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Isolation and Identification of FSH3 and LHB3 Subunits

in the Chromis notata

Chi-Hoon Lee, Yong-Ju Park, Gi-Soo Song and Young-Don Lee’

Marine Science Institute, Jeju National University, Jeju 695-965, Korea

We cloned and sequenced the FSH3 and LH{ subunits from the pituitaly of the Chromis notata. The
partial-length ¢cDNAs of FSH3 and LH[3 were 346 bp and 275 bp, encoding 114 amino. acid (aa) and
91 aa, respectively. The deduced amino acid sequences of FSHB and LH[E3 were highly homologous
(75-93%) to those of other Perciformes; Channa maculata, European seabass, TOreochromis
mossambicus and Dicentrarchus labrax. Phylogenetic analysis showed that the deduced FSHE3 amino
acid sequences is closely related to the rainbow trout and tilapia, and LHB3 amino acid sequences were
are closely related to the Mozambique tilapia and C. maculata. The FSH3 was present in ‘brain,
pituitary, liver, gonad but LHB mRNA exhibited high abundance in the pituitary gland, as determined
by RT-PCR.
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7} 2-Aze) 2AE HHL AFHAE MS222E
vk § &, He} ¥ st A (pituitary) 2F
¢l ZHliven¥ A4 A (gonad) 55 FHEdlo =2

Abstsict.

SRE

Total RNA =& 2! cDNA &4

dAgole] 7 oA AHEF 50-100 mgo]
ZAEL 1.5 mL tubed] 2014 300-500 uL2]
TRI Reagent (MRC, Cincinnati, OH, USA)Z 7}
she] ARE-SE Aloke] EREZo| we} total RNA
g FE5¥Y 7" total RNAT NanoVue
(GE Healthcare, Ver.1.0.1, UK)E ©] &3l &%
2 A9, 4% H]-E(A260/A280 nm)©]

7-2.1 Hel W9 3kE ZEE RNAS AdEste 4
= ] AHEEISITE cDNA ARE 7} RN F
% total RNA 1 pgs T9°2= PrimeScriptTM
RT reagent Kit (Takara, Japan)S ©|&35lo] g4
Ab AlA EAgERGich 3 WEE Olige dT
primer 1 L, PrimeScriptTM RT enzyme mix 1 p
L 223 5xPrimeScriptTM Buffer 4 uLE A7}
192 nuclease-free S-S ©|-§3l9 F F-3
7} 20 pLol HEE =" 37TAA 158

7+ QAL 2S ARFHOH, o]F 85T A
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X2l E(Chromis notata)2l FSHRLE LHRE subnuitel 22f 3 =4

Fusig g49

527 7Hd3te] @A d
mRNA ¥

cDNAE 7} 2479 cloning R

#4j0] AMEE

FSHR2F LHB cDNA &% 3 cloning
AAAAZE2E FA2 FSHRSH LHBsubunit
9] REA7INE E2E AT degenerated primer
= NCBI9] GenBank (http://www.ncbi.nlm. nih.gov/)
of SE5 o] o|v] BreZ Pseudolabrus sieboldi
{Accession number, FSH3: AB300390, IHB3:AB300391),
Channa maculata  (Accession number, FSH[3:
AY447038, LHB: AY447037)$}  Odontesthes
bonariensis (Accession number, FSH3: AY319832,
LHB: AY319833)8] #&xF ARE us A4}
%k PCR ¥ | ule] cDNAE F3 &
Go Tag Green Master Mix (Promega, USA)%}
primer A|E 28]3 nuclease-free FHTE ©|&
gt} & F37} 25 ylo] HEF 24t 94T
gy T 94C 45%, 55C 45%,
72C 1328 353 wIE3}le] cDNAE FH33le
™ AA} A2 1% agarose gelE ©|
43 Ar)|9Eoz Fste] FASHThAARE
Ztzre] ZE FAA 2HE-2 pGEM-T easy vector

(Promega)®l ligationS}] plasmid DNAE %HE

% IM109 competent cell (Takara, Japan)o] 3=
AgetIT)l. LB agar (Sigma, USA) “AHIA S
o] &3] 37ColA 1241t & WYE clone %
371E AME3ALB broth (Sigma) &AM oA
37Tl A 10413} 59 cellE thEFo = HjQksled

th, 2 F cell2H-E plasmid DNAZ A A5}

FAA  2247])3HGenotech, Korea)o] ]2}
rIAES FARL & FA49 DG

42 SMART RACE c¢DNA amplication kit
(Clontech, USA)E °]-&3l9 £3l3iem, 53

3 cDNA T3 #3 F Hol4 primers &<

B HEQIIAY AuE o8l TSI

AZE FSHRSE LHB subunit®] 53 3° cDNA
H ZFE-4- primer sett TH3-3} 7T} (Table 1).

