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Review, recent progress and prospects of
aquaculture biotechnology researches
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Abstract ; First of all, the development of aquaculture biotechnology in the world was briefly reviewed,
mainly including gene cloning, gene transfer, chromosome manipulation, polyploid induction, gynogenesis
and sex control in fish. Secondly, the development and achievement of aquaculture biotechnology recently
in China were presented, including the screening and cloning of functional genes in aquaculture animals, the
screening and application of molecular marker, breeding by gene engineering and cell engineering, culture
of fish embryo stem cell and the establishment of cell library, products of gene engineering for fishery,
vaccine development, the cryopreservation of fish sperm and embryo, and so on. Thirdly, the problem and
deficiency of the development and research in aquaculture biotechnology in China were pointed out by
comparing with the development abroad. Finally, the trend of aquaculture biotechnology was prospected,
moreover, the trend and key points of research in 5 to 10 years in China were suggested.
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FEAEYER RN T EEDEARL B, 6
RNERFEAFREZREEREEH. HP,
&R EEMEEMNER S A T RWER
# ( Limandn americanus ), 3£ W X 4
( Macrozoarces americanus ) % K V9 ¥ 2 ( Gadus
morrhua) FEEHIHEHZEEE cDNA, £ T
R, EEBE S T K& (Samo
salar Linnaeus ) {& £ JF 3 Z B % & (GnRH) 1Y
cDNA, EHERHEHED, ARSI NBEEK
BR (GH) Z KB (3 cDNA), M ir i
( Oncorhynchus mykiss ). K 7 ¥ &, E &
( Ctenopharyngodon idella ) %% ( Hypophthalmichthys
molitriz ) , #8 ( Cyprinus carpio ) 1 % ¢ &
( Oreochromis niloticus ) AR FEFHA L E T HE
T GH Z H; M U1 8, KX 5 ¥4 £ ( Oncorhynchus
Keta) . J 7 ¥ & 8 K I3 W8 £ ( Oncorhynchus
tschawytscha ), 48 K D W5 & ( Oncorhynchus
kisutch) . B85 ( Pagrus major ) | 4 4 ( Chrysophrys
auratus ) . 8% ( Pleuronectes platessa ) ., 4 & &
( Thunnus thunnus ), % 3F ., 88, 6F, %
( Aristichthys nobilis ), B £ 1 #8 &5 ( Anguilla
Jjaponica )% 16 Ffi 3 cDNA JCEF HET GH
cDNA, B GH b, b g [ T iR ) e 4 | o 6
MBS a LM MR, Z (PRL) cDNA FIR DG
8 Fo 8 B 0 R B M AR IR (GTH) F) cDNA,
[ B, 3 AR P VA | B £ R R T e R B A 43
BB —FETHY R (somatolactin) , 8 i B4 g A=
KRR, I XM ER R AT T 6
5o WAM  PHEFATEX F S R H RS R IR
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B A B SRa. SN ERKEE
cDNA BAF| KRBT E P, IR BE T TX
SRR RIMER . XEEA AL GH = XA
FshErERKRTRA W BHEIEER, REK
F— M X R S 50% ~300% , THRH R £ i
BREML, SKFH GH WARRME iR B FHE
ARERKER FEFEFPTRT KA
7, 2K IR FE T BATR R B e

& kAR Palmiter R EKME
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TR AR Bl R 8 £ F0 A\ THI i MR 2B
FUS S e 08 8. & Jesk. ir 68, KD Ia 6,
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KA FHR R N, B S E A
REFEFHBTHAT — A HOB B, B2 H
BRI ARE A AT

fa R EEERTRN S B SR RRGE
HEFEER . MERBEA B ERETETH
BATIRE N S Pk B AR FE B LR G
B KGRI T, BRESRET
BekSNRYIAE AR KT e, SFH R T
SMRE AR T M R A B, B A
MEKFLHN 20 pg-mL™, HFTHEE R SR
LR B35 K TR AR, 7 2 LAE B4 v A
PHTER
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3% , P FAFE T RAEFERZNHE DA
PHEMEZHFHEE. (2) BEAT S AT E™
A b e (XX) TIA 3 B M A, X AR Y
AMRBETT A MR T (X R T) XY
BT SIERI T8, =285 MM
ROURHE, REH REVLSF & T A AT HE
BAB R FUMBRET T —UOCEIE N A,
SR MR R B RN AU SR A T M
ZRSCHE, MEEREFRIE S BB A T E A, 1R
SZAKFEFRIEE VG, FEK Tl R MR N
JETEAE T MBS RE M aMEs . Sk
L, SRR E R AT T 2 RS D

