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and ovaries) - Eso-1 & — B & — |+ 4 £ & %7 w2 cn* JR it (maternal effect) 2 %) 0 #5275 %
13.5 2 B4 | & # enrim¥e fR 5 Eso-1 ehi 3R » Eso-1 &= #ih“r @ 25 Cytoplasmic
polyadenylation 38 % - & in%e & p 1 Eso-1 mRNA 2. 3’-UTR £ 3 poly(A)ut & I % - 38
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7 Eso-l v FafrdommA e d = % BApiR e 2 A MNP L BRI miz P o
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The homeobox gene products act as transcription factors during animal developmental
process. From previous results, we identified a novel homeobox-containing gene, Eso-1, which is
preferentially expressed in embryonic stem cells and oocytes. The Eso-1 transcripts contained
cytoplasmic polyadenylation sequences whilst the length of poly (A) tails varied during oocyte
maturation, indicating that Eso-1 expression is controlled by a time-dependent translational
activation and suggesting that the Eso-1 protein plays a role during oocyte maturation and early
embryonic development. Here, we used RNA interference technique to explore the in vivo
functions of the Eso-1 gene. We generated transgenic mice expressing a long double-stranded
Eso-1 RNA, drived by an oocyte-specific ZP3 promoter, to interfere Eso-1 gene expression.
Among five transgenic lines, only the line with high copy of transgenes showed significant
decrease in female fertility than control littermates. Preliminary real-time PCR also showed
decrease in Eso-1 gene expression in adult ovaries of this transgenic mice. Moreover, we
screened the ovaries’ RNAs from transgenic mice and observed the decrease of Gdf9 mRNA.
Thus, Gdf9 might be a downstream gene of the Eso-1. We will further analyze the relationship
between decrease of Eso-1 gene expression, oocyte maturation, and early embryonic
development.



Al G = e e e 1
g 2 et 2
v JI?%%E% ------------------------------------------- 3
B G T e 5
N 6
(TR ST T - 3 IR ——— 6
2. A FLE AR A A oo 6
3. ES0-1 £ Flerdk Tl F cmmmmmmmmm e 7
4. Eso-1 75 F1 & 4 3 3§78 450 8
Pz o2 VA 9
R i 13
P JI%J% ----------------------------------------- 15
B BB] - mm - m o mm e 17



Functional studies of a novel oocyte-specific maternal effect Eso-1 (Cphx)
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Bh) > Fu Pl - AT > PR AR e £ G g8 P mre
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fe i 46 7k F] 7:2% (homeobox gene families ) ¥ - #4523 & F]5 A FHE e > H §od

AT %ﬁ" AETHAFHLIRL A RFd H B2 3 T (De Rebertis, EM., 1994 ) o

ApEgE g PR ’ZE‘IEL‘T B e R AR e R g A ] 0 TAT R BB ATR R da A
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2. 403 it I iR 6 2 F)(Wang et al., 2003; Li et al.2006) » & #4345 b iR fa % ¥ 2§ & % F ¢
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2o F] A & 25 Eso-1 (Embryonic Stem cell-Oocyte expressed genes) © i&— % # 7 #
Eso-1 A F]i & £ A frime » d ¥ lmre 2 e wSend T S R E - B AR g AT i AT
B S A AT e T L P ESo-l R FI2 H i Mg BT fR 0 e
FRFETEEYRINZFTHA o



M AR
wer iy R R DEARY 0 € &8 X 2 R A FIMRNAs | ff ierlmre ¢ ip it

A RERAFIEFBA LI E R DT o Ei)é“ﬁ”ftév\ HNYPE > 2amie? 87
T4 > FHFPELE ) AAF T I - Baeap D - me ) o X B4 a ) onigd
Bein L Attt T g% L TR (IR R L bt )R
PP SR A 5O PRIEAR Y v T o U AL FIE “f 17 N T A R AL T deMater(Tong et al.,
2000), Zarl(Wu et al., 2003), Stella (Payer et al. 2003)3{ Npm2(Burns et al., 2003) 7% i 0 3 IR
FEEARAMAFRIEFE BT RT A B we P EEE ST AP wER
FHF - B3rnrme b - ARPATRFR D RER AT NS AL F G0 P AR
F o bl S LB R T A Y > T i D R L R AT a2
cytoplasmic polyadenylationci# it #& 8 ¥ * 3 {7 o cytoplasmic polyadenylation¥ & #+ R+ 7k
Flig g A 4 4e & poly (A) tail Flm & 1 g F* chig {5 - cytoplasmic polyadenylation <&
7% &3 5 7|75 & @ HPS(hexanucleotide polyadenylation signal), " AAUAAA, 14 % CPE
(cytoplasmic polyadenylation element), " UUUUA |, U (Mendez and Richter 2001)° & - &= =
M 2K Fldoc-mos, tPA, cyclin Bl # %%‘ d cytoplasmic polyadenylationi5 it ;3% # e:g {7 o &2
Re rf FenB i FT 2 B FHR AT F T ER L e E T RER > RE e
PELAREATFIZAGLAS A2 B RE A F R FEY LS REATIR A
AP o f 0 EF AR E R B - L b - 2 A T H
e BRE S IAFE TS A i kP B HBE SOl XY #F
j“ { $enrim®e 2 5 ) 75 4 Benig & T3 o

B e A g fr fwhe 2L F) & L endd 45 %] > 4 Zfx (Luoh et al., 1997), Nobox (Rajkovic et
al., 2004)% Figa (Liang et al., 1997; Soyal et al., 2000) % » 34 /A /F £ & chd & o | B3t
X B Pl B RPN A A A > A R iRig AT Nobox chik 2 g * B2 &2 5 ¥ ¢k
Figa ¥ 3# & ZP 30 nf =0 0T % » FQL 0= doimie e, S I £ 8 end § o § Nobox #
F1E7 ,ffv PV R - frhmie ¥ cnfl Flend R S o de Mos, Oct4, Zarl, Gdf9 2 Bmpl5 > %
A AR Lt 2 P m e R MR T o A 3N i 4TS 1035 2 DNA B A2 B
Hm &8 TR BT B8 DTS DNA B 71 70 E 35 0 S g T R A Flend
Mo 8 d R R Fens & a i E AT A R 4TS Nobox A TR KR AT
FREAFIFE LA P BT TP FiE R ek & (De Rebertis, EM., 1994) - 257 3
PR 2R R AT Eso-l 3B e A A B0 00T AR R A B AR B TR
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AT e S d %is? FIR > § kR A T Antennapedia (Antp)# 2 X% » € A& -
Sy & & =3 % (McGinnis, etal., 1984 ) JL{8 #3522 S il g 7 2 AF| 307 5 -

B R FF 2R f5 Fikfs (homeobox) g &2 o M EBAFT EF ﬁ% £ 60
¥ e > A helix-turn-helix g4 > FFrt B A2 T A FIBF L DNA BAlG & 0 @

B & A T2 & B (Gehring, et al,, 1994) FiRfaAFl» £ - EAFAE PEE LR - -

215 3-9 > 4e Sonic hedgehog (SHH), fibroblast growth factor %2 bone morphogenetic protein
(BMP)( Chang, etal., 1998)% % » % ¥ A -4 T bk gL FI LR o



BF B A b @ 3am B (Burglin etal,, 1991 ) ~ % # (McGinnis, et al., 1984 )
-] B (Monaghan, et al., 1991) % % #f (Boncinelli, et al., 1988 ) » «n_J_TE«’rﬂi EF° 0 FK'
R REAT E AR B R VRN B e 2 5 » Eipleie b 2
SIEBRF 23 c AEBFHFMOE - Bz 22 ¢ > BRAATF lé’«’ﬁ TR E S
( Gehring, et al., 1994 ) -

FPodRZPREAFIOF e ~T A B2 5 I RREZRETLPHEE 7| il
FHRH sz Lk R4 A P15 3 (Kappen, etal., 1993) ¢ % faé 4 2 I 48 28 7]
VLA A KRR k- MR EEM G 7f]a_,a class 1> 4r Hox & F]3# > gt L F] 23048 e e
4 R REE > AR RN R P RFRE LR PE T o F Hox AFH A RE
BB R usAp 2 3 7 £ ¥ I % (Ramirez-Solis, et al., 1993; Gavalas, et al., 1997; Davis, et

L 1995) e B 2 R RBATADN AT L R AW DLV RRBAT ST FR
%ﬁ‘&mﬁ ek > R R % - BET R VPR A X ROk iR A TSR RIE 0 Aol
3 paired domain ¢ paired-type (PAX) ( Silberstein, et al., 2002), Iroquois-type (IRX)
(Cavodeassi, et al., 2001), % Double homeodomain (DUX) ( Ding, et al., 1998) I /& 48 & F1=X R
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BEARAXERAF e FRAEARAPMATF ) 305 PRI F T EARS RHF AKX
ARG gy o ETEBOIAE T R mpi** AR I FHRMRILDFET 2 {5
Pene fperimie R BB F T s S (A2 FE B RFLE LS UNE L e
BiBAh o RS AR RBATIRE R L FF PN%!%%%W ERYREY SR iR i
PRRERDES o h0 L RSB FRBATIARS > - B2 1Y hu AR
EEOA D ABR s SERE A SRR R AT A 2 ¥ 2R M (Cillo,
etal., 2001) -

rE Y P OAT ’T fe R 48 AR F1 22 % ¥ ch pair type e R §8 A& F] BSHO ok R fa % 3 ﬁxrs
cfp idd s e £ 75 38% Ap (B )0 Fl T A 3T pair-type Ik 8 A Tl 713E
T ATR R R T RSE o d 42 (A RT-PCR A 45 b iR 4444 %] » 2 mRNA 3 & £ zﬁutt
pEsERimie 2 PR kY o Bt AR LS Eso-1 AT o Fd - BT HE RS R
A& F1E 5 cytoplasmic polyadenylation i » Fpt 4 #-H & £ 5 Cphx (cytoplasmic
polyadenylation homeobox gene) -
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fI* 5°% 3RACE cns % » 17 2 & 1 Eso-] 2% cDNA A 71 » X BELF § 7
e S cDNA B 775 fe o 13957 BLEso-] AFIRZ]| > PR E- HPIH b6 B
% i fept Eso-1 #k )2 orthologs » o ¥ 7 I chdr fi5 7 + B 2 HiFtale chdk & o
2 AFBHAI
1395 Eso-1 # Flen= £ cDNA B 7| > 45 1 4p & 2. genomic DNA A& 51| » #4a § )
BO O eng ARA ] o P FHRET R ERLSITA T AT 2 B N Bk
o A TSR FARPAZ B > A Pl Eso-l 2 M AR

CAPAR SN B & 4{? Eso-1 conditional knockout DNA construct 2. %% -

S A FA BN & 47 ¢
f1* RT-PCR, Northern blot, whole mount in situ hybridization, immunohistochemistry,

H 3 immunocytochemistry ¥ & faHjirenid & > ~ 45/ &3 ¥ ALY Eso-1 7 F1& R
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A GEARE o A A e % B Eso-l R Flh - i RS RE SR sk o )
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4, AT A
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137k R AT

0D s R B T AR 2 ATk R4 AL T AP iR i Mg 51 5 (degenerated
oligonucleotide primers ) i& i PCR (Wang et al., 2003; Li, et al., 2002) » & iE /| Bl 2_ %2 755F m
%2 cDNAAFIEY G2 FRpAT P PRI IR IRZEEIRAFTF 2R AR ®
Z_7F helix 3 % #73k 2+ 23 base & e fAPCR eh1 2 $ 5 d B 7|4 47024 1 (B 3]3F £ I3 DNA
clones # 7 ik da B 7| > Rypielt B 74ap) D 2 Ll B 7] 22 NCBI databases bt ¥ > 3
- B 2ATHATF] > & % b pair type R4 28 F] BSHY chle g % 7 BB cfp ik o
AL 75 38% Ap (B - ) 0 Flt 3 B0 pair-type Foik e A Bl ROE 0 R B AT
BiEAFIFEd 4 H A RT-PCR A ABATF] 2 MRNA L & £ R 497587 2
Pl S FR R A FE LS Eso-L AR