24

A2l FSHRSH LHB w32k 1 AlsFd
oA B2 Phylip TE2IHE &8 neighbor-
joining 7ol &8 ZAMEHUCE 4 FE9 o}
n) Ak A Multiple alignment’s ClustalW T2
aEE o|&ste #4385t BOOTSTRIP +4
& SEQBOOT L Z1zlg o]8-3le] 10003]
E351%it SEQBOOT®N 23} align® 1000 A=
PRODIST =2 130 ]3] distance matricesZ 7|

Table 1. Nucleotide sequences of the FSH, LH and 18s rRNA primers used in the cloning and RT- PCR

Remark

Primer Sequence (from 5'to 3')

FSH-F TGGTWGTCATGGCAGCAGTG
FSH-R AKACAGCTGGGTRTIGTCTCC
LH-F TCAACCAGACMGTGTCTCTG
LH-R CTCGAAGGTGCAGTCAGAYG
18s IRNA-F AAACGGCTACCACATCCAAG
18s IRNA-R

CCTCCGACTTTICGTTCTTGA

Forward degenerated primer for FSH ¢cDNA fragment
Reverse degenerated primer for FSH cDNA fragment
Forward degenerated primer for LH cDNA fragment
Reverse degenerated primer for LH cDNA fragment
Reverse degenerated primer for 18s rRNA cDNA fragment
Reverse degenerated primer for 18s rRNA cDNA fragment
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RT-PCR

A2 Ewe ¥, waheA, WA 224 FSHB
¢} LHB mRNA #AAe] ZEHEANE RNATE
Ao A ¥HAERE genomic DNA 295 WA
gto] Bk HH3 mRNA FEIE 7] A,
%249 total RNA®l RQl RNase-Free DNase
(Promega)S #2]3+ & cDNA 432 HA83ich
RT-PCRY A9 primers Eel® G7IMES
Fa2 AFE9 e, control F-*Hhousekeeping
gene)iZE 18s rRNAE AME3SIGIth RT-PCR %
2L 1 plo] ¢DNAE FHL=Z Go taq Green
Master mix (Promega, USA)$} primer AEE &
gate] HE whgol 25 wrt HEF xds)
Rt} PCR WHg2 95TollA 45%, 55T olA] 45
Z, 2TAA 9024 F 323 ¥kRse] Z 4
7+ DNAS SFHelglor, S5 cDNAYE
2 1% agar gelS ©] 8314 100 VellA 3583

A719FL ANste] LAL FAUGT

=t

Hat ¥ o3

kd

A2 % HslrA s FE3 FSHB9 LHB
cDNAS E243le] REE7IMEE £43 AT,
FSHBS} LHB cDNA Zol= Z+Z} 346 bp2t 275
bpelRer, Z+ F7342k9] nucleotideol coding®l
ofpliate ztzt 11470, 91702 &= ATHFig.

