus vector®| 7%

FSHE] B8 &S 717171 #stke] 2+ subunit
Z CTP linker2 AAZA3}to] 3} vector Woll A FSH7}
FHEHEE AYsith

FSH®} aQ‘rB HAAZ cloningdt”] 93}a] gen-
bankel| A} o]l #F3te HIMEE A3 E
d], FSHa: mRNA A]g(genbank accession no.
NM_000735)9)| ] signal peptide A& = 2jg 2
£ Adesgon, CTPE hCG9 [ subunit
mRNA A H(genbank accession no. NM_000737)
FAAM 2 F °Pj]‘—*‘ AME 11394 145 7]
o siFete FiE HsAL, FSHBE exon 13}
exon 2 (genbank accession no. M16646 (exon 1),
MI16647 (exon 2))E AeA3t%ith FSHaol dfjsh
primerZ= Clal ¢ #Agas HH8 #H7 g +
strand primerZ 5'ATCGATGCTCCTGATGTG CA
GGATTGC3'9} BamH I #¢& #7kgt - strand
primer= 5'GGATCCGGATAAGGAGGAA GGCA
GTAA3'E A}&-3tg3ch CTP linkero] o 8+ primer
= Bglll ®$1& 7}t + strand primerZ 5'AGA

TCTTCCTCCTCTTCCTCAAAGGCC3', Cla 1 +
$YE H7}8l - strand primerZ SATCGATGCTTT
GTGGGAGGATCGGGGT3', 183 FSHpBel th3t
primer 2% Hind & #7138 + strand primer2 5'A
AGCTTAGGATGAAGACACTCCAGTTTTTCTTC
3, 123 Bglll siteZ 718t - strand primerZ 5
AGATCTTTCTTTCATTTCACCAAAGGAGCAGT
A3E AHEer3ThH

PCRE F3oll UojA A F3L human
pituitary gland ¢cDNA (Clontech 639324, USA) 0.1
nge Mo, FHALE Adgo] A
do Ao g AdEA e Advantage-HF2 (Clontech,
USA) 242 Aestich PCRS 0.1 ngd) 53
DNAJJ 100 pmole2] +9} — primer, 5 ul & 10xHF2
dNTP mix, 5 12 10xHF2 PCR buffer, 1 gl £] 50x
Advantage-HF2 #3848 &3l 94CoA 1
7 A8 T 94Coll A 302(HA), 68C
1A 18 7Hprimer 72 2 4173 ¥h3-2 353 W
B2 AN vhe 5 68Tl HE 2S¢
3to] 68ColM 3E7ZF WAEtH o, Hhgo] F4
B & 1.5% agarose geloA] A7|HEE AA A
o} Ztzte] AME2 FZE3ta pGEM-T Easy vector
WE ZQlstgen 74zt HHE T vector®
2383t pGEM-Teasy-FSH-CTPES +&3 th&
(Fig. 1), Z+ ¥ 2] DNA 97|14 4§ sequencing&

=3le] &213ldth H 3 < retrovirus vector pla-
smid pGEM-Teasy-FSH-CTPZH-E ¢k 1 Kbe]
FSH-CTP A#H & #el3}9 retroviral vector) pLN
BZ9 E. coli LacZ +AA] $1¢] cloningg o 2
W &3 HFig. 1). ME AZTE pLNB-FSH-
CTP: Qiagen maxiprep kit o] £3le] thafk &2
3 ¥ s AP ARE-SETH

°,

il

i

4. Retrovirus vector2| M4l

AN ZFE retroviral vectory= PT674] calcium
phosphate "W © 2 transfectiond}a] G418 (500 ug/
Wol A7bE HEgao R 257 W egon
4% Neo' (G418 resistant) PT67 A E <
DMEM/FBS (10%)o] 4] 48417 wj<kst & virus

stockS £t o virusS B AF M)A 7
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pGEM-Teasy-FSHB
—_—

pGEM-Teasy~CTP
—

pGEM-Teasy-FSHa
-— 7

Hindlll- FSHB-Bgl Il (396 bp)