2. A FGHEA !
In silico cloning a novel homeobox gene:

#-PCR #7172 DNA % £ 27 NCBI databases ** ¥t » 2\ i g - B WA A7 mPe 4 IR0
7 cDNA F 7|(RIKEN cDNA £ 7]:Accession number: NM_175342)> £ Eso-1 A F1& 5 100%
4R 04 o 335 ¢ RIKEN ¢cDNA & 7|2 EST database '* % > #3Rd A X P 3] 7.5 2 2]
ARV R LN f stz = 2 BST clones oo 2 Eso-1 FiRB 2 Ap 0t B H P Ap it
BB ¥ 5 %2 ESTclones> i & %k p >*érim® > d M 4aip| Eso-1 ¥ s % #2758 7 4 eh
Fe i 48 25 T o

1395 NM_175342 & 7|2 4]* RACE (Rapid amplification of cDNA end ) -PCR =17 3% j&_
i PLEF e £ I mRNA i {7 reverse transcription (Frohman, et al., 1988) » £ 12 Eso-1 #* B
M4 &0 primers i& {7 PCR » %’ﬁf #t 35 1 Eso-1 €7 transcription initiation site » 2% 4 17 31| Eso-1 > &
cDNA A 7+ d 1710 %4 f& 2= = (Accession number: DQ224405) (Rl = ) » #-4* & 7] &
MGSC database(http:/www.ensembl.org/Mus-musculus/blastview)* ¥} » 4 I Eso-1 %] &
14 54 ¢ #8495 GT-AG  BI4&R|H splice sites ¥ 4v> Eso-1 5 F]d » i# exons &= (K= )-
d exonl ¥| exon4 2. genomic DNA + 3 13.8Kb o 1945 Eso-/ cDNA A 74iip] » B+ #3F
11149 B > B P FiR{EE 23 exon2 2 exon3 t(W=) -

1395 cDNA £ genomic DNA 2 454 % » 24 5 3K 3+ §5 intron 0 primers (M=) > 4
AR TIEEE AR _EL%I%.‘« 2 m¥e fR P o Eso-1 R Flendk B35 o 1 Pl 2 P4 primers i 7
RT-PCR P& » % .4 & i PCR &4 » £ & 4 5 5 593bp 2 686bp - 550 DNA 2 A 7|4
e FRA H 7 F s fk e 686bp B £t 593bp B % ¢ 7 7 intron3 (93bp) &F 7+ Eso-1
# F173 alternative splicing form » @ 31 & e9& 3RA)5% 7 5 1710bp > ¥ % ¢ 7 intron3 °

IF PF1395 40 cDNA % genomic DNA 2 42 Bl » £ 4 %K 3" 3% intron % exon } 2

primers » ' %2 F5E% fm*e th genomic DNA 1% 5 #45 » 127 PCR» #7{8 Flen P s 84 &

P

¥ mouse genomic DNA library > %‘Jﬁ‘ #5578 Eso-1 genomic DNA ° #71¥ ¢0 Eso-1 genomic DNA
T Y447 Eso-1 A FIG AR 100 1F G M-k 4 45 promoter B 574 i 2 2 1AL F1 7 “,% LIS
e 2 L TP “,% | BUAr % 2. genomic DNA #4342 kiR - B o ¢ & 3% I = i phage clones >

6



d PCR @ /320 PAzf ¢ 7 Eso-1 ZA %> © i&- #H g7 1 pBSIl vector’ i& {7 Eso-I genomic
DNA 5 7| &14 #5722 conditional Eso-1 knockout construct £z ﬁé °

B @ 2 {295 Eso-1 cDNAA 7| > M PCRe77 ;445 @ H coding region > #4531 + % & 4 IR
T4 U < %4 F 2 AGSTAHISs f& & v - 175 2 A anti-Eso-1 polyclonal antibodies 2
il o 4c@]® #7571 o anti-Eso-1 polyclonal antibodies ¥ 17 #3845 i CMV2-Eso-1-Flag % Iﬁaﬁ“ 1
¥~ dwte i5 47 & 4 2 Eso-1-Flag fusion protein » & % #-12 Jb f2A8 4 47 9P K w2 & Hp i vy o
Eso-1 3-v 4 IR -

T R AT R D T - TS 0 T Y 2 DNA B & G BT A Fen
I Fp %ﬁﬁ SR F AR K ST A 2 fhpg & B9 7 K3 random oligonucleotides » i {7
DNA binding assay * 45 4! Eso-1 3¢ % - % &2 B3] L3Rl ¥ it £ Eso-1 £ %3 & 2.
T AT i@ 32| Eso-1 £ F)F i enE ay o

3.Eso-1 & Flenik L # :

(4) RT-PCR and Northern blot analyses

#*# 12 RT-PCR 17 ;% & 47 Eso-1 & Fleh& (BT ) » 'FT AL FTEF 195 X AT
ATA PR 2 ARE R AFDA R 0 FIR Eso-] B B - f3 hizmie 2 4 R
B _EL%,%‘« PAL @ 95 X F] 17 X ) R Pad| 374 ] BE 2 Hend s & ﬁé..“:ﬁf%“« BT ’F"S P

F AR D AR P R PF Eso-1 2 REEF > (SR aur 3 Rl jﬁ"‘iﬂ’ﬁ
Eso-1 ch 3. > § %28 ¢ 2 inner cell mass (data not shown)% #1& *= 2 52 #2542 (ES) i #z 2% 5
Eso-1 # %4 3 o 2 ES cell 12 retinoic acid 3% %4 i* {4 » Eso-1 2 L EP BT '§ o 5 45D
H 22 ES cell 4% & 4p 12 e teratocarcinoma cell line P19 ¢ » ¥ 025 Eso-1 JA Fleh& o @ ¥ =&
9Pz 3 2. cumulus cell » L F Eso-1 7 Flik 3 o %5 & RT-PCR % EST database 73+ %
LS s Eso-1 A %A & AT FE R LIS S iR lwe £ oA Bl K Ef]%‘« » $8p] Eso-1 ¥ &t
B5 P rsg T 5 B oo B Prd Northern blot s 457 /233 Eso-1 A F1 ¥ % 3>t ES cell 2 #F &
w23 %) 5 17kb > e @ 5] Eso-1 > & cDNA B 7i4a e (B #) o

d b2 BEVavEso-l AFA R AR ASRDTIE  FAPE- HAITAIR
e § FE L ATBEso-1 A F] 0 FIUBRAE T E 125 % ~ 135 % 145 % ~ 175X %
ATA L EONA B E I AT A5 A20 X U E AGFIRATLENE F 5%:*;‘3’» RNA
e {7 RT-PCR o j&A 15 % F| e % B 7 (W= AB) - Eso-] mRNA & 47§ w ¢ 47 - &
AP aE ¢ e 35E AT R4 o A T g 125 X BRI K 1P T Eso-1
mRNA 5 & fe A% a% 13.5 % ~ 145 % 2 17.5 = BB 4 18 ;g 3| Eso-1 mRNA e 8 %
oo MA2 (- FZREFLRER 4> 2203 ($=2F) 2REEDEF > S RHZE
4% 48 % 4 IR Eso-] mRNA o 57 B2 R "o ) o B 42 IR Eso-1 A7) e B & B4
< B AR Eso-1 AFrE a4 {89 mie BAniE (T pie o v cnpFdp > 4 8- B
4P im0 (2%) 0 < N4 Pimie d — K Jhie i ¢ B{7 & primodial follicle(80%) -
8% Eso-1 mRNA & % 2R3 P L 3 4 smimre > B 3|4 18 "gF e wie i v > 9P
fnre N g e Eso-] 4 iE rens 4 o

(B) Western blotting




AP i~ T2 A RPR (FRERY RS LS
FVB/NJNarl » = &# BT F ARG & &) P & W > §d 18 > 17 % 3“7 & B 5 rabbit
anti-Eso-1-polyclonal antibodies i& {7 & * Bk & /% 4 45 Eso-1 3¢ ¥ & B (H-= C) > gl
Eso-1 v A+ &+ 5 213kDa> 3453 5% & > Eso-1 3v FLMED = F /L~ 7
i B 4o 1453 > 27 RT-PCR ¢4 L4 % — 3R > 2P| BEso-1 39 %8 F “F wPe (o0 34 » 1% 87 %
FRoTiE A+ o

(C) whole mount in situ hybridization

Flofrdklegid (g0 A e th o e f - B M0 te A i i ie o RIS
ig— 4 12 whole mount in situ hybridization 4 17 “F & e & @ £ F 7 5 “Flwm¥e & IR Eso-1 £
Flo -4 iF ~ e 8 PMSG 2 hCG flgcigie = # {8 > B~ 9P & 2 532 (7 whole mount in situ
hybridization > 12 Eso-1 antisense #£ $-¥ 11 i | “Pfm¥2 ¥ 3 Eso-1 A F1% B> H is ok lmre
24 ME(RABDF) e MAAIL A4 2 124 ih® R P i iemA4 0 4 B3k
hiz % (data not shown)  #- whole mount in situ hybridization & % & ‘e & & {77 & f
2oV F IR Eso-1 R F & - Mk A F e (B~ F)e 8- LR #F LT primary follicle
% secondary follicle ¥ 2_ %P 'm?& % 3. Eso-1 7k %] > @ primodial follicle ® 2z_ 3t Bk o

(D) Immunohistochemistry
WA F R F R RDFEREso-1 I AR AP w Y o e P A% 2 3 P i
H LB Eso-1 v 2 EARZ (W)

(E) Immunocytochemisty

BE YRR T heEso-] AFR e b - BARAT AR AT BE
@ RT-PCR e % BF o1 = 34 9P ‘o2 48 (5 D92 95 % 7 3| % B % 0 Eso-1 3 Flehd £ P &g ik
BrtE 14 3 92 8P (blastocyst) fS B F O E e TR0 F]p A R 4R 0 Eso-1 FuBg iR (7 e
ELI (RL) 587 " Eso-l kv b—- Blae il Booiic B cnd > 2 E 4D Blorw
P i B ETEF @ S RB Y 0 gk I (morula)if 3 i E A IR (e gl
(blastocyst) | & -1 & ;2 8 B3] Eso-1 F=v 75 o 24 i F]pt Jaip] Eso-1 £ F1¥ it .- % R
MAF] FIR R L F AT A E R B A TS HAREPRESOTE  JARIH M

216 e e 8 % B A PAenE T OB o

4. Eso-1 & F1 & @ Ferad i

d B Py FRS R AT AP e X EEAY TRRPATIESAY > T DA
s L R0 2§ F2 {8 5 d cytoplasmic polyadenylationc % 1t ## 3§ 1T * g {7 cytoplasmic
polyadenylation ¥ & #* /| L Fl# & & 47 4v + & chpoly (A) tail F]m 5 i @& Fiv % i {7 >
%47 Eso-1 cDNA B 7 3.7 B ¥ 4 e CPE B 71 » & 8] 23 AAUAAA B 7| 2. en 119 %
156 =% (B -+ — )24 i7" 12 RACE-PAT 4 47 4 & ¢ % 'm?2 (GV)~ % = 34 {8 #3F £ metaphase
I1 % fmPe (MID) ~ % #F “P(one cell )2 ES cell ¥ Eso-1 mRNA &_% i& {7 cytoplasmic
polyadenylation o # RACE-PAT 57 PCR # 1% 78 {5 i€ 7 K 7| 4 47 > % I MII 11 Eso-1 mRNA
3’UTR © shipoly(A)& & * 53 903 120 > & H v GV & £ 4 ¢ 2 ES cell Eso-/ mRNA ¥
poly(A)sh& & ¥ 5 40 3| 50 1 > & 7% MII oocyte » 2. Eso-I mRNA £ § cytoplasmic
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polyadenylation eI % o b &% 55 7 Eso-1 A F| ¥ sv 2 H v % it A %] 4o Mos % - % >
%g d cytoplasmic polyadenylation ¥ /% i MII oocyte ® 2. Eso-1 mRNA & Fi* > &m §
Fermre cn R X H T (S 3 P rinavig T 0w d 2 Eso-1 A %] E F cytoplasmic
polyadenylation 3 % » F]}t» #-H & 2 L Cphx(cytoplasmic polyadenylation homeobox
gene) o