Sl
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7l - ol E

). A2l FSHPRS LHRS ofv| it M 84

2 FoA B3E oAt A3 ¥lw 4
sl A= FSHBY 7B-$ Channa maculata®t 78%,
Furopean seabassSt 75%2] “4ad& vepflom,
53 LHRY 74-$- Mozambique tilapia(Oreochromis
mossambicus)SF 93% European seabass (Dicentrarchus
labrax)®k 90%2] AEAE EStHFig 2). T
ASFARAE AT 43, A252] FSHE2
rainbow trout®} tilapia®ll 7}7hE FATAE H
%1, LHR= Mozambique tilapia®t C. maculata
e #ABAE B Fig 3. AHEY
s, Sapal, 2, W 233 delol FSHP
3! LHB mRNA®| @& RT-PCRE ©]&3}o]
#2% A3, FSHRS A BE 2FdA &
Abet o] @EElovt LHR mRNA &
A A TE ZetA GEEen, =, A
A, oA sm|eA] Lol BAEHICH (Fig.
4). %3 RT-PCR W37 ol genomic DNAY]
°]# PCR $EFLFE FUst7] #43), RT-PCR
HRE-Al AL E4E €A @2 RT(H9 cDNA
4= FSHB ¥ LHB mRNA &5 2=z &
o} genomic DNA F%9] §lFo] AUt
(Fig, 4).
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ANE 2 ABHY olF WA S 2=
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X2l S(Chromis nolata)el FSHRESE LHBREl subnuite| 22 3 =3

3 GTAGTCATGCGCAGCACTGUTGGCGCTGGUGEEEECEEEEAAGAGCT GCAGCTTCGGCTGET
v v M A A ¥V k" A L A G A G K - S < s F [€3 <
63 CeTCCAACAAACATCAGCATCCCAGTGGAGAGCTGTGCGGCACCACCCGAGT TAGTGTACACC
R =4 T N I S I P W B 5 c Le T T E pn v b 4 T
123 ACCATATGTGAAGCACAGTGTTACCACGAGGATCCCATCTACATCGACTACGATGACTCG
T I < E = 2 C Y H E D P I b4 I i) X D D =
183 CGCTGAACAGCAGATCTIGTAACGGCGACTGGETCCTACGAGETGAAATATATCAGCGCGATGT
A E Q 2 I C N G D W s Y ) v K k4 I 5 = C
243 CCGATCGGCGTCACGTATCCTGTGGCCAAARACTGCGACGTGCGCAGCETGTAATGCGCAGGA
)= I G W T w =) v A K ko) C E Lo A A C N A G
303 AATACAGACTGCGGGCGATT TCOTGGAGACACACCCAGCTGTAT 346
N T D c G R F P = D T P p=2 c

B

3 AACCAGACCGTGICTPCTGGAGAAGGAGGGATGTCCTCGETGITCACCCGEGTGGAAACCACC
¥ 2 b v 5 I E 1.9 E G o P R L H P " E T ki
63 ATCTGCAGCGCACACTGTATCACCAAGGACCCCGTCAGAAMAGATCCCCTTCAGCAATGTG
I c - 85 €3 H C I by " ja] P v R K I P ¥ L= N ')
123 TACCAACATGTGTGCACCPACCAGGACCAGTACTACAAGCGACCET TIGAGCTTCCTGACEGT
Y Q H v c T b4 Q B [ k4 Y K T F E I D D c
183 CCOCCCAGGUETEEATCCCATCGTCACCTACCCEGEYTGECCACGAGCTGLCACTGOGEGUCGERA
)= P G kA D =4 I v T Y P A B b s < H = = G
243 TETGCCATGGACACATCTFCGACTGCACCTROGAG 275
C A M D T = B C T F o E

Fig. 1. The partial nucleotide and deduced amino acid sequences of ¢cDNA encoding the Chromis notata
FSHS (A) and LHS (B) subunits. The nucleotide numbers are shown on the lefi-hand side of
sequence, and the amino acid residue number below the amino acid sequence. Amino acids are
given as single capital letters below the cDNA sequences.

