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Abstract: The orange-spotted grouper, Epinephelus coivides, is an important marine aquaculture fish and has been
cultured in China and Southeast Asian countries. However, large-scale aquaculture of the grouper has been hindered by
the rarity of natural males, because it is a protogynous hermaphroditic fish and sex inversion rarely occurs in captive
stocks . In teleost fishes, the pituitary plays significant roles in many physiological functions, such as growth and reproduc-
tion. In this study, the SMART c¢DNA plasmid libraries of the pituitaries from orange-spotted groupers, at the early stage
of ovary development and the late stage of sex inversion, were constructed. Two hundred and thirty-two and 258 ESTs were
obtained from the two pituitary plasmid libraries respectively . Among the two groups of ESTs, the genes homologous to hor-
mones were the most numerous in both groups. accounting for 40.5% and 34.9% of all ESTs respectively. Compared with
the level of expression of hormones in the pituitary at the early stage of ovary development, the expression levels of growth
hormone { GH ), prolactin ( PRL ), somatolactin ( SL ) and proopiocmelanocortin { POMC ) were reduced, and the go-
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nadotropin commeon o subunit { GTHa ), follicle-stimulating hormone f subunit ( FSHE ) and luteinizing hormone {3 subunit

{ LHB ) were increased at the late stage of sex inversion.

Key words: Grouper: Sex inversion; Pituitary; EST; Hormone

RIKFINIFE (expressed sequence tags, EST)
FeA GBI FEHLEEI cDNA SCEE i BH 1 5 e 37
TR TN R, TP ECE SRR 8 R ZE R e i 1A
BREFE—BFS, Lot B E e 2 £ IREFHE
(Rudd, 2003 ). FEEHEZS THEYFHEYERFHE
B, EST EEEYEE. s Timio ik EEE ST H
EEBRMEEAER (Liv et al, 1999, 2001; He
etal, 2003). HAl, H{UESMENXES, WHS
8 { Danio rerio ) ( Gong, 1999 ». & 8 ( Orjyzias
latipes ) ( Hirono & Acki, 1997 ). BEHNK ( 7
traodon nigroviridis )(J aillon et al, 2004 ), ﬁﬁﬁ?ﬂ?ﬁ:
EFMARPEIET BST S8 TIE, BTG
1997 ). BER
{ Ietalurus punctatus ) Karsi et al, 1998, 2002; Ju et
al, 2000; Kim et al, 2000; Kocabas et al, 2002 ).
tbH A ( Pleuronectes americanus ) ( Douglas et al,
1999 ). # f ( Salmo salar ) ( Davey et al, 2001;
Martin et al, 2002 ). E7-89 ( Pagrus major ) { Chen
2004 ). FAE A ( Oreochromis mossambicus )
( Shiue et al, 2004 ). 88 ( Cyprinus carpio ) { Kono et
al, 2004 ). %&3k8Y ( Sparus aurata ) ( Sarropoulou et
al, 2005 ) FIRH A B A { Epinephelus coioides )
{ Zhou et al, 2006 s

FAr O A ETENE AL, BER (Ser
ranidae ) A BB & ( Epinephelus ), 24 = K
M, FRREATSHS T HEOREE R RS
PRy —, XEMTEHMOAT AR TEES
WE TS HER AR I R AR TR, T SR R XE LIRS
M HERR B R A RE, FEA L EHE R
WEE., RECEET TS8R YEim il R
EHEEZEESROHAEREMNER (Fan et al,
1992), B EEHE b THRBALAZLHIMNZ (Lee et
al, 1998; Yeh et al, 2003b ), XFPERFL A THLH]
ML, Eman et g TN, REE
FEER ST, AN ARl R R
ME S — (Lin, 2003 ). HiL, 2RERHE
FHIGFE T AR a4 K A TESE N b A 12 5T
HIBIFIL ST (Yao et al, 2003, 2007 Jia et al,
2004a, b; Wang et al, 2004; Zhang et al, 2004,

( Paralichthys oliaceus ) ( Inoue et al,

et al,

2007; Chen et al, 2005; Li et al, 2005; Li et al,
2005; Ye et al, 2005; Zhou et al, 2005, 2006; Ji et
al, 2006a, b; Ko et al, 2007; Pedroso et al, 2006;
Cud et al, 2007; Xia et al, 2007 ).