5.4 FlH i e 4

Ryt 27 %% 87 > Eso-1 #- Brlme & - M EAIRATF > APimie = HEAR
¢ W 135 X o) RRPAT] = BLener fm e ¢ “,‘;’K’ﬁ Eso-1 5% 35 o = 3 9P 'm P2 X4 {6 0 Eso-1
FHELAB - Bl L iSdEso-]l #BBBE" TR v AaFMESNLIR D
P — 4 T Eso-1 L Flenim?e $k 5 VL5 5F fm e > #7202V i & 8] RNAI £ FliE 78 B> 12 22 % Eso-1
A F R E 7 N kiR Eso-1 2 Flend I 9P mie £ 38 5 B g T i B o

(A). dsRNAI

d 3 Eso-1 1% 2B A Plmre o TP Bl me B — 4 AL Flefad 5 (4 zona
pellucida:ZP3) » # “F im# % — M 14 3 Eso-1 double strand RNA (dsSRNA) » 12 $r 4] #F fm 22 ¢
1 Eso-1 A F1& I o iofd long dSRNA 7 11 i¢ “PimPe 2 5 #9224 RNAi DI % > 21 7 ¢
¢ = °F fm P2 ch apoptosis I % (Svoboda P, 2000) o — & “F fwm Pz & Jcfk F] > e Mos 2 Msy?2
E %ﬁh“} ZP3 Fx#s 4 iE dsRNA i = “PlmPz P BB RNA 23 E 985 X 98 90%% 80%
(Stein et al., 2003; Yu et al., 2004) o 2\ i 14 4p e 51 ZP3 fad + &+ Eso-1 dsRNA » & %
ZP3-Eso-1-dsRNA 2k Flig 78 & > 3£ 31 Eso-1 fh FlZ AP lmie chs 85 1L foip Phgd 7 eb
B

- B 42 ¥ Eso-1 coding sequence 2 Hairpin 2 5% ﬁ%@ 3] pcDNA3.1 (Invitrogen ) FaLH]
4o Bl i fime ¢ 4 IR Eso-1 dsRNA #1 pCMV-Eso-1-dsRNA 48 (B -+ =) o 5 Bl
pCMV-Eso-1-dsRNA & #8 ¥ & ¥ # 3 Eso-1-dsRNA » ¥ it #r 4| Eso-1 39 F £ R 4 > F]
gty et Jfﬁfﬁl TR fhwre ¢ & § A IR Eso-1-flag gk & 3 F 11 CMV2- Eso-1-flag %8 » #-
pCMV- Eso-1-dsRNA £ CMV2- Eso-1-flag » f& 5748 £ #& 4 | HeLa fm*s 2 ¢ > 2 {311 p {7
% & ¢ anti- Eso-1 #88 2 anti-B-Actin $48i8 7 & > & 8Lj2 2 47 > Pl T Eso-1 39 B £ WA
T 4 pCMV- Eso-1-dsRNA #7 % 3R Eso-1-dsRNA #7#r4|d § 2% % % ¥ fv Eso-1 39 F 4 3R
£ ¢ ** 2 pcDNA- Eso-1-dsRNA F i & @ 4 pFipt > > @ dm?e )\ 2 20 B-Actin 36 [ 5
internal control » & F Eso-1 3¢ F % & % M F 4% 7] Eso-1-dsRNA #7r4] o 5§
%A 7 #5048 Alphalmage 7] € 2 % » & pCMV- Eso-1-dsRNA 2-1 iz #4844 > Eso-1 3
vFARETET K 259 0 ¢ 8 3t pCMV- Eso-1-dsRNA3-1 3 17% « d iz 8% 7 %
F % R pCMV- Eso-1-dsRNA /27 ic 53 & — 2.9+ 4§ Eso-1 F~v F %R o

d g g%k (FlL = ) %P 4L pCMV- Eso-1-dsRNA & im?e ¥ & it 59 #7 4] Eso-1
Fv B R o 3 F 2 M- Eso-1-hairpin # £ T > ¥ 33 d Zp3 promoter fris it
2 pRNAi-zp3(Svoboda et al., 2001) == % pZp3- Eso-1-dsRNA ( B+ = )(Zp3 fx#+ p o & 4
Whrimie AP IR frds ) It B4 DNA A QA TR B % 10FT 7 Eso-1 39 i
B i S e o F LAI% Bglll & AfII 4“4 % 4 pZp3- Eso-1-RNAQ SUfE it 12 2 5
it Zp3- Eso-1-dsSRNADNA & £ > 2 {8 A 3238 Ff 2 0 @ MR 43 3V Rt i 18 en
DNA ;. » ] &2 Rht%? > & @ Eso-1-dsRNA zL Fli& 78 | & o ] # AT R L
» ekl DNA i &, s]',% o B4 d REP > T H B - M Erds 3 (Zp3 promoter)is H i e AL F)
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ol Rentrimie ¢ A T o AR 8+ Zp3- Eso-1 % B~ Xk 308 Rp ) BP0 s
F B 106 & AT4 ) R ] R334 2 {8 4 B3P BLE ¥ genomic DNA % 5 4 »
2 primer : IF = IR ( xq‘%\») Fi* PCR> A4 H AFA > 2% 296 &/ 8¢ 5 58 a8
+ 3 Eso-1-dsRNA # 78 7L ¥] (M21 ~ M31 ~ M47 ~M48 ~M50) (Bl+ = )o Bt 58 2 R 2
H s BPw 6o Jhd & wild-type * B2 e fmd T - i o

(B)A Flg s | R 47 7% 4 F]% g (copy number) 4 47

AP T AR T b R ETRAATI AR R Y (tr aved o B ¥
fo fFArt T B LT R G oo gE L F) B oo B BAt o e g AL FIH i 2 A Tl v
& ¥ wild-type /| &z b 4 Jrﬂ; B TAPM > #H o At 7 & A FE A B founder
e genomic DNA £ 7 & = 2L % 7% o Genomic DNA 5 i 1% e "4 s Pst 1 £ 22 3 10§ A o
BIEF =Y SEHEF '*t”n,i‘ Cfe 0 L gt e TR T A G s AR R 4R S
o2 BRI ERY AP YT S EHF RO R FE A TR Bl 75 % (W
S ) FHARTIE RS - ER O AR REE § R 22Kk A ¥ EHE A £
o AR T ",% A 22kb ¥ b & 38kb st € IR F B HAES B
DR A EEA AR T BAA TR (ML ) d BET 0 M21F §
EAATIERHE S > ®5- 2 > i M3 2 MA8 Ao n|4 1A 2@mAT MATH 4 =
PRALT MSOFF A EHAE AT (WL )

C)AFIHEm | Bl @415

‘gg%ﬁuquweiﬂﬁgﬂﬁféﬂim@aﬂﬁﬁﬂiﬁhmﬁﬂﬂé2%%’
H e %,ﬁﬁ;—é—%lﬂmﬁglﬂﬁg;ﬁ 144 &g B L 48/0’*%3‘35_'_%@}3'5 eif @ 2= (50
%) (B3 ) d gtavipe H4r % 4 Eso-1-dsRNA y* # 75 A %] » %014 % | Bisa 5 o
FREFM - %5 ATEH 0 F Eso-1-dsRNA & #2004 & Tl 7w 414 7 chis R i3
SR FlEe e+ S+ @ 5 0 Zp3 promoter #t PF I & S5 # Eso-1-dsSRNA &% 7 ¢ i =
Eip o
b GRS, o /K 15785 B FL Y 539 B& 140 & > @ F1 ¥ 479% 5 A 7F
AR - 2RG 84 L BEAR B 589% 0 F K G 60 & o gk B GG 4206 0

“

)3

|

mohfErh BY o o RG T738 0 ih47% 0 * BL 808 léSS/(ﬁ]*'- Jod M b %

AR BB L P AR F N RAATY R E MG

ol BB R eniAR e o 3 NI BT A S AR - EES S IR g o gt - W BN
TR v B R (159 0109 ) A F ATV i § i 2] BT AL {5 g T
MR ERF F EAL TS B34 5572 o L3P % Eso-1-dsRNA A F1 8.2 £ %
RESIR VM g Bedrg - o] Bldigenomic DNA » M H S #0438 17 PCR v d H & % St
MM G- ] BY X458 29 REFFEAEAT ] R40%
27 &2 F A AT - 60% (BT ) d b % 2% £ F 4 5 78 4 %] Eso-1-dsRNA -

ﬁJWWQ%wmﬁs’iﬁﬁ?ﬁ%ﬁo

(D)A Pl 5 | Rehd 54 4 A 47
d % Eso-1 22 RiLk R AT 14583 #H2 RPEA TR fE > ¥ HTET S
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,ﬁp:};\;‘:ﬁ’a‘g & > Tt > Eso-1-dsRNA A Flig s+ Q& H fh &= 8pvt > £33 45
PMTRNE S g T AR K > LAPR T R e d ) BE S NP B l‘*%" f;?
¥ a E;zmj_?;b Ao g A QARSI FTE > F LA Q4 Tend Nep TR A H A

—
3

iv 4 o LU  Eso-1-dsRNA A Flig w2 R H iws B2 Fend 7 a0 4 0 AP F T

EOR AUEEREL TS A QAR RE LA AYE EATEES R i
SERAFFNF2 B LR L WA (m¢—> d B ¥ a0 M21 ~ M31 - M47 ~ M48
HFl 2 &4 T Apir 5514 7 B i B sofpr QaraTiad 74 8

FRT AP AEALR S E AT G \_;’iﬁfaﬁgquSO HFl* &2 ?;;4 PRI G A
BoEd s A A M50 #EArA hFly 2 B3 BE 4 Tern, Bondind 50 ﬁl%ﬁm‘

- 3

s oz &MSO@%EF%;{ HF1 T &2 HE 2T in 5020357 P HT#Hks ~
€ o PV oA A% BB A FIPF > Eso-1-dsRNA £ Zen§ 1 & 43 # Eso-I mRNA 4 &
knock down 7| &’ FHFRN T MSOF 5 ANEEARLFIFI A B B A T4 T
I % o

Brh s fee BphenF2 ¢ 0 £F 237 & F G EAATL R 1138 BF2 Y 479% 0 @
+ 3 e AL TR R 51 & » ibdgze L F1&L Y 45005 82 F1 vt GilAp v » Fpt > F2 78 AL F) e
[ BPIP A | ES EE J--N T

m\&; <
\tt

(E)A Fl# 7 | & hEso-1 MRNAZ £ 4 45

LA A 7)) B Eso-1 mRNA £ € £ F 729 % I] Eso-1-dsRNA + 3f > #x
Eso-l MRNA 2 LB " K> Flad 2 M50 hF1 2 &4 T4 T Fpr Lz P2dmR L
Aeid 4% F i (real-time PCR) f#iofd 7 R s &2 F Eso-l mRNA 2 RE £ 3 7 ke o

%3k 3+ real-time PCR 731+ pF > 7 4 & 3| genomic DNA ¢ + # Eso-1 mRNA i p]cp
R0 KI5 pF o U intron REF L S S T genomlc DNA 513 5 i LE#H - aig=x
—'ff”? 5@ ? 5 313 22t A intron2 & # I exon2 ¥ exon3 b e

BPew ik E LiFs L 057 e line e F1 A Flig 7 # &89 H fra & %E.%‘« fehbg o
érﬁﬁi%—‘* el Brl o ar 20 P a7 o Bodihfr o m sih 1 5P e i
total RNAs » 2 {$ #- total RNAs & Reverse-transcription {¢ » B~ & cDNA _} real-time PCR -
#-41p) 17 5 Eso-1 mRNA £ iﬁai“,% " Gapdh 3 B8 > YV EFIHE % ” 3 #1 4 IBeh Eso-1
mRNA - 17 g8 & & Eso-1 mRNA £ 8 % (£ 1009% > " & B 7 llne 2_ & » Cphx mRNA
I E L B> kFx T _Eso-1-dsRNA E_% & 7 knock down £ Fl#& 78 & 48 ) Eso-I mRNA
+2BE - fu: FAFEER KPP ? > CphxmRNA 2L E 2 s B s (B+- )
I ’g B M31-M47 & &_MS50 s Eso-] mRNA 2 R & fFn Blfp2 T 225 ¥ A 8
70 & T ew i i fF > Eso-1-dsRNA & = 74 knock down Eso-I mRNA % & o fe &4 ¥
it d e AP REE EED M5S0 ¢ ’Fl A RHE A4 T3 NER IR % o JEPF o A iF
JEFPFE N SRR B A 5o F]pt Eso-1 mRNA £ 3L+ ° > F]p % Eso-1-dsRNA knock
down 7 55 % 10 7 PIAE o #7020 § ¢h0U b if o BUAP & B B TR R 0 32 17 real-time PCR > & %
B (@m-t-= )"‘f T 3 - 2 FleoM21 2 Fl Eso-1 mRNA % & A T "% b » M31
(A EHRAALF]) T~ - MAT (Z2EARTF]) THe 2 ~MA8 (= EEAALTF]) T
4 2 E MSO (NEHEAEATF]) THET S