FSH-C.notata —— - VVMAAVLALAGAGKSCSFGCRPTNISIPVESCGTTELVYTTICEGQCYHEDPIYIDY 57
" FSH-C.maculata MQLVVIAAVLALTGAGRGCSFECHPPNIS IPVDSCGITEYIYTT ICAGQCYHEDPIY IGH 50
FSH-E.seabass MQLVVMVAVLALARAGQGCSFGCHPTN IS IQVESCGLTEVI YTTICEGQCYHEDIVYLSH 60
**:_**ﬁ!\'!\': *\\':_*****:*‘_**** ‘:*"t* W :'***'** e Ade ke K k==
FSH-C.notata DDSAEQQICNGDWSYEVEYISGCPIGVTY PVAKNCECAACNAGNTDCGRFPGDTPSC——— 114
FSH-C.maculata HDWTEQKICNGDWS YEVKHIHGC PVAVTYPVARNCECTACNAGNTYCGRFPGDLPSCMIL 120
FSH-E.seabass YERPEQRICNGDWSYEVEHIKGCPVGVTY PVARNCECT TCNTENTDCGRFPGDIPSCLSE 120
- _**‘:***\l’*i***i"ﬂ:* ***:.******:****: :ir*: Wk ARk Rk kw Rew
LH-C.notata e e —————— ———NQTVSLEREGCPRCHPVET 19
LH-M.tilapia ————1SRMLIALMLSLFVGAST-~FILSPAAAFQLPPCQLINQTVSLEREGCPSCHPVET 54
LH-E.seabass MAVOASRVMFPLYVLSLFLGATSS IWPLATAFAFQLPPCQLINQIVSLEREGCPRCHEPVET 50
T Aede f R W ke e A e e ek
LH-C.Notata TICSGHCITKDPVREIPFSNVYQHVCTYQDOY YRTFELPDCPPGVDPIVIYPVATSCHCG 79
Le-M.tilapia TICSGHCITRDPVIKIPFSNVYQHVCTYRDLYYRTFELPDCPPGVDRIVIYPVALSCHCG 114
LH-E.seabass TICSGHCITRDPVIRKIPFSNVYQHVCTYRNSHYRTFELPDCPPGVDRETVIYPVAQSCHCG 120
Fcdrde de oA e A Ak A Ak N AW W AR R Ak ek o o & e e b b ok e b R i e o e Wele W den W KA A
1H-C.notata GCAMDTSDCTFE——————————————— 91
LH-M. tilapia RCAMDTSDCTFE SMQPDFCMNDIPFY Y 141
LH-E.seabass RCAMDTSDCTFESLOPNFCMNDIPFYY 147

LR R 2 A R L 8 & 2 4

Fig. 2. Alignments of amino acid sequences of the FSHS and LHS subunits of Chromis notata and
other actinopterygian species using Clustal W multiple sequence alignment program (Thompson et
al., 1994).
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(Yaron et al., 2001). A Z°}F2 FSH% LH
mRNAS] A& F & GnRHS 7 A48
o] NAHES A9 g7, ARAS 2
SalsAle) Aol SR, GRuel 24
oo ST, A AHTo|E FTEEY
7P 7 sjead] os) AP ER BP-G F
g4 Ae] WEH A2 #8RA 2 Y
4& =3 3 FAHHYN 9E82 3hrk(Hostetter
1998; Parhar et al.,

et al.,, 1981; Melamed et al.,

2003; Schally et al, 1971; Yu et al, 1979). 3}A|%k
# 2 KiSS1# 18] 842! G protein-coupled
receptor 54 (GPR54)9] Wiz A=g HAY
wul Al Fo] TAFHAAR Yot A F
FSHB$ LHB mRNAS ¥3prAo| A ZatA &
=g on AT Ho EAsks AAMAT

o} NAHGE FSHBS LHRS] 2u]e] Trolahs
Aoz AZEr o] A A AgEe] ¥
A e Ao gle] GTHS A#]Hel 54

I.H-C. maculata

LH-M tilapia

LH-C. notata

|LH-zebrafis

LH-rainbow trout

FSH-E.seabass

— 80 FSH-C. maculata

LH-E_ seabass

u opioid recepior - zebrafish

FSH-zebrafish

FSH-rainbow frout

FSH-C. notata

FSF-ilapia

Fig. 3. Phylogenetic analysis of teleost FSHS and LH/S subunits based on amino acid sequence. The
Petromyzon marinus GTH 3 -like protein was used as an outgroup fo root the tree. Analysis was
performed using the neighbor-joining method. The values at nodes are bootstrap values estimated

by 1000 replications.
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XE|S(Chromis notata)2l FSHB2F LHBS subnuite] 22 2 53

M Br Pt Li Go Bl Nec
345bp FSH
274 bp LH
598 bp 185 IRNA

T

Fig.