TR - EE - ST BREATAaAER
AT A E SO E E A . T ERRE T s
ARKBERERBERRE . AR R B R SR e
MR E 7, ETEE GH. GTH 5S4 fiE M 4
W, S EFESSNE MRS, ERTEIE. ER
SHNESTE, PSS E BNSIBASNMTIL, A
A B THESD (Chappel et al, 19835 Xiao &
Lin , 1999 ). WL, WATEIEELFARME
BEBRMHAW GO T K. TEEMER
SMART cDNA JURISCFE, WEEHILEE 17—t iEE
ARAaE K MAERMEEEEER, F9W Edapo-
14 ( Zhou et al, 2005 ). EcSL ( Jia et al, 2004 ).
EcTSHE ( Wang et al, 2004 ). EcGTHa- EcFSHB-
EclHB (Li et al, 2005  EeSox3 { Yao et al, 2003,
2007 1~ EcOC2 (Ji et al, 2006b ). EcDMRTI ( Xia
et al, 2007) %, FEREE@AES, FEEELESK
AAEERAEPREER LB FEARAER. FHith, 7
Az, RITESLAsIaE rTmEATES
M U IS B Rk A B fA (R 0 SMART cDNA &
BISCE, MRS EST, FHXXFFE A
I R A B A TR R A MR A R A B
TR, RIS TEA T a MR R REE/E
et .

1 MR5FE

& RNA BJ$EE
SAVB LR T FRIFATARAE 1 B, RE
AL, FRARBCH R, MRRASAT RMEEN, B
15 A4k TR 8 & F R WG B BORT I RO IS R B .
TR B RNA H SV Total RNA Isolation System
(Promega) ER R R, BRERS REE AT,
FHERE RNA TEZGTHLHEIGRETE, &
ﬁ??zo—SOHLJKEP, PTG e FRL Ik A 2 b oy
FEFEIT (Eppendorf ) A260: A280 nm LLABEH B
RNA R EFIHE .
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1.2 SMART cDNA &5

HE{R B RNA 4 100 ng #1T SMART { switching
mechanism at 5 end of RNA transcript) cDNA & A%,
B4k E% BB SMART ¢DNA Library Construction Kit
( Clontech ) BEFAFINCIBHEHI T EHIT (Xie et
al, 2001; Zhou et al, 2006; Jia et al, 2004b ). & HFT
FREIFE 250 %: @ cDs 514 (10 pmol/L ),
5" AAGCAGTGGTAACAACGCAGAGTACT (30 ) N-
IN23"; @ Smart [ 5% H B (10 pmol/L ), 5
AAGCAGTGGTAACAAC2GCAGAGTACGCGGG 37,
PCR 5| # (10 pmol/L ), 5" AAGCAG TGGTAA-
CAACGCAGAGT 3. B et UM T k& s —
it cDNA: LA CDS 5470 Smart [[FE4% R4S 1 1L,
T2CHRIR 2 min 5, VK L& 2 min; SRETEAETH
10 pL FIRCRERFR A, T 5 x 55— RN 22 il
{250 mmol /L. TrisHCI, pH 8.3; 375 mmol /L. KCl; 30
mmol/L. MgCl, ) 2 pL. DIT (20 mmol/L )} 1 ul-
ANTP (10 mmol/L ) 1 ul. F PowerScript ¥ 5% 7 1
pl, 2CARR 1he B2 uL 55—%% cDNA ITA dNTP
2ul~ PCR 514 4 pL 71 2 uL. 50 x Advantage 2 cDNA
Polymerase Mix, T 100 oL RBE RSP HITIT
PCR ¥ : 9SCTAYE 1 min J5, DL OSCHEE 25
s+ 65CEE 25 s, 68°CHEMM 6 min ST 14 MBI,
T2CHEM 10 mine B ZEHRIG, B S ol P E Ik
il .t PCR P49 FAEELBTR SCEE
1.3 SMART cDNA B30 B R T B B HE 4 4

H40 T 50 B R T AR R T RO IR HA R R 4 B
fa 1 {k SMART eDNA 750 7%E # A pGEM-T #k 1k
(Promega ), B 4155 b DHSe 557 & 400
#4 SMART cDNA JRLSCEE LG 38 B %% B # 5 i Am
7E Xgal/IPTG LB Hifg-FiR b, WP E @ ETHF
HMT 0.5 ml LB AT FRES, 37CHFFAR.
1L W, AS1% M13F 1 M13R J#1T PCR 47
¥, PCR ™4 1% IERE TEEE AT AL Ik A5 2 5 A 4
AR B, AR AE IH iR A F - g0 IR KA
HHUEA R BLTE 200 bp DA EFIBHE DT ( &
BELCEREE AR ). BET3F5 5 GenBank $4EZE
HEYZ R E J R P T LT e LTS EON
40% H—FPE Cidentity ), IEAIKEERTF 55 PEAE
B2 H E /DT 0.0001 BIF5) R ATETF.