(F) Cphx** & 5 } enE ix
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AEI M50 e Fl ¥ it Flh Eso-l mRNA £ 8 7% > £R4 T4 TR s 8
FEE SOIB{\‘T%\IEJET“%"#%Q‘*GP Pt AR T 3 G IR EE & §_Eso-1 £ 188
e FrenT Zl.._\rﬂ" %\'”%"f’ﬂ;z ¥ a} ¥ A y%“i?‘é‘é 4 o L 1®3r Eso-1 mRNA
BEOBRZ XIS X nPLY
Eso-1 mRNA # & 7 Qﬁ"g é’ﬁj Ao @z X ;l'J" X ’L‘L"’%m’% TiEARR 0 A RAeimie wre
( primordial follicles ) B 45+ £ i& » 4~ &g ¢ fm? (primary follicles) “pFRF 8L > F|pt 4 o
Eso-I mRNA B4~ £ 2 e BEE A R 4ok i@ fme B 4018 » 4= B jp i@ e SR pEF R
Boo BRI F TR R L NP L - AR TS o AP RRE Figla ¥ GdfY ik
7B FIR Pk N Figl a 858 ~ R4bipie wiew B 44 I 0 @ GdfY RIJEEE »~ 4 3&?/%
e SBAA TR 2 A AT E TR > Vi - B Eso-l 0t M5 - B AT %
SR LM LT DA B T S s R i 3k cDNA 0 A 5|0 Figla 3 Gdp
e151 F fareal-time PCR /8 » (738 % (W-+ ) 5 Gdf9 238 & Eso-1 2% > LA F#E
f.‘é&?" MR ER L G Rk i b3 S T M21 e GdfY 8 Eso-1 7 chd B R Es )
#IEAPT 0 Flt GdfY %iﬂmﬁﬁ@g&’? feFEF 5 Eso-1 e0™ 755 & & X 5| Eso-1 “1ah 47 »
b FiglaZ e > 5 > 5 M47 2 M48 i55 if line ¥ » 4l 2N 30 ip) Figl @ 7 i % I ehpE
R 8L &% Eso-1 > b Figl a ¢ m% ERFEERY s B2 Bring £8 0 %5 4 %
#& 78 Eso-1-dsRNA & F]#7 8 58 1 e & M31 2 M50 iz i line 7 W IRFEH ¢ Figla % &
BAFEARY TR ARG 0 P oAk FIF A 5 7L Eso-1-dsRNA J F] § #3% P &
¢ 6Pt ie chlfcp RS 0 Fm i S Figlgd MEBRS -

(G)rs sk ? Pim? P £ F X Eso-1-dsRNAF: 5

= 7 FEzuEso-1-dsRNA #72 & ¢ > Fig/a mRNA # & cjp > £ £ 75 Pk wn o
“PlmPe B P Rt AT a0 B MB0F2 Y el BLE R Bl A ‘E"%Lq YT EEE L, 1Y
FRAKZ B 1 WA T B rlrr el (B4 ) BtEehirmie o L H KR
pEd ‘f‘:.EL.?T%‘%.'rﬁprimordial % primary follicle~ ™ % % & g2 k30 secondary % antral
follicle A W= 3 8 {5 > BEEFEL2 2 (B4 ) S5t RT3 @E2EL
F)o] B P ﬁP‘f;mPgi ¥adk LAt Erh B (384 :442) > e 7|t #cp =304 zgg;;,i%g]}a\ s
FIPLF i L AR L B At A b RS enrimre B F1T96 0 A i 2 M31 2 M50
w7 i line ® Figla mRNA 2 L& 0 = = b Tt s 2 M31 2 M50 ¢ i line ¥
Figla mRNA # 3 & ~ tg"8 (7 it 5 H # F|F #1g = o
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b
1.Eso-1 mRNA % RAEF:

S BUB T iEARY 0 P5 % 135 X4 gElmre iE K - ,k,)gsg,:g,\ PARERY- RO ,?.Jz,J Eso-1
mRNA 5 & 533 gt PP Ep Eso-1 B defgsko B 8 5 ) i » Eso-1 3% 1§ i
BLSEPERN Po T2 MNP Eso-] TV gt ¥ 0 M4 a4 }“"_53—1’?@% (germcell

cyst) & & v jgie mee (folliclecell) B 4ne Bl=* Bz chérimie > A | K12 {83 2 g
i@ mte e A ¢ Bl ey o A L friete chgk R H o g PEALS RdeiRie (primordial
follicle ) » @ >t 414 18 7 % » Rnimie B 403 7 18 » 42 &g ¢ (primary follicle) > % 21 4 {s
10 % 3 14 % 2 £ 4= %R ¢ & » = %R 2 (secondary follicle )» @ 4 45 & 4 {5 Eso-1 mRNA
AL DR FRAL L ERGA S B3 XI5 T I Bo-l mRNA § A
Mo 2R AREMEIH AT ¥2O%’ﬁﬂ&%§’ﬁﬁ—%%ﬁw,&mz
MRNA & 5 i r 4= Bih e Y S B4E 7 A B4R A gF P w % 7 > 12 mRNA £

R P ARES BT AR O*ﬁgﬂﬂﬂ’ |4 BpEH > §75 R Eso-l  mRNA
;‘UF“E P F 20 gk HBRT R AT L ERY pe 2 Bl we il oA
“Prmie o P A %o #7110 3R Eso-1 mRNA ik total RNAs W& B > > Bt = B g 4 0
BRAzkF A 20 % i o

2.Eso-1 v % 3

Eso-l 3-v H & & i mhenrim®e ¢ o5 Pine foo A P ek b iR
P RE G 0 ¥ sy B 3 Western blot ® F-v M BLATIE o T 0 (e €@ IF“ w28 ¥ {8 Ao Eso-1
B B REHMH e 3 R DEIRE > BI T B HAPH eAEFE Y AR
rlmie o e 0 U E AP me B AnA IR ESO-l B FEE i&i\v ﬁ;‘iﬁ:‘?%ﬁeiﬁr—
R A THENST R B3 MR fb‘"ﬁjgﬁ'ﬁé ® ?ﬁhi}é » i& 17 Western blot » 53¢ Eso-1
Fov AR E O A E TS Pmie e o] F NI rmir SR AEER S

AR ERIFr P48 hgs? » APT g3 Eso-l v FEHOLMAER Tl
e d o RIMEBLE A 0 Fpt R B AMEAR BT 'J e BIMER € R F F s
H4v oo dopt - ko B ARl > T3 VR RAPHEIFFE -

IAKFY %

B E Rl B¢ o M50 iEiE line IR 4 Va4 TF (Foad T LEi G fF
Heh— X )» 4 32— 12 real-time PCR 4 47 » 3 3L 78 &1 Eso-1 mRNA £ L€ %8 i1 » i
SWERST H 2L e F > AR A T 4 9T '8 £ Eso-] mRNA £ I E E KT 4p
BETH > m B - HBfE Eso-lmRNA 2 B4 K F o 2 T v 4 "> 7% &
- f‘m’-’é%“%%i PUEAR R & Eso-1 3t AL ¥ S RAEA AL PN & A Eso-] mRNA %

B S0 EE R AT ALY 0 FIE 40 Eso-l 2 AN T A F > g b
*xa‘%‘ﬁr"#:u FHT LB L0 fRAE B R AP aE M50 F F i A TR Behs i
“P 3¢ {7 In vitro culture ; & §% 5+ dsRNA | X4 9P P » LB A0 F o chpEdp - X 4 9
VET A FER Aok FARY X A4 AVRBREE > Em T Eso-1 BRIAF T i
A2Y S RHFFARDES o

I
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¥ oeb o R daiganz 11%3‘*5 41 > Figla (Factor in the germline, alpha » & - |+ & &4 78
W T e T # SR A TR R o 4 PR Eso-] AR R
£ 5% X0 Jwip| Figlo ¥ i 233 37 Eso-1 % Join b PEELF] o Tt S f?ﬁ 1 Figlo 39 % IR
L ¥ ?h - Eso-1 promoter % #* 4% F reporter gene © — FdE s » me ¥ BLE Figla £ F &
e kz# Eso-1 Eso-1 promoter > & @ 825 reporter gene 774 IR o

¥y e Bl Q9 & s ? o real-time PCR ihig % » 2 P % 3R Eso-1 & GdfY
R ILE A FRPER g FP 3R Gdf9 Vi 5 Eso-1 PR b e T 5T 0 & E KT
Eso-1 e ¥z > 5 7 Z P M — Zh8E o AP IR GdfY b promoter F & £+ reporter gene
1o iy e Eso-1 79 2 G AE AT wmre P i ¥ ELE reporter gene T E o Kk
247 GdfY 2_F E 45X 3| Eso-1 e ¥y

14



2

R &
Boncinelli, E., Acampora, S.R., Pannese, M.D., Esposito, M. and Someone, A.

(1988) Hum.Reprod. 3, 880-886.
Brummelkamp, T.R., Bernards, R. and Agami, R. (2002) Science 296:550-553.

Burglin, T.R., Ruvkun, G., Coulson, A., Hawkins, N.C., McGhee, J.D., Schaller,
D., Wittmann, C., Muller, F. and Waterston, R.H. (1991) Nature (London)
351,703-705.

Burns KH, Viveiros MM, Ren Y, Wang P, DeMayo FJ, Frail DE, Eppig JJ.,and Matzuk MM.
(2003) Science 300:633-636.

Cavodeassi, F., Modolell, J. and Gomez-Skarmeta, J.L. (2001) Development 128:
2847-2855.

Chang, P.Y., Kozono, T., Chida, K., Kuroki, T., and Huh, N. (1998) Biochim
Biophys. Res. Commun. 248, 749-752.

Cillo, C., Cantile, M., Faiella, A. and Boncinelli, E. (2001) J. Cell Physiol. 188:
161-169.

Davis, A.P., Witte, D.P. , Hsieh-Li, H.M., Potter , S.S. and Capecchi , M.R. (1995)
Nature 375:791-794.

De Rebertis, E.M. (1994) The hemeobox in cell differenitiation and evolution. In :
Guidebook to the Homeobox genes, Douboule , D. (Ed) , Oxford University
Press, New York , p11-23.

Ding, H., Beckers, M.C., Plaisace, S., Marynen, P., Collen, D. and Belayew, A.
(1998) Hum. Mol. Genet. 7: 1681-1694.

Frohman, M.A., Dush, M.K. and Martin, GR. (1988) Proc. Natl. Acad. Sci. USA
85: 8998-9002.

Gavalas, A., Davenne, M., Lumsden, A.,Chambob, P. and Rijli, FM. (1997)
Development 124, 3693-3702.

Gehring, W.J., Qian, Y.Q., Bileter, M., Furukbo-ToKunaga, K., Schier, A.F.,
Resendez-Perez, D., Affolter, M., Otting, G. and Wuthrich, K. (1994) Cell 78,

211-223.
Gehring W.J. (1996). Genes Cells 1,11-15.

Kappen, C., Schughart, K. and Ruddle, F.H. (1993) Genomics 18, 54-70.

Li, H., Tsai, M.S., Chen, C.Y.,Lian, W.C., Chiu,Y.T., Chen, G.D.and Wang, S.H.* (2006) Mol.
Reprod. Dev. 73, 825-833.

Liang L, Soyal SM, and Dean J. (1997) Development 124(24):4939-4947.

Luoh SW, Bain PA, Polakiewicz RD, Goodheart ML, Gardner H, Jaenisch R,and Page DC.
(1997). Development 124(11):2275-2284.

McGinnis , W., Levine , M.S. , Haefen , E. , Kuroiwa , A. and Gehring , W.J .
15



(1984) Nature (London) 308, 428-433.
Mendez R and Richter JD. (2001) Nat Rev Mol Cell Biol 2(7):521-529.
Monaghan, A.P., Davidson, D.R., Sime, C., Graham, E., Baldock ,R.,

Bhattacharya, S.S. and Hill, R.E. (1991) Development 112, 1053-1061.
Payer B, Saitou M, Barton SC, Thresher R, Dixon JP, Zahn D, Colledge WH, Carlton MB,
Nakano T, Surani MA. (2003). Curr Biol 13(23):2110-2117.