A7 % 427 gl Yol F8E BAE A
AG Ao REY, o RS GRH,

. The tissue Speciﬁcity of Chromis notata FSHE and LHS mRNA expression analyzed by

RT-PCR. 100 ng of total RNA each from brain (Br), pituitary (Pt), liver (Li), gonad (Go,
ovary) and blood (Bl) was subjected to RT-PCR for FSHA (32 cycles) and also 18s tRNA (28
cycles) which served as a reference of the loading amount of total RNA for each tissue. PCR

products of cDNAs were revealed by 1% agarose gel electrophoresis. Nc, negative control; M,
marker of 100 bp DNA ladder.
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ERL L

ASS - YR - Y25 - Yol - MBE

TGGCTACAGGGTACCAAAGGGCACAAACATCATCCTCAACACGGBCCGCATGCACCGCACAGAGTTCTTCTGCAAGCCTAATGAATTC

SEIIIIIIIISIIIOIIND
FArom F3 Primer

CGCCTGBACAACTTTGAGAAAACCGTAAGAAGAGGTTICTTTTIT ATTAAG'ITGAAGGTGAATAAATTGATTCATACACTGATCW

TTATCCAACCTCTTACTGTGAGCTTGTGTGACGTGGRCATGRCCTGATGAAMAACTTTATGTCATATATTCCTGT TCACCAGTAAGGA

GTCAGTCACATTTGAATCAGAATTTCACAATAGT TGTCTTTTAATGAGGCTACTGTCAATAAAATCTGATGAAATGACACGTACACAT

GAAGAAGATTAGCTTAGAGACGT TCAGACTTATAAATAAATAATATAAATAATACATATGTCATAAMTACTTGTGACAAATAATTTTT

TTGAAGTTTTCAGGGTTTCTCATCTGTCCTCTRTCTCACCCTCCRTCCTCCTCCATGCTCCTCRACGTTACTTCCAGCCATTCGATTC

CLLLLLLLLLLLCLLLLLLE
FArom R3 Primer

Fig. 5. aromatase primer sets AHE-8te] F2l€ WA genomic DNAY nucleotide sequence ¥ #&
primer Y. Primer ™-§ sequencet A4 2L HAFEZ intron FHE A L wzz 1)

- Ehdi,

genomic DNAE Fgo2 § Avjor gQlg
T A} YA aromarase gene®] nucleotide
sequence HAl &9 HWHUYZ  cloning
sequencing®t A3}, design® WX aromatase
primer2 F%¥ genomic DNASIE 384 bpol
intron sequence”t EFEO] o], B primerS
%3}l Real-Time RT-PCRS 4-3& 2|, Vasa
primer$} 7| GA 2o didt HAwE HAS
o5 84S AR

3} Real-Time RT-PCRZ &8 primer quality
gt

242 10 MAe} GAZRE 2a, 48 ¢
229} A4 cDNA 9 genomic DNAE 8oz
&1 aromatase}t Vasa primerE A}£-3}o]
Real-Time RT-PCRE 8¢t o2 ZAnEA why
< Hrlsoh. A9e g wAe JFoz
A8, aromatase®t Vasa 2+ztoll g
melting curveE #AEO 2 primer? specificity 9}
¢DNA % genomic DNAS] Tm Zt& &<la}ich

AY A3} aromatqseﬂl- Vasa Ztztel| disie] 52
speciﬁcity?} HAHAI, P4 cDNASH genomic
DNA®| Tm o] FEEE ¢ £ AT ¥
¢DNA 2 genomic DNAYAS aromatase A1},
B DNASIME EE AAS Be ZEAE
£ Eo|n & specificity® 2t A% Tm
&g JeERE ¥, genomic DNAE B =&
Tm #& B2AE & < lof, Aud 49 A
% cDNAY genomic DNA QEAEE 417
BT 5= AT =7, WA cDNA 2 penomic
DNAoNM] Vasa A, BE WA Vasa &
A7 & specificitys Rojn 2= 919
31, aromatase®] A2} ulAI}AZ (DNA P
genomic DNAS] Tm 3lo] <2}, % cDNAY)
genomic DNA S BEE A &1 4 9o
o} ¥H, 4 DNA E genomic DNAS|A )
aromatase B3I FHSHA AT AHA
cDNAS] 2E sRAA] specificdt amplicon®] &
AEZ] B0 non- specificdt M2 B
™ Genomic DNAE FHOZ & ZAnh= specificd
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x| Paralichthys clivaceus) 2| hEHED Y 74t

aromatase®] amplicon®] #Eow, o]
AHNEL YA aromatase FAZ] XA Fol4
VHPEA L B AWy ozw FFe] WEP
& Jeg 9ujdtel. A4 cDNA % genomic
DNAd| M8 Vasa Aste BE ABA o4
Tm Z# 87 specificd AHEE AT + ¢
910 ¢DNA 2 genomic DNA2] Tm 3ol
28 BTtk o= 2 A¥¥WdE Bk
9 23 o] M EIARE ZHHL
are ¢ g ¥ olJEl, aromatased]
< npormalization A|Z W 7]&2] housekeeping
gene BTt TS AL AHE ATE F U