2 # B
2.1 A THELZFEERIERERBHTAEA

HIEME SMART cDNA B9& A

TERRBE AL VKA I B RNA MR &, S5 R EH,
288 BT 185 &, BTN E
T ITEESATEM, 0Dy nm/ 0Dy nm = 1.96,
U] ATER LAY RNA R B &, TR T A%
cDNA G . A 1.0% T5fe Wit ke s ik kel 47 38 &
AP SMART cDNA, %5 E 78, SMART cDNA B
WHITHEF T 0.2—2 kb, FEAEEW (ER),
LG AT cDNA T & RAF, 0 LHEAT EST P
¥
2.2 ATHRELZEERIEREREMTANEA

TR cDNA HISLE EST BIR 1%

Ak P A F RGN R S AN A BT A
LR SMART DNA 735152 3| pGEM-T #ik 4,
AT T AR P R OE . WAL TR E F RS
IV R S R A B A TR IR cDNA Bk SUFE 43
FIFEHLELELT 300 1 310 DA B BHEE K F 200
bp B BEPE SRR AT T . AT 13 P A48 Gen-
Bank S RFAEYGE B2, REKBT 232 4
AT OB R & FREE R BRI EST 1 258 4~ 4b T
VR SRR EST. 7 232 MU Z FREAR
Bl A B maE RS BST 1, ARBIFEFETH
H 524, R EST 8087 22.4%; EHIFFIH 180
A, AR 73 M EFL MTE 258 MER G R
AE IR EST b, RERFFRFINYE 49
A, 0B EST $0H 18,99 TUAENTFN A 200 1,
H3E 76 TEH.

2.3 ATHHEZTERIEREEHEMTARA
K cDNA s EPRThEEEE S

ELRNTHEE R P 5328 2 B8 Ju et al (2000)
W4T, 7E 180 15 GenBank T4 RIRFEFIRY ., 4bF
BB EERAEM B A RAREYEST Y, §
HEHMEREMITIIRS, o414, HEESTH
(232) M1 40.5%; HEX 2S5O HEMN, BEHAA
MM EAMEREFS, & 1.6%; EOMF
LRI SCEE & 8. 29 ZRAFHICERSE 3.9%;
HAEEE Fr o LE AR, 7718 THaEmt. e
&M, BTFEEREAITS ., NENEESE (%
1) o4 PR ST H, KM HERGRE
Bl G4 R &8, 355 76 1, 44314 21 4 GH. 30
4~ SL #0125 4~ PRL; H A& 11 4> TSHR. 4
POMC 1 3 1~ GTHeo b1 RFE 5 BRI A EE M
FEEPIMER BB AR (F1), 72200
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5 GenBank A FIRIFFIM. 4T M R )5 40
BrIR A A EEr EST (258) #, H 90 1
(34.9% ) SEEAFEEREE;, KR 504#
B, HABMAMNENEANFERS, &
13.6%; RAEMHKLEFY 6.2%; EEFIFHLA
HXER G 6.2%. ¥ FFT R DNA &G HLHE
Bl 5.89%; HMEESHETEH. & H@EkE
BT & i . 4HARES YR FH 56 & g
EIRERES. £ 90 NMHE ESTH, GTH ="

WEY I EE] 50 K, HF GTHe PR s,
k42K ERARFLEEREEFE W IRETR 36 1K,
He PRL B 15 K.
2.4 HTHRELZEFERINEEERUMTANEA
FEFEHENERTIE
XA PSR A F RGBS AR A BT A
TR EST FAMBEMM T KRB FEHET 7 HE
ST, ESERANE 2 Fias . SRR EFRAHBIEE
hEESEME, EHRFBEHANEES, £/

#1 LTHEZEREBRIEREREFSARAIER EST Mo ES
Tab. 1 Summary of the EST analysis of the pituitary of the orange-spotted grouper at

the early stage of ovary development and at the late stage of sex inversion

MR FRFOEARR EST (232)
Early stage of ovary development { 232 )