Rajkovic A, Pangas SA, Ballow D, Suzumori N and Matzuk MM. (2004) Science
305(5687):1157-1159.

Ramirez-Solis, R., Zheng, H., Whiting, J., Krumlauf, R. and Bradley, A. (1993)
Cell 73, 279-294.

Silberstein, G.B., Dressler, GR. and Van Horn K. (2002) Oncogene 21: 1009-1016.

Soyal SM, Amleh A, and Dean J. (2000) Development 127(21):4645-4654.

Svoboda, P., Stein, P., and Schultz, R.M. (2001) Biochem. Biophys. Res. Commun. 387,
1099-1104.

Svoboda, P. (2004) Cytogenet Genomes Res. 105, 422-434

Stein, P., Svoboda, P., and Schultz, R.M.(2003) Dev. Biol. 256:187-193.

Takahashi, K., and Yamanaka, S. (2006). Cell 126, 663 - 676.

Tong ZB, Gold L, Pfeifer KE, Dorward H, Lee E, Bondy CA, Dean J, Nelson LM. (2000) Nat
Genet 26(3):267-268.

Yu, J., Deng, M., Medvedev, S., Yang, J., Hecht, N.B., Schultz, R.M. (2004) Dev. Biol. 268:
195-206.

Wang, S.H., Tsai, M.S., Chiang, M.F., and Li, H. (2003) Gene Expres. Patterns, 99-103.
Wu X, Viveiros MM, Eppig JJ, Bai Y, Fitzpatrick SL, and Matzuk MM. (2003) Nat Genet
33(2):187-191.

16



Kﬁ-]%] :

Helix 1 Helix 2 Helix 3 % Homo logy

ES0O-1 HSKPRHEF SRDELEKRLKOEFAYAPY PDEFTTEKDEL AROFQCEVSVIDHWEQOHERARL APEL (M) 1 00%

ESH9 QRRS-TT--N-QIDA-ERI --RTQ---V¥-RE---Q03TGLTEARVQV--5-R----FKQ- (Dm) 36%
BIXZ -RRR-TVY -PSD-A--E-¥Y-QINM---THQRE---—— MGLPE-R-QV-—---R-SKAFROQG (X1) 35%
0Go HRRE-TT--VGQ-VE-ERV--AR---—-I5-REH--QVIHL PEAK-QV----R—-FRIFDE (Mm) 35%
CDP LK---VVLAPE-KEA--RAYQQK---3PK-IE---T-LNLKT-TVI---H-¥Y-3-IRR-- ([(Rn) 38%
Cux-1 LE---VVLAPE-KEA--RAYOQK---5PK-IE---T-LNLET-TVI---H-¥-5-TIFR-- (Mm) 35%

Mm:Mus musculus, Dm:Drosophila melanogaster, Xl:Xenopus laevis

Rn:

Rattus norvegicus

Bl- ~ #daiplen] & Fso-1 kiR ko B 72 H 6 kiR R0 F 5 ant
oo FRING A T 2 B Fso-1 #p e B 7] o Eso-1 5 1345 NCBI T E + + &
Eso-1 #4555 7] (XM_577474) #r4aplcnle had-v B2 HAE LA RE L2
B4 f81F P16 k3R> CUX-1 & R cut-related sk ik 48 3¢ (Vanden Heuvel
et al., 1996); BIX2 & 2t RNiE ¥ chfe 44 -9 BIX2 (Tada et al., 1998):
CDP #_+ & # CCAAT displacement ¢ (Yoon and Chikaraishi, 1994) ; BSH9
H %P gooseberry v (De Graeve et al., 2004); 0G9 % -] Renfe k44 3
v (Cinquanta et al., 2000)
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A

11 1
GGOGAGGGRAGG
1 411 1

AGCATCTGCTTATATTATCAGTAACCAGAAALAGTTATTTCTCTCTTCTGCACCGAGCAAGGT CTGAGATT GG AGGTTTCCAGC
ATGCTTTCAAMAAATTTTCCTGGCGCTCCAGAMC AALAGAC AAT CGC AG CABAGC AAGARAGCG ATATGGAAGC AG AMAC
M L S K NF P G A P E T K D NR § K AR KR Y G S R N

TCABAACCGAGACAT ABATTTTCCAGAGATGAGCTGAAGAGACTTAAMC AAGAATTT GCATACGCTCCTTACCCGGACTTC
€ K p R H K F S R D E L K R L K G E F A Y A P Y P 0 F

ACCACCARGGATGAGCTOGCCCGGCAGTTCCAGTGTGAAGTGAGCGTGATTGACAACTGGT TTCAGAAT ALAAGAGCC AGA.
I 1T K D E L & R @ F @ € E ¥V S % | D M WF @ M KR A R

TTGGCACCAGAAT TGAARAGCAAAAT TTCTGCCATGAGAAGAATGCG CAGGTGCCAAG ACTACAT GCGT ACAGGT CACCAG
L A P E L K S K I S AMPRRMUERERTC®GE@UDYMRBR TG HG

GATACCCAGCCCCCAASMMGCTTCTGG TGRAACAGTACAGCTCATGTGACTCTGTGGTCCGAAGCATCGGAAGGCAATCAATT
p T @ P P K A S G E @ Y s 5 C D SV VRS | 66 R @ 5 |

GGCACTGTGGAGCATCAAGGGECCECTOG AMGGGANTCTTCTTTCAGACCAACAAACTTTACTTTTCCCCCTGTGTATGAG
G T ¥V EH Q@ G & A GR E S S F RPTMNTFTFPP VY E

CAGTATTATATGGGTOCACCAGCTTOCACGACACAGGAARACCCAATATTTCACATTICTCTTACTGA
Q Y ¥ M G b a L E T @ E T @ ¥ F T F s Y *

CAATGTTCCTTGTAGGCAGOGOCAALGGTGOOTGOATTGTAACTGTTCCOC AAT GC TCCCAGGAC AGCAGCAGAAT AACTS
GGAATATCAGCAACCACTGCAGCATCCTCAGAGCT ACCAAGAG AGGGTCCOGATGGC AGACTGGCTCGTTGTAC ACCAGAG
TCAGAGAGAT GG AG AC ACAGCAGGCACTCAGATGCTCC TTGGECAGCTGCAGTE AGT GTTCCACC ABAT GCTGCTTTGGET
ACATGGGCAGCAMGG GACTGCTGAC AGTGTT AL TCCTCAGGAGAGC AGTCCT GTCAAMAC AT ACAAGCTTCACCAATTTAG
ABAGC AGC AT GAGGGGCT AAMGTGGAGT CC AGGAG TCTCAAC AMAGAT CCAGGGT TCCCATG AGTGATTC TAG AAGAGGAA,
GGTTGTGACCTTGTCCTAGCTATAAGCC T 7777777 CCTTCCCCTCACTGTCAGGCATATCAATGCTTTTAACTTC
TATGGACCAGATTGGCCAATCTICTAGGACTCCTGGCAGGTGCTGT T AGALML ABAGGAAAGOGCAGGGCCAGCTTGTCCAA
TCCAGCCTCCAGGGCCTCAGT AGCCAGT GGCAGCCT BAGEGECTT TG ACCT TCTCAGT GGCTCCARGTC TGAGGGAGGTCT
GACATCATGTTCCCCAGAGT ATTGAGCTCCTGGGTCAGCTGTCAGAGCCTAGCTACAAGTTTAGATGGTCACTATTGGACT
GTTCCAATTTTAGATGTAGTGG AGAGAGTT ATCCAGAGAGCCAGTGCTCAT TTGGCC AMATAGG CAMATASGAAGTTTACC
CTTGTTAACCTGGAGGTTATTATTGTTAATGTCTTCCCCTCCTAACT CCCTTGAGGGTTTTITTIGTTIT FATIT7TATTITAGG
ATGCTGCTTAGATTATTAGAGG TTTTATITCT AGAGGAG AC AATCAACT GTTGTAACACTTTAT AAG ACGTGAMAAG GT GG
AGGGAGTGTATTCAGAGTAT GAGACT GTGAAT ACACATTGTATACAAG TG TTACGTTGTCCAAG AAT GIBAT ARAAG ATAT T AAC
TTCCAAACC

Bl = ~ Fso-1 A F]=DNA R 51 2 #&i?ﬂﬁﬂ%é B R 7| o Fso-1 35 F1ecDNAR 7] > & 12
ZAnplH Arip R VR B | B Eso-1 eicDNAR 7 & 2 & 5 1710bp:
iéér»;’:x’. 182 B rekpk o @;b‘#&ﬁrﬁ% (ATG) % AAR TR ¥ > e 2 (TAA)

% gifke > P epolyadenylation B =S £ 7 0 @ iR da B0 B AT A
BOURRAET o BT A E B Y S A5 AK049114 hB SRk ke 1 E
Pl 7| VAR endicF 5 3 e Acde st NI ME F o Y b RRE T N2 B
i lm e R polyadenylatlon % (CPE) > 4 %] & > UUUUAUUU»# 2 UAUUUUAU -
Eso-1 chy H e B 5 ¢ k5 teGenBank ¥ 218 - % 315045 5 DQ224405
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W=~ ] & Eso-] AF A FHY che L84 o At Fso- Jéqng,i,ym:
LA A3 RPN > 7 F 2 B exon (E1I-E4)- B: 2 ¢ “?‘1"\‘»‘;"5”\:‘ v
BawRE > I R A RRASEE A0 124 5 2L EER S - Introns < )
ﬁrﬂb’ﬁﬁ?—:ﬁ c MERATA T ENE 2 B o AR FTY Y AR E'Jrﬂsl—r ° Bso-1 i
gD F 5w B exon P B amRNA o Ct Bso-/ =t & #4015 = T exon

%‘ﬁxmmRNA B Eso-1 A FIRE L A oehA o] R gEER Y B ehs 'J T ho b oo
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PLocell
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2 PIOONV2-ESO-] —
3 PIYONN2 —
4. P19 CNV2-ESO-] —
Ble ~ #-CMV2-Eso-1 # {48 » P19 twre kv (7 v 200> 2 53870
L% 0 » 47 anti-Eso-1 #148%c% - Lane 1~ 3 % 3 CMV2 vector only > %
f x4l lane2- 4> 2 A 3 Lso-1 & F1e (MV2-Eso-1-Lanel ~2 1% anti-Eso-1

iR 7 3% laned ~ 4 14 anti-Flag 88 & 7 7% - C(MV2-Eso-1 g & F-—v =
% 22.8 kDa -

Anh-ESO-]

: Anti-Flag
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B~ Fd RT-PCR A 47 B Fso-] &7 b e 2 7 I lwie th e i A o ]
* B-actin e cDNA % mRNA ¥ 5 RNA ®l &% & A7 enfrdlie o

A BRRR T EARY AR F fchd B SR fso-/ nRNA 0 A o i iniR
dmie 2 o RPE P T ERF G ABEE (L% 1593bp; K& 1 686bp) Fso-/
e1cDNA % 3R o B, £so-1 "5 % kw0 3 e PEHP 22 9P fm e cn & LIS o C. Eso-1
BAATE I RAFEAS {8 iR mie kR P19 ¥ end T3S o D, Eso-/
BA e T P e K P L IR 9 PniR e fso-] 0 TG positive
control » E. F£so-1 % 3 trimPe & & %7 % w* (cumulus cell) -

(A) ES 232 rpi2/m®e > 9.5~11.5~12.5 0% 17.5 2" 28 7 ehx k- (B) UF
LREH O F AZH 20 55 mrepEd o MO L & o BL LRl
(C)ES/RA 5 54 1 uMRA @5 % P19 5 S2P5wd Pnsim?e > P19/RA 5 02 1 uMRA
LA X o (D) pirfed 18,5 A dehfr L wk (13.5) #72 ] & (NB)» -
¥+ ] & (lw) negative control (-)-
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1234567801011 12 ETEILELSEL

A :