Ag FEA st

o il

Iy}

o oo

3, 7jubEl ob4Ti magrkerE O|2TH HX|

O

1) 9% AR Sampling

YA A bl sreqde 9% ARE 2P
e =y FgomiE ARE 2o 307
A Brdle] YA AAE EFsle] T
fle] &4 oF 100~200 ngd ANHSS FA43t
Aok NEE AES 5481 Z7E= 3 2
goz SRS 7 A¥gad HedAd
Exp-L 99 cm, Exp-M 8.1 c¢m, Exp-S 7.0 cm%l
t} Real-Time RT-PCRES ©|-§%t primer quality
Z4o= <k 800 g 3719 AA: FHE o

o] 15 AASE At

1

Olr

2) Total RNA2| 22|, cDNA £, Real-Time
RT-PCR
B AFE Foo Ay gz AWEIHE

AREERe] T galejrte) g Aol H A
of tigt Avhd AFHYPL THY5ISTE Total
RNA 2], cDNA §4, Real-Time PCRE %A
Hwst w202 vasaReal F17 Vasa-Real Rl
719]3% FArom F13} FArom Rl
primer setZ AHE-EH] FEETE AL St
ANe Boid A o] BEEA 715 ¥
2] dole] WA A total RNAZHE cDNAE &
Asta, NLE rlE 288t A A¥E

A4, 1 A vwarsch

primer  set,

1. ZAsN

e
A
o
O
_?E
i
>
10
=

1) ol=st Al

ERERIES R DR
o) 4oz A Wolte Adz ¢
93lc). o] Aol Pgkel 2R
229 5 AUtk o 23] Yz
Aos dAsE AAelAE dazkel
sl el AEEL] cystZ} FAAH

of

Bl
e 2 lo

n
ik

Fo T dm ofy
o,

R
2

ri
o)

2) Hago| 23}

AAAANN QR F2E oz ga=
2oy AAME YT Eee B
A grgkom, AANA Fbel FxAo] BET o]
AB=H] Hae] 27 Exgo] BAHYTE EF
AR A7|E st wwste] JHes
Zgkt} (Fig. 7).

A5 HEL 5 A4AY FHIEo)
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AL . HYR - Y25 . YolM - MBE

Fig, 6. Pl 238Mdele] YA A4 AR A Bdatel] d5g due] 444 47), B. A4
718l Al

Fg 7. 442 B3d AAE A4 =2 A F£70=z 234 /A, B 302 F3d
A, C. Rz Balg A, D. £HLE E3E AL
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Y x|{ Paralichthys ofivaceus) =7) etpIrgo|dg gt

Sloals 2744 B felahelol @k -4
AN BHALE BGRAE HiFos B
she Zol 744 YuEolw, YHOZ vy
SAUAIAE BYHET} 2R %7) g2
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3 o a A= 18 [~ Q A
4 ¢ g A=} 19 o o o %
5 o o 23] 20 Q Q o 4]
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7 e g A=A 22 Q Q o] %]
8 o4 e X 23 o (% U]
9 o o A2 24 o o o ]
10 o o AX 25 & (% A
11 o % U= 26 [ g I
12 o o A3} 27 e % ]
13 @ g ] 28 e Q A
14 @ ¢ 2] A 29 o o 2] 5]
15 o4 o U= 30 o o A =]
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Ugs  HEYE . 2L Uojd . MEE
Table 4. g o] z} A|g88 A% 4 FHARA S Fapo] Fd A2
Site 1 Site Site 3