R VG VEAE | 3 T 1 ME oA AR 387 L A
PR G —4F , BRI ME A 2R SRR, SR A i 7
2R EE T ERFRT ], 245, mEXEL
AR AETHE THE TR TS
B, RO T ISR KBRS AR F R
&, P TR KNSR R At . &iE,
SRPIFER BT RHE TRE AN K XDH
Y Yo T B Y — N AR 57 89 DNA 14,
FAMIRE RBIR A 5 S A st AR e o X — BRI
TR B R TG B B R A P R T — 5%
13 BRI R I T B, 7 £ 2 ) 4 1l A B e
A= P RAEEE XN AE N
1.2 A 20 42 90 £ 2] 20 H4E 90 £RK
B, AFEEMBRARREL T ERERE

XABrB— 4k g AT B R T RIB
rmEMERNEE, FERREAX B FNE
RER(INAERKBERERS), [, BEIFKH
IR S 7 1]«

AR#S  ARBEREEPHIRASTER
B2 AERNRFERMEAERE FHFERET
#, G BERERME T, ATEBNERE
EN“Ef” BEEE 26" EBE, WRES
&SR T A A KRR ALEE A
HFE;Du P ET - “om” ERMERE
BB, AT AREREBR ; [Fa TR
HERERKBRERB S FUREERMRNE
RZ—o HiE R KRR INE R ks
RN B F— R EEENEEL
(AFP) B EZI T, 7EXAIE, %A
REFEBNERENBE ., MEXFEHNFEE
KEEER RS A NAERKEE RIS ~5
£, Ho A e (R B AR R T B R 10 ~ 30
U e KR SR A B X R 4
i 2 F5, A BB R IR A 7. 7 577, b
R iR E AR AL 3L E T B AR

SFAFREG RS EHEEMZ
1974 4E, Grodzicker % €l 37 T RFLP ( restrictive
fragment length polymorphism, RFLP) AR, X &
&1 DNA 43 F4ric, 1980 4F Bostein B 5512 H
T A RELP {94 ict #2385 il ., RFLP fE
%5 1 X DNA 43 FHric R8Il T E# 5 DNA
ZRMR EBREICH BT B . FEGHESFRT
RAPD ., SSR I AFLP S AR TRk, B
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rAf RS S H AR EENANE, A
1990 4FCH IR B A K= 72580 SR, T8 AT
FH, T 90 FEMRNHZF T C R BIAK =57
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FIRc B E , — 2 E iR A RR %
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Postlethwait 2™ 70 181 5% 5 K BE Ty £ b 3 37 10,
WaJ5 ,Kocher ™ Bk T B AME— N 1EE
BiE, Ko aH 112 4~ AFLP 4Ricfl— 2 T E
FRIC; Young 25 Fi IR 5 B Y SUBAAE i
ME T — NI RNESE ., BFo2FinicEn
PR, 33 2 PR i v - i 2 B PO BE B 3 LS K, 1R 3R
AB|H#1T QTL EMHIER,

FERS T 48 e (ES) 32 4% 1981 4E, Evans 1
Kaufman S8 35678/ NR L8 RIS T4 R . H
TR T HRESI B EE KT EYEMER
et HAAERXRE N ANE, B,
FERG T 4 M 3B R B SRR E AR R B XS S 2
EEMRERFY L BRER, ARG T
A ISR B R 2R R 5 [ Collodi & 78R T
A AT, RE M SN A S SRS T4
MiZR, (BIFRE T ARG T 4 AR 55 SR, FE
J& , B Al Wakamatsu %' 7E % EFF B T ES
RSB 5B, TP 26 T ES 41
MR, [FIREERY Hong I Schatl™ gy T #
BERRG T4 R, HE S ES R ERIB T &
W A, RS, MG T 4355 B4 M R i
BRERE,