C

CASICET e e Actin Punz_‘g Actin

Bl o~ A BREE AT fso-] B MR L wre R LD oA
BLE AT R 2 28 RNA - BB Eso-1 43R - B, ~ 4% Eso-/ nRNA = &2 78
R g imie ¥ chd AT o Co 4 47 £so-1 mRNA & % kwie fR¢ ehd gk
wooD. 247 Eso-ImRNA &7 [ prdp ir o ® cnd A5 B, E: g E 10 P i ]
U:3% oD, E7T:9%r5% 7= ;EIl %% 11 = ;E15:"%%:% 15 % ; EIT:
2 P5% 17 % o Actin % % loading control -
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Bl—- ~ 2 RT-PCR 2 Western blotting 4 7 £so-1 mRNA % F-v %A -] &
F g T R e s hd ) o (A) 4 RT-PCR @Rl #r & (ovary)
% % 1 (testis) ® > £so-1 mRNA en& 38 > E12.5 : 52758 5 % 12.5
Toptgpda  NBiATA P B3D A (S % = ) B gt EdE S adult
A2~ F+ ] B (B) M7 %% A% rabbit anti- Eso-1 polyclone
antibody i& {7 & = &2 P2 T|2 ) B & i 2 §-9 > 1 f] Eso-1
3ov 2 WABH > (+): 5 ¥ ehEso-1-6¥His £ Fov o
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30 X sense 30 X antisense
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50 X antisense

oo
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B~ BE2EEREFE ST Lso-] T o P-4 %~ B

22 sence probe (A) frantisence probe (B) #7422 5 s o C % D: B A
BB e 4 o HEE BT A AT AR feo-] s o (D)
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2F : = & r fm#e (secondary oocytes); AF > 2% P fm®2 (antral oocytes) °
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Pre-immu Anti-Cpft

B4~ g esis 844 2 il Cphx(Eso-1) fefr & fe sk @ chd i
% o Pre-immu : §1* protein-A ¥ i i - rabbit normal serum i
Al E (TR %o Anti-Cphx : 1% 536 % f* drrabbit anti-Cphx 48 >
MR Cphx fefr i @ nd i} o 4 87 97dp 5 #88  p1 3] Cphx 3+ 4 3
[l -
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Pre-unmune IgG Anti-Ezo-1 antibody

Brght DAPI  Alexa Fluor 594  Bnght DAPI  Alexa Fluor 594

Bl MR F KR R Fso-] ¥ hm iainp & Renii A it imre & pEdp
4Bl #rT 0 1 cell 2 XHer— BlmrepFdp 5 2 cell 27 B P ; morula %
& ¥ ; blastocyst & F il - Bl AV A SEL A DY AL FEFEI ;B
+ R &1 & oanti- Fso-1 #A8:8 74 4 o9 *s¢ A4 #8 DNA 4 DAPl i& 74 ¢ >
B¢ TRES - ra? ESO-1 3o B FITCE Y » BlY TR o
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IV GV WNII 1cell ES

CTTGTTRRCCTGERGGTTATTATTGTTRRTGTCTTCCCCTCCTRRCTCCCTTEGRGGGTTTTTTGTTTTATT AT
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GRETGRATRLLL GATERTTRARCTTCCRARRB CCanaaantacctgtatgtagacttttttotttagoocanatanagatte

A
3 L

B+ - \%gdRME%%TQﬁ%%ﬁéi~$§w%££$%¢ﬁﬂwm%ﬂ » 2 Eso-1
A, o A Mo Marker s GV @ 8 5 ¢ avérim?e 5 MII ¢ &>t metaphasell 7
Pz 5 ] cell  XA4FeP ; ES: arsgrime o Bl Fso-1 cDNA B 7P > = =
2L ¥ % 2 T ¥ polyadenylation & £ B f s 22 % o RARET F 5 PP
polyadenylation =¥ - 4 ¥ #fdpchi= ¥ & & f& polyadenylation # Fe 7 2] %
(S% L)ez &359147 %8 5 AK049114 & 5|2 8- S:short cleavage site

L : long cleavage site
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Bl 2_Eso-1 Fv £ &

28



ZP3 cassette + Cphx RNAI

Zp3 EGFP " transgene

B+ = ~Eso-1-dsRNA er#rim®e % — 2 L M - Jpd 5 - B o - A
Pimie ¢ & Rerfad+ o M H ArErds e Eso-1 long dsRNA & ¢ AP lm
e e £ IR o
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A Novel Maternally Transcribed Homeobox Gene,
Eso-1, is Preferentially Expressed in Oocytes and
Regulated by Cytoplasmic Polyadenylation
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ABSTRACT The homeobox gene families play
important roles in the transcriptional regulation of gene
expression prior to and during embryo development. To
identify novel homeobox genes expressed in early
embryonic development, we conducted a degenerated
oligonucleotide polymerase chain reaction (PCR) to
screen a mouse embryonic stem (ES) cell cDNA library.
A novel homeobox-containing gene, E£so-1, which is
preferentially expressed in ES cells and ovaries, was
identified. The full-length Eso-1 cDNA was found to be
1,710 bp with a predicted homeodomain that has no
significant homology to previously reported home-
odomain proteins. Eso-1 was mapped to chromosome
14A3. Reverse transcription-polymerase chain reac-
tion (RT-PCR) analyses showed that Eso-I was
expressed through oogenesis and continuing to be
expressed through to the blastocyst stage. De novo
expression of £so-1 started at 13.5 days postcoitum in
the ovaries, which coincides with the initiation of
oogenesis. Northern blot analyses demonstrated that
Eso-1 is preferentially expressed in both ovaries and ES
cells as a 1.7-kb transcript. Results from whole mount
in situ hybridization revealed that Eso-1 in oocytes
showed increased expression from primordial to antral
follicles. The 3’-untranslated region of Eso-1 transcripts
contained cytoplasmic polyadenylation sequences
while the length of poly (A) tails changed during oocyte
maturation, indicating that Eso-1 expression is con-
trolled by time-dependent translational activation. We
suggest that the novel homeodomain protein, Eso-1,
plays a role during oocyte maturation and early

embryonic development. Mol. Reprod. Dev. 73:
825-833, 2006. © 2006 Wiley-Liss, Inc.
Key Words: homeobox gene ovary; cytoplasmic

polyadenylation; oocyte maturation

INTRODUCTION

Mammalian oogenesis is a complex process regulated
by the expression and interaction of a multitude of genes

© 2006 WILEY-LISS, INC.

(Song and Wessel, 2005). An oocyte must undergo
several developmental transitions during which it
synthesizes a unique set of proteins to support fertiliza-
tion and early embryonic development. Thus, the genes
expressed specifically at the oocyte stage may play
important roles in fertilization, preimplantation, and
folliculogenesis (Dean, 2002). However, little is known
about gene expression profiles within an oocyte during
oogenesis and how these oocyte-specific gene expres-
sions are regulated. Although it has been speculated
that several hundred genes participate in oogenesis,
only a few have been identified so far (Ko et al., 2000).
The elucidation of more oocyte-specific expressed genes
will improve the understanding of the process of
oogenesis and early embryo development.

During oogenesis, a large number of maternal
proteins are synthesized. They accumulate in the
oocytes prior to fertilization and are utilized in early
embryogenesis (Song and Wessel, 2005). During meio-
sis, germ cell genomes are transcriptionally silenced.
Following fertilization, embryonic transcription is first
detected at the late one-cell zygote stage and is required
for development beyond the two-cell stage (Latham
et al., 1993; Schultz, 1993). Hence, the oocyte-to-embryo
transition depends on the maternal transcripts and
proteins accumulated during oogenesis.

The functions of only few maternal-effect genes have
been characterized by gene disruption experiments, such
as maternal antigens that embryos require (Mater)
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(Tong et al., 2000), Zygotic Arrest 1 (Zarl) (Wu et al.,
2003), Stella (Payer et al., 2003), and nucleoplasmin2
(Npm2) (Burnset al., 2003). Early embryos lacking these
maternal-effect genes exhibit developmental defects and
embryonic development is arrested either at the one- or
two-cell stages. Other oocyte-specific genes have been
identified by in silica cloning, however, it is unclear
whether the transcripts of these genes are translated
(West et al., 1996; Rajkovic et al., 2002; Paillisson et al.,
2005). As mouse oocytes growth, they accumulate
transcripts that are either translated directly into
proteins or stored for later activation by cytoplasmic
polyadenylation. Cytoplasmic polyadenylation requires
two cis-acting sequences in the 3’-untranslated region
(3’'UTR): the conserved nuclear hexanucleotide polyade-
nylation signal (HPS), AAUAAA, and the cytoplasmic
polyadenylation element (CPE), UUUUA;_,U (Mendez
and Richter, 2001). In general, the poly (A) tails of
dormant maternal mRNAs are elongated (from 20—50 to
100—-150 nucleotides) during oocyte maturation and
then linked with translational activation (Richter,
1999). A number of maternal mRNAs essential for
successful oogenesis and early embryogenesis in mice,
such as c-mos, tPA, cyclin B1, and Hloo, have been
shown to require cytoplasmic polyadenylation for trans-
lational activation (Huarte et al., 1987; Gebauer et al.,
1994; Tay et al., 2000; Tanaka et al., 2001). This time-
controlled translation is a general process guiding the
oocyte to embryo transition (Oh et al., 2000). However,
the molecular mechanisms that activate maternal-effect
genes and regulate their products are largely unknown.
In addition to the above translational control of maternal
mRNAs, transcriptional activation of oocyte-specific
gene expression is also thought to be required for
completion of oogenesis and early embryonic events.
However, the transcriptional regulation of oocyte-spe-
cific gene expression is still poorly understood.

Transcription factors that regulate oocyte gene
expression, such as Zfx (zine-finger transcription factor
on the X chromosome) (Luoh et al., 1997), Nobox
(newborn ovary homeobox-encoding gene) (Rajkovic
et al., 2004), and Figo (germ cell-specific transcription
factor), play important roles in fertility (Liang et al.,
1997; Soyal et al., 2000). Mice lacking Zfx have a reduced
number of oocytes and diminished fertility. Disruption
ofthe transcription factor, Nobox, results in infertility in
female mice, while male mice are unaffected (Rajkovic
et al., 2004). Figa regulates the coordinated transcrip-
tion of three ZP glycoproteins and plays an important
role in primordial follicle formation (Liang et al., 1997;
Soyal et al., 2000).

Homeobox gene superfamily members act as tran-
scription factors regulating gene expressions during
developmental processes (Gehring, 1987). In this study,
we have identified a novel homeobox gene involved in
oogenesis and early embryonic development. It is
specifically expressed in oocytes and embryonic stem
(ES) cells, and was cloned and named as Eso-1. The
expression patterns of Eso-1 suggest that it might be
regulated by cytoplasmic polyadenylation during oocyte

to embryo transition. Eso-1 should be a new maternal-
effect transcription factor and might play an important
role in oogenesis and early embryo development.

MATERIALS AND METHODS

Degenerated Polymerase Chain Reaction (PCR)
Cloning of Novel Homeobox Genes

Degenerated oligonucleotides were designed based on
the highly conserved helix 3 amino acid sequences of
homeodomains, and then polymerase chain reaction
(PCR) amplified from a murine ES ¢cDNA library as
described previously (Li et al., 2002; Wang et al., 2003).
One of the novel homeodomain-containing DNA frag-
ments were cloned, sequenced, and then the sequence
used to search the EST database. The EST clones that
had sequences matching this novel homeobox gene were
derived from egg to blastocysts. Longer cDNA fragments
of this homeobox gene were obtained by reverse
transcription-polymerase chain reaction (RT-PCR) from
ES RNAs using primers according to the sequences of
these EST clones. The PCR products were then cloned
and sequenced. The DNA sequences obtained were
compared with the sequences in the GenBank, EMBL,
and dbEST databases using the BLAST program. Based
on the ¢cDNA sequences, gene-specific primers were
designed to screen the expression profiles of this novel
gene during mouse development. The complete
sequence of this novel gene was constructed using the
sequences in EST databases and by 5'- and 3'-RACE
(rapid amplification of cDNA ends) reactions.

Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

Two micrograms of total RNAs from different adult
mouse tissues were used for RT with the Superscript II
system (Life Technologies, Carlsbad, CA). The expres-
sions of Eso-1 were confirmed by the following primers:
P1, 5-GCTCTCTTCTGCACCGAGCAAG-3'; P2, 5-CC
TGGCGCTCCAGAAACAAAA-3'; P5, 5-CAGTAAGA-
GAATGTGAAATATTGGGTTT-3'. These primers were
designed to span an intron sequence (Fig. 1B). P1/P5 or
P2/P5 primer pairs were used to amplify Eso-1 cDNAs.
As a positive control, expressions of B-Actin were
confirmed using the following primers: Actin F: 5'-CC
CTAAGGCCAACCGTGAAAAGAT-3’; Actin R: 5'-ACC
GCTCGTTGCCAATAGTGATGA-3. In the 5-RACE
reaction, primer P4 and P3 were used as gene-specific
primers in the first and second round PCRs. P3, 5'-TC
ACCAGAAGCTTTTGGGGGCTGGGTAT-3'; P4, 5-GC
CTTCCGATGCTTCGGACCACAGA-3'.

Animals

Mice were maintained in a specific pathogen-free
environment under standard laboratory conditions and
experiments conducted following the guidelines of the
institutional animal committee.

RNA Isolations and Northern Blot Analyses

Total RNAs were extracted with Trizol reagent
(Life Technologies) from adult mouse tissues. Twenty
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Fig. 1. Genomic structure of mouse Eso-1 genes. A: Eso-1 gene is
present on chromosome 14A3 containing four exons (E1-E4). B: Solid
regions denote protein-coding portions, gray regions denote the
homeodomain, and empty regions denote the untranslated regions.
The sizes of introns are indicated. Arrows label the positions and
orientations of primers used in this study. The major transcript of Eso-1
contains four exons. C: The minor transcript of Eso-1 contains three
exons. The lengths of mouse Eso-1 genomic DNA and transcripts are
indicated.

micrograms each of total RNA was loaded and separated
on 1.5% agarose/formaldehyde gels and transferred to
nylon membranes (Amersham Pharmacia Biotech,
Piscataway, NJ). The membranes containing poly A™
RNAs from mouse embryos, adult mouse tissues, and
mouse cell lines were purchased from BD Bioscience
(Clontech, Palo Alto, CA). Blots were prehybridized in
buffer (0.2% SDS, 5x SSPE, 5x Denhardt solution,
100 pg/ml sheared salmon sperm DNA, 50% formamide)
for 2—4 hr at 42°C. The blots were then hybridized
overnight at 42°C with 3?P-labeled Eso-1 DNA frag-
ments (53—-645 bp) in the same buffer. Following
hybridization, the blots were washed with buffer
@2x SSC, 1% SDS) at 65°C for 20 min and then
autoradiographed. The same blots were rehybridized
with B-Actin probe after the washing out of all isotope
signals.

Oocytes/Embryos Collections and
RNA Isolations

Full-grown, germinal-vesicle intact oocytes (GV
oocytes) were obtained from needle-punctured ovaries
of 21- to 24-day-old female mice, which had been injected
with pregnant mare’s serum gonadotropin (PMSG,
Sigma-aldrich, Louis, MO) 46-48 hr earlier. The
surrounding granulose cells were separated from
oocytes by pipetting. Ovulated oocytes (metaphase II-
arrested oocytes) were collected from 4-week-old female
mice, which had been superovulated with PMSG and
human chorionic gonadotropin (hCG, Sigma-aldrich).
Cumulus cells were separated from oocytes by a short
incubation in M2 medium containing 500 pg/ml hyalur-
onidase at 37°C. The oocytes were then washed several
times in fresh medium. Zygotes (one-cell embryos) were
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collected from the oviducts after mating. Two-cell
embryos, morulas, and blastocysts were collected 36,
60, and 84 hr after mating.

RACE-PAT: A Modification of the 3'-RACE
Protocol for Detecting Polyadenylation

Changesin thelengths of poly (A) tails were studied by
RACE-PAT analysis; a modified reaction of 3'-RACE.
First, total RNAs from oocytes were isolated as
described previously (Salles et al., 1999), then total
RNAs from GV oocytes (n=100), metaphase II (MII)
oocytes (n=100), fertilized eggs (n=100), and ES cells
were reverse transcribed using an oligo (dT)/adaptor
primer (5-GCTGTCAACGATACGCTACGTAACGG-
CATGACAGTGT5-3'). One-twentieth (equal to five
oocytes) of the obtained cDNAs were used in 25 ul PCR
reactions with P6 and RACE 3'-nest primers (P6, 5'-AT
GTCTTCCCCTCCTAACTCCCTTGAG-3’; RACE 3'-
nest, 5-CGCTACGTAACGGCATGACAGTG-3). The
amplified products were separated on a 6% nondenatur-
ing TBE-polyacrylamide gel and visualized by EtBr
staining.

Whole Mount In Situ Hybridization

Ovaries from 4- or 8-week-old female mice, treated
with or without PMSG and hCG, were collected for
whole mount in situ hybridization. After washing with
phosphate buffered saline (PBS), ovaries were fixed in
4% paraformaldehyde in PBS. The ¢cDNA fragments
amplified with P1 and P5 primers were subcloned into
pGem-T Easy vectors (Promega, Madison, WI). The
sense and antisense riboprobes were prepared by in vitro
transcriptions using SP6 and T'7 RNA polymerases with
digoxigenin-UTP (Boehringer Mannheim, Indianapolis,
IN), respectively. Whole mount in situ hybridization of
ovaries was performed as previously described (Correia
and Conlon, 2001). After hybridization, the ovaries were
refixed in 4% paraformaldehyde and OCT embedded.
Seven-micrometer sections were cut and counterstained
with methyl green for 10 min. These sections were then
mounted before observation.

RESULTS

Identification of Eso-1 by Degenerated
PCR and EST Database Analyses

To identify novel homeobox-containing genes invol-
ved in early embryonic development, we conducted a
degenerated PCR screening of a murine ES cell cDNA
library. APCR product containing a novel homeodomain
sequence was identified. The DNA sequence of this PCR
product was used for a BLAST homology search of the
database at the National Center for Biotechnology
Information (NCBI; http:/www.ncbi.nlm.nih.gov). Sev-
eral EST clones were found that were highly homologous
to this PCR product. These clones were derived from
eggs to 3.5-day mouse embryos. The majority of these
clones were derived from unfertilized and fertilized
eggs. In addition, one clone (AK049114) from a Riken
full-length-enriched ES cell ¢cDNA library was found
containing almost the same sequence as this PCR
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product. Based on these database sequences, the full-
length ¢cDNA of this novel gene was cloned by RT-PCR
amplification from ES RNAs and then sequenced.
The sequence of this ¢cDNA was further used for
a homology search with Ensemble Genome Data
Resources (Sanger Institute, http://www.ensemble.prg/
Musmusculus/). The result indicated that this novel
homeobox-containing gene is located on mouse chromo-
some 14A3 (Fig. 1A). The partial cDNA fragment from
PCR amplification was also used as a probe for
preliminary Northern blot analysis and to design
primers for RT-PCR analyses to determine the expres-
sion pattern and transcript size of this novel homeobox
gene. After preliminary Northern blot and RT-PCR
analyses, this novel gene exhibited ES cell and oocyte-
specific gene expressions, so we named it Eso-1 (ES cell
and oocyte expressing gene).

To authenticate and search for other 5’ ends of Eso-1
gene, we performed 5'-RACE analysis using ES RNAs as
templates. To increase sensitivity and specificity, two
different Eso-1-specific primers, P4 and P3, were used in
two successive rounds of nested PCR (Fig. 1B). Several
5'-RACE clones were subcloned and sequenced. Multi-
ple 5" ends of Eso-1 transcripts were mapped upstream
of the previous 5’ site of AK049114. Figure 2A indicates
different transcription start sites of Eso-1 transcripts.
Full-length Eso-1 was longer than that of AK049114.
However, the 5'- and 3'-splice sites were found to be the
samein all RACE clones obtained and that in AK049114.
Thisresult confirmed the existence of all predicted splice
sites and the 9.3-kb, 2.7-kb, and 0.093-kb introns located
in the Eso-1 premRNA (Fig. 1B). Comparison of
sequences between Eso-I ¢cDNA and Eso-1 genomic
DNA from the database revealed that Eso-1 gene is
composed of four exons with the splice sites obeying the
GT-AG splicing donor—acceptor rule. Using the P1 and
P4 primers, two PCR products containing the 5 ends
of Eso-1 ¢cDNA were obtained from ES cell cDNAs
(Fig. 3A). The longer PCR product (686 bp) (Fig. 1C) was
consistently fainter than the shorter one (593 bp)
(Fig. 1B). This reflects the relative abundance, in vivo,
of the shorter transcript. After subcloning and sequen-
cing, the sequences of these two PCR products were
found to be identical from exonl to exon4, but were
different at intron3 (93 bp), which was only present in
the longer transcript (Fig. 1C). This result indicates the
existence of alternative or incomplete splicing of Eso-1
transcripts.

Although Eso-1 transcripts exhibited multiple tran-
scription star sites at exonl, all Eso-1 transcripts
contained the same open reading frame, encoding a
protein with predicted 182 amino acids containing a
homeodomain (Fig. 2A). The sequence of the home-
odomain of Eso-1 gene is located in exon2 and exon3
(Fig. 1B,C). Comparison of the homeodomain of this
novel gene with other homeodomain-containing gene
products revealed a maximum of 38% identity with
homeodomains of the CUX-1 gene (Vanden Heuvel et al.,
1996) and other known genes (Yoon and Chikaraishi,
1994; Vanden Heuvel et al., 1996; Tada et al., 1998;

Cinquanta et al., 2000; De Graeve et al., 2004),
indicating that Eso-1 does not belong to any previously
identified homeobox gene family (Fig. 2B).

Tissue- and Stage-Specific Expression of Eso-1

To determine the expression patterns of Eso-1 during
early embryonic development and within adult tissues,
we performed RT-PCR analyses using RNAs from
various adult tissues and different stages of embryos.
Eso-1 expressions were detected in ES cells, adult
ovaries, and preimplantation embryos from egg to
blastocyst stage (Fig. 3A,B). Eso-1 expressions decrea-
sed from eggs to blastocysts, with predominant expres-
sions in unfertilized and fertilized eggs (Fig. 3B). The
expression of Eso-1 in the blastocysts was retained
within the inner cell mass (ICM), as demonstrated by
whole mount in situ hybridization analysis (data not
shown). This result was confirmed by detection of Eso-1
expression in ES cells (Fig. 3), since ES cells are derived
from the ICM of blastocysts and retain gene expressions
and pluripotency characteristics similar to the ICM. The
expressions of Eso-1 in undifferentiated and differen-
tiated ES cells were further determined by RT-PCR
analysis. Eso-1 was expressed at a decreased level in
differentiated ES cells (1 uM retinoic acid treated for
2 days) (Fig. 3C). Furthermore, the embryonic terato-
carcinoma cell line, P19, did not exhibit any Eso-I
expression in either RT-PCR or Northern blot analysis
(Fig. 3C, data not shown). To determine the expression
of Eso-1 at different stages of ovary development, we
performed RT-PCR analyses using ovary RNAs from
fetuses to adults. The expressions of Eso-1 started at
13.5days postcoitum (dpc) (Fig. 3D) and continued to the
adult stages (Fig. 3A). In adult ovaries, Eso-1 was
detected only in oocytes (Fig. 3E). No Eso-1 signal was
detected in cumulus cells isolated from ovulated oocytes.

Eso-1 expressions were also confirmed as a 1.7-kb
transcript specifically in ES cells and adult ovaries by
Northern blot analysis (Fig. 3F). The size of the Eso-1
transcript was in agreement with our predicted length
(1,710 bp) and the ES cells was the only cell line that was
detected expressing Eso-1 (data not shown). However,
following implantation, the expression of Eso-1 was not
detected by Northern blot analysis in 7- to 17-day-old
mouse embryos (data not shown). We further character-
ized the expression of Eso-1 in the ovaries of 4- and
8-week-old mice by whole mount in situ hybridization.
Antisense probes of Eso-1 mRNA hybridized specifically
to oocytes in the ovaries (Fig. 4B). Following whole
mount in situ hybridization, ovaries were fixed, sec-
tioned, and counterstained, and the Eso-I mRNA
signals were observed. Specific signals for Eso-1 mRNA
were clearly observed in oocytes of antral and secondary
follicles, and faint Eso-1 signals were detected in oocytes
of primordial and primary follicles (Fig. 4D).