AEYs A em) ek AEHE H%Hem) A8 AEHE FA(em) A
1 9.7 [ 1 7.4 o 1 6.8 o
2 9.0 L% 2 8.3 [« 2 6.8 o
3 9.8 (2 3 8.5 e 3 6.9 toud
4 10.2 @ 4 8.0 o 4 7.4 ol
5 10.8 @ 5 8.3 [ 5 6.6 o
6 10.0 o 6 79 o 6 7.6 o
7 10.6 (o) 7 8.1 o 7 7.0 o
8 10.0 Qe 8 8.4 oy 8 75 [
9 9.5 [of 9 7.6 o 9 6.7 o
10 10.2 o 10 7.8 o) 10 7.0 e
11 10.6 o i1 84 o 11 6.5 o
12 10.7 o 12 8.3 o 12 6.9 o
13 10.2 o 13 7.8 o 13 7.4 o
14 9.8 o 14 78 o 14 6.8 o
15 9.6 o 15 78 o 15 6.8 o
16 9.8 o 16 8.2 o 16 6.9 o
17 9.3 o 17 8.2 o 17 6.8 o
18 10.0 o 18 8.3 o 18 6.9 ¢
19 10.5 o 19 8.5 o 19 6.9 o
20 10.5 o 20 8.2 o 20 7.4 o
21 9.8 o 21 7.6 9 21 72 [og
22 9.5 o 22 83 o 22 7.4 o
23 10.2 o 23 8.3 Q 23 6.8 o
24 10.3 o 24 8.8 o 24 6.4 o
25 10.3 Q 25 8.4 o 25 6.5 o
26 9.2 [ 26 7.4 o 26 7.0 e
27 9.0 o 27 8.4 Q@ 27 6.8 o]
28 8.8 o 28 78 Q@ 28 7.2 o
29 9.5 o4 29 8.2 o 29 6.9 g
30 9.0 o 30 8.3 o 30 7.0 o

o E 0 ¥9 £ Ak g AR BE AMEE

FLE §HAE AL Lot A7), Az

2 AFE Foto e, 2UE 9A Vasa®t F7] 2 2AEER 49dHE F4AY] SR

aromatase?) ¢cDNA % genomic DNA A E& vl
o2 A Real-Time PCROT AHE-5]= primer

set2] specificity® Iroli A@7|=9] HHAAZ

Apel7k glem), ¥Ae) J5A AEshs A
oA S YA FAASA o8 fEdch,

gebd, B4R S04 B4 JEE A%
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Ae 2 zzor od" AHd z2A9A
¥ RNAZ ¥XZE 243 AA/delqtt
BHE = BolH FIHAE Fohla Axkd
o] 57 {fHAAE &8 5 v 740]‘4. 2
Aol A primers WA A4
W ESl= Vasa®t aromatase A2 Er’ﬂ. A
A2 slrle), 24 HAE: FHAgelA ot 2
At steiets A delgt Agd FAA W
4 d4E 428 7 Utk 9A Vasa 3
WA x7] A BETE AIREE A7lCA R
E] ARl o]27]74A] A4 e YA
A FE3| BEEE FAAPG BER, WA
aromatase AR Z[o|A|7]d] Qo g A
237t f2E yE Adad GaduHe] Ay
of o]27]7k4] ¥A 2EEE fFHAet 4
a, AAMN MY gromatase FAA LTHAATE
Q?_‘%Lii Aol 7FsEt, Vasa FrAALR
normalization ¥Oo= Al o[{E WA
T A= Aoty ¢, FA Vasa®t aromatase
FAzLe] E¥ g B5 genomic DNAS] 24
Ao} BE A Fot=
g AAZE Ad  de AR AAVE 23
AAEE FLH 4
Adot weEbA, S 9
X Vasa} aromatase AA}T AEFHAZ] L
A 2R Soldor wdEET stttk
F2]H RNA9| genomic DNAZ} ZFoldh= 4]
ooty I 2AAzE AFAE F gy Aol
Hc} dkd @hieA 295 genomic DNAH

e&]