P EARBRAF Ao R 4 EXAB B, A
P PR ERE T B3 B BB 5 1T 18 A 2R
£ (B h —m BB R T R ERT,
W% E Goudie %™ Ei A TS RE T HEE
BAEEEREES; H AT R T MR L T
?LE[%] ;s ZZEFFB T Puntius gonionotus Bleeker M
BREWBIED, B, Mok & w5 #5145
FRAMKFRIF WL L EHFRER, HERE
00V 42 D) 0 240 M S AE 3B E B T S A N T
BREWTITY, FE, REHE A” Coy 4t
LM EXE FAIFEREART, SR

F®Coy MR B T2 X5, EE RN ERN
¥m, R EREE TR, M TESNE
B, R TS R M, AR R T U
T2k, FPUA BTl Hertwig 00, Bexk )L™
R RPB T TR B E AR B
AAFRIRF R, 5 T o E IR R T M,
BEHESRE 37.22 %, GRES A
HER B AL EXTHR A ZAE I, KRB T =5t
HR4D A, S 35k 62.5 %, IMRIAIZEE ™ 1
ol BT T ARSI R
1.3 M 20 143 90 £ 5 HI B 2006 &£ £k, BE
EANKRERATHOER, AFERHERBER
W TRABRGEIE, FANRER R

TEXABrBL, K 7= A W B R 3B 3% & E BUR I
HR, B RS BRI R E &, B KR
FREPRE S . X THBAK= A YRR R S
BAKFEEY e EF A M EMER B, Flun, %
E B 1997 SF L R E R B A =AY FEEH
RS, HE S 2 5 Fr sy (A X B K
RS B AR f R Bt ) i 5k R 2 PR IR A e
B3t ( Bp gt ZEE AR BBFFE R, B Al
BUSE AR, BRT,EE B H A48T
THHEAEYTARES, FRAER G HFEREE
YRR RS, 7E 2003 4E LLRT, WA B AR K
SRR 3 FEF—IK, BN 2003 FFH, £F
IKF=HE R R R B 2R, Ml N B R
£, B MR HK S WO 2 4R B FF—K 52003 4F
EHABHATE BERBHELEYHEAKRS
(IMBC) ;2005 “F7EMME R BH T £ 7 EE RS
HAYIHEAR K4 (IMBC) ,2007 42478 DL 6231 &
FE 8 WERGHEAEMBAR KRS 7T I, K=EY
FoAR B By E Br 3R T BRI 55 S

B AEAsr DIREEEAMREHRA
21 ERK=EY A KB —EER M.
EERERUBE S X EBESE A E, R T e
HEEHMRGIG, 8 T B A B H L Hh A
(ERELE. B, . R N B X)) B
cDNA 3L, 435I & T ¥+ 7 A~ EST [#31), %t
XU R FL R R R IE AT T 404, I 3] —
W5RE A RAREHE LK IIRERE, B
BlER MU T 67 48R A 2, 547 T ' B IR
RITREFHE R MBI ; WRE T F AT 1H#9 EST
R, B — R HE AR BN LT AR R R %, %
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ERERE TR T LY 3 UF i o Bl 2 B 4 B
9%, BESL T AL 44U cDNA 0B, Wl E T80T
A~ EST 31, )i Fi #4514 EST 14 T cDNA
EEREES), T R B Al HibE
F, 0 g E R R B R E S
ZEFREF A EE EREE AT T
ThRE LB R SRR ST

I A7 LA 2 MK R0 B D R PR O 6
FEABIFR T SA R T, 0 Xiang 2™
IR T o E SR AR FL R I B cDNA SCRE,
T _EJAN EST 551, 348 — K H 8RB gk A
(LR ; BAAAK ™ F0 Chen 251~ #e¥g Kk %
AR RE AR EFH BT KRBT/, W
T B8 K351 F 67 cDNA SCHEE, JIlE T 6 000
%A~ EST J5 31, gt A 5a e B 2h B 400 %
A o 5/ B R LT AR R 100 £, E
FAUFEGT B Bk KRB AR % B W 11 MHC
| SR AR LTI REEEE 20 4, AR AR
%HH 300 £, 2% E GenBank U3 Btk
o HM S E e A B FARMI 4 £ 5 1 e B
— e K BB AR AR L R EEE s A
FRT 4 IFEE R XRS5 Tk
(ST