Eso-1 mRNA Undergoes CPE-Dependent
Poly (A) Elongation During Oogenesis

The 3'UTR of the mouse Eso-1 transcript contains
two potential CPEs, UUUUAUUU and UAUUUUAU
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Fig. 2. The DNA sequences and predicted amino acid sequences of
Eso-1 gene. A: The full-length Eso-1 cDNA sequence and the predicted

of Eso-1 has been submitted to the GenBank data bank under accession
number DQ224405. B: Comparison of the homeodomain sequences of

amino acid sequence of Eso-1 protein. The major mouse Eso-1 cDNA has
a length of 1,710 bp encoding 182 amino acids. The start codon (ATG)
and stop codon (TAA) are indicated by underlining and an asterisk,
respectively, and the nuclear polyadenylation signal is boxed. The
amino acid residues of the homeodomain are underlined. The under-
lined Cin the 5UTR indicates the initiation sequence of AK049114. The
numbers labeled above the nucleotide sequences indicate the frequen-
cies of different transcription initiation sites obtained. Three potential
cytoplasmic polyadenylation elements (CPE), U;3, UUUUAUUU and
UAUUUUAU are shown in underlined italics. The nucleotide sequence

(Mendez and Richter, 2001) that are present in the 119
and 156 nucleotides upstream of the nuclear HPS
(Fig. 2A). The 3'UTR of Eso-1 transcript also contains
a poly (U) stretch, U;3, 594 nucleotides upstream of the
nuclear HPS, similar to that described for the Xenopus
‘embryonic’ CPE (Simon and Richter, 1994). Because of
the existence of potential CPEs in the 3'UTR of Eso-1
mRNA, we speculated that this mRNA has the cap-
ability to undergo cytoplasmic polyadenylation during
oogenesis. To determine whether this is the fact, we

predicted mouse Eso-1 protein with different homeodomain proteins.
The dotted line represents amino acid sequences identical to those of
mouse Eso-1.rEso-1, the predicted homeodomain sequence of the NCBI
database predicted rat Eso-1 transcript (XM_577474) localized in rat
chromosome 16p16; CUX-1, mouse cut-related homeodomain protein
(Vanden Heuvel et al., 1996); BIX2, Xenopus laevis homeoprotein BIX2
(Tada et al., 1998); CDP, rat CCAAT displacement protein (Yoon and
Chikaraishi, 1994); BSH9, Drosophila gooseberry protein (De Graeve
et al., 2004); OG9, a mouse homeodomain protein (Cinquanta et al.,
2000).

performed a RACE-PAT analysis, a PCR-based assay
using total RNAs obtained from growing oocytes (GV),
oocytes that had matured to MII, fertilized eggs, and ES
cells, respectively. The results from RACE-PAT showed
that the lengths of 3'UTR of the Eso-1 transcripts from
MII oocytes and fertilized eggs were shorter than those
from either GV oocytes or ES cells (Fig. 5A). After
subcloning and sequencing, we further confirmed that
Eso-1 transcripts have more than one cleavage site for
polyadenylation (Fig. 5B). The cleavage sites are about
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Fig. 3. Expression profiles of mouse Eso-1 in various mouse tissues
and cell lines by RT-PCR and Northern blot analyses. Amplifications of
B-Actin cDNAs and detections of B-Actin mRNAs were used as controls
to assess the quality and quantity of the RNA preparations.
A: Determination of Eso-I mRNA expression during embryonic
development and in different adult tissues. Two Eso-1 cDNA fragments
(major: 593 bp; minor: 686 bp) were detected in both ES cells and adult
ovaries. B: Determination of Eso-1 expression in oocytes and pre-
implantation-stage embryos. C: Determination of Eso-1 expression in
undifferentiated and RA-differentiated ES and P19 cells. D: Determi-
nation of the Eso-1 expressions in ovaries during different develop-
mental stages. The expression of Eso-1 in ES cells was used as a positive

9 bp (S site) and 19 bp (L site) downstream of the nuclear
HPS. The Eso-1 transcripts using the L site for
polyadenylation (L. variants) were detected in tran-
scripts from all of GV oocytes, MII oocytes, fertilized
eggs, and ES cells, with poly (A) lengths of about 20—45
nucleotides. However, transcripts using the S site for
polyadenylation (S variants) were only detected in MII
oocytes and fertilized eggs. In MII oocytes, the max-
imum lengths of poly (A) detected in S variants were
about 90-105 nucleotides, which were much longer
than the lengths of poly (A) (20—45 nucleotides) in L
variants. These results indicate the existence of cyto-
plasmic polyadenylation of Eso-1 mRNAs isolated from
MII oocytes.

DISCUSSION

In the present study, we report a novel ES cell and
oocyte-specific homeobox-containing gene, Eso-1. The
mouse Eso-1 wasisolated by degenerated PCR screening
of a murine ES cell cDNA library. To determine the
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control. E: Determination of the Eso-1 expressions in oocytes and
cumulus cells. F: Detection of Eso-I mRNAs in ES cells and some adult
tissues by Northern blot analysis. The 1.7-kb Eso-1 transcript was
detected as 1.7 kb in length. The abbreviations used in (A) are: ES,
embryonic stem cells; 9.5-, 11.5-, 12.5-, and 17.5-day mouse embryos,
respectively. The abbreviations used in (B) are: UF, unfertilized eggs;
F, fertilized eggs; 2C, two cells; MO, morulas; BL, blastocysts. The
abbreviations used in (C) are: ES/RA, ES cell treated with 1 uM RA for
2 days; P19, embryonic teratocarcinoma cells; P19/RA, P19 treated
with 1 uM RA for 2 days. The abbreviations indicated in (D) are: ovaries
from 13.5-dpc embryos (13.5), newborn mice (NB), and 1-week-old
mice (1w). (—): negative control.

full-length Eso-1 ¢cDNA, we performed both 5'- and 3'-
RACE reactions based on sequences obtained from the
mouse EST database. The Eso-I mRNA was first
detected in the ovaries of 13.5-dpc fetuses and continued
to be expressed during oogenesis. The time point of
13.5 dpc corresponds to the time while germ cells enter
meiosis in the female gonad, suggesting that the Eso-1
protein may have a similar role in ovarian development
and folliculogenesis as Figa (Soyal et al., 2000).
Furthermore, the lengths of poly (A) tails of Eso-I
transcripts were increased in MII oocytes, suggesting
that Eso-1 translation was activated during oocyte
maturation. From its expression patterns and the
existence of cytoplasmic polyadenylation, Eso-1 should
be a novel maternal-effect gene. In addition, the
predicted Eso-1 protein is a homeodomain protein,
which may bind and regulate downstream gene expres-
sions. Our results also suggest that Eso-1 protein might
be important for folliculogenesis, oogenesis, and zygotic
transcriptional activations of preimplantation embryos.
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Fig. 4. Eso-1 expressions in ovaries were analyzed by whole mount in situ hybridization. Four-week-old
female mouse ovaries were hybridized with sense probe (A) or antisense probe (B). C and D: Ovary samples
from (A) and (B) were sectioned and counterstained, respectively. Arrows or arrowheads indicate the
expressions of Eso-1 transcripts. The abbreviations used in (D) are PF, primordial, and primary oocytes; 2F,
secondary oocytes; AF, antral oocytes. [See color version online at www. interscience.wiley.com.]
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Fig. 5. RACE-PAT analysis of Eso-1 transcripts in oocytes before or ~ The arrows indicate the identified two cleavage sites of polyadenylation
after maturation and after fertilization. A: M, molecular size markers (S and L). The arrowhead indicates the end of AK049114. The
(bp); GV, growing oocytes; MII, metaphase II oocytes; 1 cell, fertiliza-  sequences in large font represent cDNA sequences and those in small
tion eggs; ES, embryonic stem cells. B: The cDNA sequences of 3 UTRof  font represent the sequences downstream L cleavage site. The cDNA
Eso-1 transcript and the sequences of downstream cleavage sites of  sequences of U-rich stretch and predicted U/G-rich element are boxed.
polyadenylation. The nuclear polyadenylation signal is underlined. S, short cleavage site; L, long cleavage site.
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In general, polyadenylation is performed in the
nucleus by a large set of proteins and is dependent on
at least two elements in the prem-RNA molecules, the
upstream nuclear HPS and the downstream U- or U/G-
rich element. The cleavage site on prem-RNA is always
located 11-24 bp downstream of HPS and 10-30
nucleotides upstream of U- or U/G-rich element (Chen
et al., 1995). In this study, the Eso-1 transcripts contain
heterogeneous cleavage sites (Fig. 5B). One cleavage
site (Lisite) is 19 nucleotides downstream of the HPS and
20 nucleotides upstream of the U-rich element. How-
ever, the other cleavage site (S site) is only 9 nucleotides
downstream of the HPS. The S variants of Eso-I
transcripts can only be detected in MII oocytes and
fertilized eggs (Fig. 5A) and contain a long poly (A) tail
(with 90—105 A residues). During stages of MII oocytes
and fertilized eggs, transcription is silenced and the
translations of maternal transcripts are associated with
cytoplasmic polyadenylation. We suggest that the S
variants of Eso-1 transcripts are derived from the L
variants through an additional cleavage and repolyade-
nylation by cytoplasmic polyadenylation. Thus, the
polyadenylation site of S variants (S site) is upstream
of the nuclear polyadenylation site (L site) found in L
variants.

Cytoplasmic polyadenylations of maternal mRNAs
are a general finding in mouse oocytes and early
embryos. However, the distances between potential
CPEs and the nuclear HPS are important for effective
cytoplasmic polyadenylation. In mice, the maximal
distance ranges from 95 to 120 nucleotides (Oh et al.,
2000). In Eso-1 transcripts, only one potential CPE
(UUUUAUUU), located 119 nucleotides upstream of the
nuclear HPS, may be important for cytoplasmic poly-
adenylation. Furthermore, Eso-1 transcripts contain
another potential CPE, a polyuridine stretch (Ujs),
similar to the Xenopus embryonic CPE (Simon and
Richter, 1994). The Xenopus embryonic CPE can
prevent premature polyadenylation of maternal mes-
sages in frogs’ eggs. In mammals, some maternal-effect
genes, such as Spin and Pip4al, also contain a
polyuridine stretch (Oh et al., 2000). The exact functions
of these polyuridine stretches in 3 UTR in mammals are
needed to be further characterized.

On the other hand, the predicted Eso-1 protein
contains a homeodomain (Fig. 2A). Homeodomain
proteins can bind specific DNA sequences and regulate
their transcriptions in a time- or tissue-specific manner
(Gehring et al., 1994). Hence, Eso-1 protein may act
similarly to other oocyte-specific homeodomain pro-
teins, such as Nobox, which functions as a transcrip-
tional regulator during oocyte and follicle growth. Those
genes that are preferentially expressed in postnatal
oocytes, such as Mos, Oct4, Zarl, Gdf9, and Bmp15, are
downregulated in Nobox null ovaries (Rajkovic et al.,
2004). The translation of Eso-1 homeodomain protein
might be regulated by cytoplasmic polyadenylation in
MII oocytes, and then the expression of Eso-1 protein is
suggested to be required for transcriptional activation
of early embryonic genome. The in vivo expressions of

Eso-1 protein will be further characterized by immuno-
histochemical analysis, and the RNA interference and/
or gene knockout analyses will help to identify the
physiological functions of this novel protein.

In addition, it is interesting that two Eso-1-specific
RT-PCR products, one fainter than the other, were
consistently observed in ES cells (Fig. 3). After subclon-
ing and sequencing, the intron3 of Eso-1 genomic DNA
was found to be included in the long transcript but not in
the short one (Fig. 1B,C). The intron3 inclusion produces
an elongated protein with additional 31 amino acid
residues in the middle region but does not change the in-
frame stop codon. Because more than 41% of multi-
exonal genes in mice have multiple splicing forms
(Zavolan et al., 2003), the inclusion of Eso-1 intron3
may be a result of incomplete splicing or alternative
splicing. Furthermore, a large number of splice variants
are obtained from transcriptional regulators, such as
zinc finger transcription factors (Ravasi et al., 2003).
Splicing variations may play a key role in the complexity
of mammalian development. Since Eso-1 is a putative
homeodomain protein, future identification of functions
of these two Eso-1 variants should give insights into the
mechanisms that regulate gene expressions during
oogenesis and early embryo development.
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