PR S A G B E K EST (258 )

Late stage of sex inversion { 258 )

Fhats
Categry MFEHE Sah ERRE  WFAEHRE  Sah ERNE
Number of clones Percentage Number of Number of clones Percentage Number of
sequenced (%) genes sequenced (%) genes
EERELHFRER 19 8.2 14 16 6.2 11
Gene involved in the protein translation machinery
M IEFE Cellular structural genes 3 1.3 3 4 1.6 4
B Enzymes 2 0.9 2 11 3.0 10
ERAT. DNABE 1 0.4 1 15 5.8 12
Transcriptional factars, DNA repair
HIE A FE R Genes involved in immune system 13 5.6 2 4 1.6 3
BETRANEOREZER 2 0.9 2 3.1 7
Ionic channels proteins and transporters
AR AR SR B H i 2 A 3 1.3 3 4 1.6 4
Tumor-related proteins, tumor suppressors
HE. FEHRTER 04 40.5 6 90 34.9 7
Hormones , receptors and regulatory proteins
AprkEF Mitochondrial genes 9 3.0 8 16 6.2 4
FMHEEER 27 1.6 25 33 13.6 &
Genes homologous to sequences of unknown functions
HABE R Other genes 7 3.0 7 6 2.3 6
/D Subtotal 180 77.6 73 209 81.0 76
7E GenBank F TLEEFEF] Unknown clones 52 22.4 52 49 18.9 49
BT Total 232 100 125 258 100 125
®2 ATHELFEEMETIEREEHNGOHEES FST DEEMEREE
Tab. 2 Differential expression of hormones in the pituitary EST of the groupers at
the early stage of ovary development and at the late stage of sex inversion
TS EE RN R OEaEE A THE¥EERMT O EaIRE
EST (232) EST (258) FikBEL
Fhats Early stage of ovary development Late stage of sex inversion Change of
Catsgory REHE 7 i LB EREE 7 o £ exprossion
Number of clones Percentage Number of clones Precentage (%)
sequenced (%) sequenced (%)
GH 21 9.0 11 4.3 -52.2
PRL 25 10.8 15 5.8 -46.3
3L 30 12.9 10 3.9 -69.8
GTH o 3 1.3 42 16.3 +11.54
FSHB 2 0.8 —
LHB — — 6 2.3 —
TSHB 11 4.7 0 — —
POMC 4 1.7 4 1.6 -5.9
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B EHAELEFETH, GH. PRL f1SL %
KESHH9.0%- 10.8% M 12.9% THEE4.3%-
S.8% T 3.9%; POMC PRI EREAREH L.
GTH MIERKXE 2RI, CTHe WERKXEH 1.3%
FEFZE 16.3%, FSHB T LHR WIRBESH A ZE
0.8%F2.3%,

3 3 g

AWM B, FATHAH EST EAR 2 74T
9P B AT AR R B BRI R JE B R A B B
ERERFIFN. EIPRATRGHEFAERE
Wy AR mERN EST ., R&L2FIRF
SHAE 52 FH 49 4, AL d7 B EST #0689 22.4%
18.9%, KA TF AP OHIEM EST 44 #
W, FERTARAT BN EST 7, JREITF)
B EST (5.5 EST $0/ 60% ( Zhou et al, 2006 ); £
HAGIRE ST P, LREFHIE EST & 84.1%
( Chen et al, 2004 ); 7EBAEMIPHEA EST T, L
TRFFSIH) EST 5 51.7% ( Chu et al, 2006 ); 7E#
BN EST 1, FZFIEIFFIM EST & 50.5% (Ju
et al, 2000 ). Karsi et al (1998 ) 7EA LI5S HEHE
& WIIAESTRIE EST A4, B MICRIERITFIR EST
07 5L EST B9 41% ., YONTEMR EST HARMF S AT &
bR Al BE B T EA R — 1 EE A
HAE R B SRE, HEEREE AR EN
HARNTEF . EAMRFP P cDNA B
HEF, PREMERMELSMHEE (2555
ESTs i1 40.5% 1 34.9% ), XRMAEWNREREFTE
R B R RIS, S AT AR E 5
INRENGER. B —E, HTEEEE KEEEEE
WARIE, 7F GenBank " ZE A F|[F I F 5§ EST
i

PR R B RGBSR A A
MR oDNA BRI FE P EMHMENEREFEER
#Z5. LA EERT VAR —TER
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