sHERASFEHEERE  EETF
1997 4FJa 3 T R D £  BE A5 SR 1, 5 3F 48 X
IR B AR S AR, A1 SR TS
BIENERRE I T/, Liv S Mg TRA X
JE 435 B , B BT IEAEUEAT BAC SCRE MR BE
B3I & T, #TEEM AFLP %4 F4%
JERAR H 28 B, — W B E KRR A YR
T RBHMTEM AFLP %4 FH5i, Bl x 2
ST, B B AR T el B W T
1 JEHT R A UK P SRR S I 8 SR
5 E P, 384 MR IS Sk PE R R A A A
HIBFSE, B AT E TR RS FARC B B s %
HiEE, BAfEEA BE 5% 0 ARk KA
HMEN KBS KAL AT RENHK
TEARE, FMv D) 5 b ML S FAREH
5 FEEHURAR 2L 9 AFLP A9, 3F BB T i
FUMFLA T B3 A R

FAie KT mA AR AR
A 21 85 , Wi T A e E T &
BEFREEL FFEER, HEIEES LS

FRZESE B T AR T 40 B3k 5= B, 3790
BE T &KW ES AR BN, BRTRA
Chen 21~ gt~y TG M ABMEIR THKRE,
I AR UE B T RERG T 40 i i 2 BB, [F]
BB T LA AR KM R, i T R R T HE
Bk, JREN T A 2 A M B R AT HE I IE FA R
BERBARFA . A BEFITHES AR E B E
TEEEM, A AREERELTHY B
B T Y KSR 6T T 615 R B K R A 2K
LR 10 24N, B T 455 20 M8 ok @Ak
I ARFEA B AR 1

PR e AU For b A 224 BT 5L BRMER
BURSFAHESD Y, 14 5 k8 B A 1 B o A AR R
B, ARNAREHRT ZREEEZmIL, &
ZRSMRAFEE T GEW: BEOCRAEYSE)
B, R EHEE RS R . XA akHE
FIPREBFRHRT — M, B, FEE S THEY
FHARWRIE R R, I ILERA R AL RE
PR A R R AR E 2 BUG T SR
VB, Matsuda 25" 07 16 ) 75 6 1 1tk o i 2 1
DMY X RAef 2K R BEE— A ke 2 H
WEJS , Nanda "™ (L )\ % 8 Su e ) T DMY 2
B, fir 4 3 DMRTLY, {8 Kondo %" L) 7 #f iy
DMY #1 DMRT1 E R4t , 383 DNA Bk TE
PR H & 8 (0. celebensis) . 8 45 7 # (0.
mekongensis ) | WL #& ( Poecilia reticulata) . % dE i |
R p AR IR B R 1 A Br, Volff
X MHERE S E IR REE
(phylogenetic) 7317 =W, F# i) DMY B34k b
HB BB — Y Rk mE2E], E_RHE
B H 2 52K T EEE DMRTL £ %I
R, T HXAFAF R AT F 5 H MR a2k
FZE, BT, Hithts oA F e DMY B,

WEE 7 FARC AR K R &, LA B br B i
B8 2P A 5 43 T AR 10 9 B U B R
/&, Kovacs 2" Fi RAPD 5#i3E 854 ( Clarias
gariepinus ) WE b 5 R, 3.3 B A 1 3 R OR
[ RAPD 471z ; Rachael %" X iy 88 o 5 16 B
2 A A 7 B R i T2 AR D, Waldbieser
%[59] MBE S XA ( Ietalurus punctatus ) B ZEH P
FIFNEE L DNA SR BEDL o [ B % 8 1 — i
MR R (CHP 7 AL AR E A R B
EH) JFHSREAN R RS R TR R R AR
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WAL TR, Lee 2 423 10 A 54 51
ESIOMTERRIC, XEARCT U EREHT AR
Y Qe ik S B E BRI B A EAE 1 A EE L
ANY e pRHE R Em K E, Bzaz £
AFLP BEARFAMB B B ARHHE, RIS A Y
Yufa K % 8 (OniY425 ., OniY382., OniY227 ) # 1
AN X Yo fi 8 (OniX420) By AFLP #3iC, Heh
OniX420 1 OniY425 JEBI R %A 2 H . SATX Lk
FRICEIA BB B 4% R IR B, 3
B X BeARiT A B i S M R AE T B4,
P et 25 M B R R B4 FARIC B TR
TFIBEIAR > (B Rl H %5 6 2 1 B4 5 2 B AR
CHIMAR >, Chen %R F] AFLP 2 THRicH
AR B D YT 4 3 SR S AFLP 43T 47
i, IR TSR E B FEDERAR,