Bgl II-CTP-Cla ! (102 bp}

Clal~ FSHa-BamHi (454 bp)

Nco | Hind Il Bglll NcolClal

Bqglll Nco | BamH | Clai

>

Hindlli- FSHB-Bg! 1l (396 bp)

B8gl iI~CTP~Cla | (102 bp) | Clal~ FSHa~BamHI (454 bp)

Nco | Hind Hll Bal ll Clal BamH |

pGEM-Teasy-FSH-CTP (3961 bp)
piN pZ
—[ LTR H Neo | B-actin LacZ LTR
Hind It Sal!
e
\—{ LTR H7 Neo ’ B-actin FSH-CTP —[ LTR }—
Hind 11 Sal I/BamH |

pLN B-FSH-CTP (6.7 Kb)

Fig. 1. Strategy of retrovirus vector construction. LTR, long terminal repeat; Neo, G418 resistant
gene; f-actin, rat B-actin promoter; CTP, carboxyl-terminal peptides gene; FSHa, follicle
stimulating hormone-alpha gene; FSHB, follicle stimulating hormone-beta gene. Length of each

sequence is not drawn to scale.

%%t pseudotype®] retrovirus A§AFAER] 293mG
PHy (Kim 5, 2001)o] 7+ A1 G418 (600 wg/nl)
ol A7td APEHOE 257 Ayt AE
¥ Neo® (G418 resistant) 293mGPHy-LNBZ | o]
calcium phosphate #H 2.2 20 g2 pHCMV-GE
A A H 2 Z transfectiondled 37°C, 5% CO, Z7A9
A SAIZH Bk F A v gFY o2 WS T 484
7ol 7A@ F retrovirus7t X3HE M FA & £

shach

5. VirusQ| 523} titer?| X
8%t virus stock> 4ColA 16,700 rpm o2
9087} vertical rotor (Beckman 70Ti)& ©]& 35}

AR E St A9 S $A8] AAS T A
Eo] DMEM/FBSE #7}ste] 4Collal 16A)7F
X A B3k =22 virus stockS 0.45
um pore-size®] cellulose acetate filterE o]-£3}o]
o3 E -70°Col] BB r) Virusy titers &
A7l Asld % A F9 virus stocks
NIH3T3 A Xo| ZAAZATE 2447 A & A X
g 39 74422 G418] Hrig Adujdoz
Zrel3o] Neo® colony forming unit per milliliter
(CFU/ul)E &3ttt

“

6. In vitroOIM2| FSH 22 28} immune-

assay
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B AgoA =3 retrovirus vector system-g
o] &3 FSH-CTPS) in vitrod]| 1 ¢] 4& o]REZ 2
918k7] 18k} CHO A el virusE FHAIAH T
NIH3T3 ¢} v}7kA 2 G418 (800 we/ml)S 3 7}13h
Ao 2 2727 WAtk 23 e
o] ¢ CHO-LNP-FSH-CTP A EE 2477+
¥ F ujgd s FEute FSHE FHaich
FSHe| 72k Elecsys FSH reagent kitZ electro-
chem-iluminescence immunoassay (ECLIA) 241 7]
(Elecsys 2010, Roche)E A}8-3le] =8i&tgch o
ZFZ2E virusdl] infection® X %2 CHO Ml XY
okl S AMEEgo EEE AAE oLty
FSH-CTP §3719) B8 A=g Zaso.