orl
J
ey

o~

i

T

i}

_4 O_L,

genomic DNAE 7}A]3L

AAstE A& AAAR, 2= Esta
genomic DNAE HHEA AAS D HA4 &
Tgolm, genomic DNAE AAAZ= FAgdddlA
Bal4el 290 % RNAY quality’} Eod &=
Jok B ATE T3 94 Vasa® aromatase
genomic DNA®] nucleotide sequenced w2, H
nEgn, AuE AdF@AAAA HA HE
& e s 7Ht"’5}°4 ek Aze] Ay
8 249 585 Y 7 U}t B Vs
oAl A ALg-8}i= primer setS RNARZYE A=
cDNA®| EAE 4 9 genomic DNALY <
F& melting curve A& B3t A 7Hed
T AESE AFHAS o|HF AT EIHAES
iz vl Asstn Held gx Ao 4wl
71e& R 3lo] & ot Hlnh
g HFFEHN vRIVHAR offdlMx &
2 FAHA kA 71%5}7‘]“}
oA FdA = AAAY frdd 282 vl B
A g ol FHLNY ZE T o
Hwd gA dEste S 7AS 42 4
ZHdh olE s 2ARA A AFAdE 3
T AFe] AR AARE olF AJAMA (sex
chromosome)7} EQ1%H = oFE A-¢ 5099F
Bt =8 offflAe LeHFTESL 2
o] d& dAske FAHDMRTZE FAEIe
ghajole] AR ofFofAul  Felo] HUL
(Yamamoto, 1969; Nagahama et al., 1993).
o|Z 7R FAME o}F:E dul HA FA,
o} Fell A XX-XYAZE 78 BoEY AEA
7)1Zolgtar AAAY. 28y zw-zzA S 3
A oAFE A ¢y & Fo dotye}
Fidle od FoAME XXXYAY Y& Fof
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of g AR A o] Aoidrt. ZW-2ZA
o] AZA7|ZE swordtail 2] YT Xiphophorus
avarezilAE LA 1, HeldolRolAs
Oreochromis niloticusAX1E XX-XY, O. aureus®l|
A zw-zzel7] WEel, Ao xx(Q)t F
A9 zz()d mABIH o|EHoZE  100%
XzZ(g)el "k olAF HpuohFe] FHuF
of o Aol e FRAWG Aishs 71
2 oln &slE]o] QIrhPiffere et al, 1994,
Nakamura and Nagahama, 1989).

EfFAAE A8 ZHA eolfrolM HAA7] ¢
AN He) BAHA ke A%, 4AE AuHe
2 o] ghzle] Wk ol WL FHHEQ
BHoz MEFANAL PAHEAL JaE
e fEdte QAHEEFTEESE)Y AL
o gl &, olvke wi AR g3l
AgHos drw PasE 4de 2E
- plez AzbErh o9k 2E AifRES
QA AAFAA Aol e 2d

o}k

dtol 5o] 21 T Yamazaki, 1983).

ofel TEH 49 Bah FuHe
Hrstelc A4 ARdE WE
= 239 HAo g A=A, WRA &
A} A A5 e fAH AR
= o2 weko 2 ZAFH7|E FHol(Fitzpatrick et
al,, 1993). Zre{v} el A7EA T sleetE o] 9}

& #74aqe adE AYHow Y@ o
= ojolz A o= B sl B AY
299 9@ el ojel, 2 4Ae s
7] o o] JHY addl & Aol
25 ARIA LPxA0E Pohy] Y

E071 dEolth

BAA
LRGES

lo

[}

°]

yxe] A EAEom SHBozm AATF
o] XXAMAL PHALR, XYAAE FHoz B
(o]

st} kAR fAd AFC)/NAll androgen
stA HE AH
TR, #HAH  FRAXY)NA]  eswogen
(estradiol-17B; Ez) T AAISHA A4 ¢4zl
o5 ®Eilele Aoz el rh(Nakamura et al.,
1989b). g #HA FRAXXANA g
A2 AHEE StAY AFe2olM AES Ehd
B4 FH0E Rt oo, o|% 2

o] @A Fdd GBlolM FHleRe] 4

(17a-methyltestosterone)5

#3190 A estrogen] A4 @AY AU of
2 FAReE 9P 2 gloy, g

2] 3] estrogen2] AAJol F 8%k

wido] SAEe] B¢l 7art Fad g9ez

Zgss ZAoE AlEHT YUcHLim, 2004,
Kitano, 1999 ).

Ao AFAelME A8H nEL7)e] A
A S FRE QAE WA FgAlollel
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