7. S| Hijofl et Z
B Ao AMEE FATE oJAE g A
FAL RO ZA, wjArt
Agel Hr g HAFHEE 37 A
stage X9 FeHg ST 9] FHE 10417 FA
gk 3 windowE A &35 10 wg/nl 2] polybrene
£ 713 virus stockd] FYL& E4 713 micro-
injection pipette (SIGMA, pipette, microcapillary,
50 o, 100 mm length)& o]-8-3tod wje] ol F
dataom, viruse] Fo] g AL window
€ parafilm o2 33] Zrobx RES T S3F
2] AFE R 26Ce] F5t7]el A 1AZ 7haF X §
o2 2% A% 294 F4e g FAH
37.7Ce) &9} HUl4T 55% ZAY H3l7)d
kst 2417y =712 AJAIIHA 1847 &
Al F, 1994 BEls ARE 37Ce 224
FE75% 2109 BAVE £ F ATEA &
= EolA Fae mirhR] vl Az vl et
T 104, 18<, 21 Aol Alghe] WA A3 o
£ AWNE Tt dA e Rghst Wotg
T 25CoAA Akt

L orfr 82 o ox

8. In vivoOlA{2| FSHO| Y& &S 28l RNA
2|2 RT-PCR

53 T 23Uk A %
FSH-CTP f-7A7e] 28& A5t shdoh &

g G Oe 232 A ALl YojX FAHA
71 & uMslA FH sk Trizol (Gibco BRL,
USA)& AH&-3lo] RNAE 2213199tk RT-PCR
£2]3 RNA | wS 50 pmole] primer, 0.2 mM
dNTP, 1 mM MgS0y, 5 U AMV 9 AA} & 4(Pro-
mega), 5 U TAIDNA &% & 2(Promega), AMV/Tfl
5x ¥hS- 94 ol(Promega) 0.2 THE Wh-G-of 3l &3}
o 3, dAH cDNAE F438t7] A3t 487 ColA
4587 B3 oS AMV A E A9 243519
RNA/cDNA/primere] HA-E $13)] 94°CellA 287+
AT 22 DNA 43 PCR 53¢ 93}
o 94°Coll A 302, 60°C (FSHB2 73%), 52°C (Neo
o] A9l A 30%, 72ColA 3027 whgal= 3
TE 353 ¥HE AAE &, HF ARS8 72T
oA SEZF WAsATE §h-goll ARE-S primerd]
gL FSHB FAA dls] 4+ + strand primerE
S'AAGCTTAGGATGAAGACACTCCAGTTTTTC
TTC3', - strand primer2 SAGATCTTTCTTTCAT
TTCACCAAAGGAGCAGTA3'E ALE-3t992 ™, Neo
2 2ol g gt primer A2 3= + strand primer A 2
Z SATTCCGATCTGATCAAGAGAC3'} - strand
primer A EZE STTTCCACCATGATATTCGGC
A3'E AHESHSITE Bhgo] 9 3 12Tl A 5E7H
WA F 1% agarose gelZ 0183t H7|¥5E

dAs .

rot

m Zda o o

1. =R hFSH SHXLL| cloning

RBAAFEE RO PRUATEZES ol
278 subunit® A H o]
subunit B A FEAZ AARE RS &
T @ AESH g4 LS FUH
71 9%k AlEojrh ole E AFAE F subunit
o Btk 2&4Q d4dg 9st9 CTPE
Estged, o] CTPY 24+ #HE 9 proline#}
serine 2718 &Y ¢ojA] FEHA o2
7V YA etk B8 F subunit Abo] 9] F
A AFFLEMN linker24 ] HHg FHZ A
) FSHE B AEE 2587] a4 lin

rir
o
|
rl 4

- 201 -



kerg& AME-&x|9] ofRo )3t AAL o] linker7}
s2Fo BEule} AEH Ao dH0rt §

UebgthKlein 5, 2002). hCG2] o YoM E
CTP ME& AARE BFole EH&o] #ast
= @4o] velytiSugaharas, 1996). &1}
CTPS] EA| o f7F F&A o gt 2% 218} o]
U g Akgd AE dede & 93-S vAA
= 2=tk mekA loopol siA A7le 33+
TEE invirod| X8 AEeE EAROE AX
W #gd tE 23S HoFErHSugahara 5,
1996). o] 213t A =3 FSH+ wild typed] FSHS} in
vivost in vitrodl] QoIA T2, 715F1 FAMS
et 202 B3 v Mannaerts 5, 1991).

B Age = FSH a9t B subunitE human pi-
tuitary gland ¢cDNA libraryo]| 4] 213 cloningd} %1 2.
o, 1 A3} 102 bpe] CTP, 454 bp®] FSHa, 1%
3 402 bpe] FSHBS] ©HE A& & ATk =8
FSHa2} FSHB subunit-S CTP linker2 A3t &
vector Ulell Al FSH7Y @dAlER Wo] HESR
A 83ttt Sequence’t &<lH FSH-CTPE retro-
virus vector?] pLNBZ<2] B-actin promoter2] down-
stream®] $] X9 cloning3}$i th(Fig. 1).

2. CHYBE M0 CHEH ZHY ZAL

A 283t pLNPFSH-CTPE pseudotyped retro-
virus producing cell?l 293mGPHyo| T sta] 293
mGPHy-LNpB-FSH-CTPE +%3t3 VSV-G ¥4t
FA2E 742 pHCMV-G plasmidE& YAHO 2
transfectionsle] LNB-FSH-CTP retrovirus stock-2
&8sttt £33 virus stockS ZEAEHRE 2
S%3to] NIH3T3o ZgAIAAM LacZ™ TU/nl 9}
Neo® CFU/m titer2 2R gl =237 A9
retrovirus 2] titer= 1x10° A& 2 Vel o ® 1,000
Bl 2 =23 59 titer 1x10°0.2 UElg} Gi-
bbon ape leukemia virus®] = Tt A2 Hdo)
FAH AEAQ retrovirusE 5 A9 virus$]
titer7} %% vi5e] ok 1208 Jehd Bl vy
8 2 m(Kim S, 2001), VSV-GZ ¥ =o] 8A4d

vituseE ZEE ok 79A A3l 59 dAto
7

7o) JEA 9E

3. In vitroM| M2 FSH HE}

CHO MX&= A5 "800 A2FE wid
o Aabel] 2| AME-E 2, AVEY) CG, FSH, LH9}
7Z+2 gonadotropic hormone?] thF{o] 29 7]
S HET A dFd FE AMEEY
(Keene 5, 1989; Hard 5, 1990). & AFgA =
CHO A Zeol] LNBFSH-CTPE T3 CHO-LNB
-FSH-CTP M EE& F53 $ wjdd S FFstH
FSHE A%stgty. 1 A, FSH-CTP7} Kol
9F8 CHO A £ FSHa%} 7} co-infection® A X
oA Ztz} 0.18 mIU/ml, 0.19 mIU/m 2 Jepdt
o w®]&le] CHO-LNB-FSH-CTP®] ulj ke ol A=
3.16 mlU/nl 2 el THFig. 2). &, GdAE=E
ANZE FSHO o] diZziol vlste oF 17w
o HEES How ol F/HY subunits
linkerg o] &3te] AZ¢ Peo s2F a9
HI7 F7Hhe vEllE Aelth

o2 dApoME hCGY B subunite] CTPE

@«
j62)

w

FSH (mlU/ml)
N
o

Con Co-inf FSH-CTP

Fig. 2. Measurement of human FSH in culture
media of non-transgenic and transgenic
CHO cells using ECLIA. Con: non-
transgenic CHO cells. Co-inf: CHO cell
was co-infected with FSH a and FSH B
viruses. FSH-CTP: CHO cell was infect-
ed with FSH-CTP virus. All cell culture
media harvested after incubate during
48 hours.
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FSHoﬂ 228 AL FSHY w7718 AAANI =
9l ¥ (Arora £, 1994), T3 Ao

Z7t8 Aoz Jehged AA,
19924 Fares So] FHE tAFC &2 FSHY| CTPE
B713 el wild typeS] FSHE Foidto] Bl
3 23tE W WA} in vivool ] LR FN AES
A gAE Jeldn AT AT F A
£ FA7F A 49 ZALE HopA dAF
AR QoXE 1 a3yt §F Aoz Rk

4. Retrovirus stockE O[8% FSH |HXIS| M
oloff 2/gt HRXME EHO| Mot

In vitrod A Ego] #elg AxF FSHE in
vivoQl B¢ genome W Ho)A 77l 8l 2F
249 retrovirus stockg B9 vldtgZo FUEFA
o 23 fATY Fa&d 7M7) 38
window A ZHA] S s EHQ S-S H4s
stx A ¥tk 19 A0 F windowe] A7 E
48313 windowe] A FA]| WA s tzh 5H
o] gto g So7tA] &EE sgon wixE vt
Bl RI=E 3l 27 A2 E FA FRFTO
ZH 7149 &30 o3 Rohge AstE WA
I micropipette?] TS AR HeZ A&k
wivkg =9 po] HAastHEE 33th

ZAAY FAHB) F3E2 A9 100%E et
Wor DMEM/FBSE FHU& 7 Fole ahgo)
45%% % 2t
dow *ﬂzﬂ] Ll e E]—‘J" &4 FUA
Btue g5 7ol g ZAes #4Hrh
FU F 18%<] Rt o

b
o
ﬁ
,_]
(5
=
o
- 9
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o
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o
wlo
v
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Virus&

) o] & retrovirus®] F¢o] wjAolu} Fslo] F
A FEE Yehl= AL o7 FtiTable 1).
Retrovirus vectorol] 9%k A2l FRA @4
o that &L virusE FUS + F Fehd Ho}
2o @7l 2w 23 E2g RNAE o] &3
RT-PCRY| jaf A F3 = 3t. A8 primers 4
AAFE 2R FH wetA 5ol 3 subunitdl B
subunite] &)@} primer$t Neo A Ab] o §t
primerZ A3} o8, 11 A7 110 F 10w}
o| A 396 bp2] FSHBS 600 bpe] Neo ARl o
s "P”% ANYE Aol AR oH FAA
o of 91%2 LFERETHFig. 3, Table 2). ©]o]
g o g BRAMNE AZZ WFSH
}E 4 sth I deleze A4
o YAy Eulg FSHY Fol U
to) B A A ALS-F immunoassay
AAE F g AeZE F5Eh
315k Holel9 91%7F FAAE NAZ A
e Foj FAAT #9 ikl doA
FA19] retrovirus vector systemo] €} Hbwldj
18 S8 Utk 131‘4 60,000 o7}
WA x| A3 Qe FAHAe Holzt
HOR o]FojA & wjg o AR olth
& JEbE 4 9= chimerasmo] )3 &) 2
3, 615 9 $2199) 440 oz Ao
AgA B o7 FAasteor & FA4
o2 AAHI Ut ChimerasmE 4 tiol] ZHA
germ linedll GAR7 Aol AANE 749 23
O
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Table 1. Hatching rates of manipulated chicken embryos

Treatment No. of embryos No. (%) of embryos hatching
Control (no injection) 10 10 (100)
DMEM/FBS 20 9 (45)

FSH-CTP 62 11 ( 18)

To each freshly laid egg, 10 4 of DMEM/FBS or concentrated virus stock (FSH-CTP) was injected into the
subgerminal cavity of stage X chicken embryos, then incubated for 21 days.
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Table 2. Efficiency of gene transfer to chicken embryos

No. of No. (%) of No. of LNPFSH-CTP + embryos
Medium .. .
eggs injected eggs hatching FSH-CTP Neo
DMEM/FBS 20 9 (45) 0 0
FSH-CTP 62 11 (18) 10 10

To each freshly laid egg, 10 4 of DMEM/FBS, 100X post-concentrated virus stock was injected into the
subgerminal cavity of stage X chicken embryos, then incubated for 21 days before RT-PCR assay.

(A)
M P N 1

(B)

2 3 4 5 6

2 3 4 5 6 7 8 9 10 11

7 8 9 10 1

4 396 bp

Fig. 3. RT-PCR analyses of the FSHpP (A) and Neo (B) genes in the manipulated chickens.
M: 100 bp ladder, P: Positive control, N: Negative control, 1~11: Samples from 11 di-

fferent chickens.
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