WA GRS TR R R R, Yk 2
B RS ROV E SN, B TR Ak
WA A 22 S B, BRIV 45 B A 0 R T B
BE MR A TR AR R AR
RBEEEEE, B LEILEE KRG E
BRI e R s e S apak e % T R
%; EPEJUE, B T 7EER e R 2 AT R
T YR S B ) S5 VR DU 3% e e
SN ETTR T FEERATLE I S vk | 2k
HER: R BOBTSE o

2 EWIK=AEY AR R &R
(2005 —2006 4E)

2.1 K=BhTheEE B Kk 5 e

I SRR = AR TR T K= FF T
B4R I 16 -5 T [ O BIE 5T, 3 7 T B B St
3 JUAF B P K ™ A D R SO B BT T8, B
BTEFHBOER, BEAEEEIT, 2005 -
2006 4F %, REFHEFEE A TIY ERFH RER
FolE 3 53T LA K ik o34 07 T B 30k 80 R
VAL, ZEE bR SCI Tl 4y b & 2% 9 28 1 v e 75 T B9
WICHIL 80 R b, XU SCE T KA R K
BT AR/ PR R R AR VEHS AT
FESR R | P ol R S O 7 ol I O 5 g
REFEFILRE, FIRHIRIRE, TRGHET
B 6T OPEEA RRE VBT B P EA
B SRR EAE A MR AN POKFHEA
2K, X AR BT X AR A AR I e

SR\ P RBIF A H AR BIRFLEHESIY, 5
ShbA — Y R BIRD EFSCB A R )
Y1 Hp RAREENPAEE RN aREa
BRI MERT KRN R, 1
ERsHFIY B A RBEHETE AL 20 £
Fa 0T At BST K@ , 075356 2] o [ X 4F
TR FL A I AR AR T AR RE AR S D BB SR Y, I
TEEWSNE R 20 BT Yy TH
B RS 67 A1 °F #F cDNA 3CFE 6 4>, € T EST
FF51 6 000 A, Ji 36 A v [ 2 Zh R & H] 400 &
A, H 5%/ PURERIIEEE 40 24, E R
BT K RADLHEAE X E & B M MHC 4,
SHERMREEHCIIEEE 20 24, HAbrE <5
B 300 4™, 7E B A AR R B T B R O T RO B 5
W20 TR s R A S KK
BWEMKBELG RAERET | AZEREHRIHE
B IR AR ST REZE B DL R S A 2K T R TR 4
177 e AT, EE NSRS ERRT — g
3P st H ARSI S AR A K 2
RESE R EATRRAT , R FSCEHOETC T xR stk
FARREREBATII, KR T — &3 g "™ 5
[T SPOKARERAFNEFMXIIEBERE 10
LA T & QAN RF RN KT REEE
BHEA
2.2 SFHCEINHIE SR

EPAER E XK= 3 FARic i R & JE
HER. BEA—HRNEREYT T ZMARFK™
FREA YR T2 \AFLP I ISSR %73 Tinicdk
ARo 2005 —2006 45K, 7EIR K B ¥ 07 1T, R i
i R NN TN NS SR
B 1o R S O™ SR T T 2 AR
jglres e ey K s O T, F B
BT REEHT LLEEAR T el AR 5 I P 8F SR A1
B, E XAE | B OB AR A R
AKFEFR AP TR FRig ™ T i
4b,BESL T 7F 6% AFLP Al ISSR 3 #r iR, 9128
LB T SR K AFLP #RiE"™ 0 &5 B BT
B, EWEENBRHEITA T 20 ZHERKTSF
YR D ERIC, BRI EKETER
HPWH T ERIC, RA R0k B RBFIIRE
R TLE , B EST-SSR (I B4Ric) 518 L EIRE
A FAR S X i DR AR DR A
AT T CHBIETMEETE, EfgS
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BOGERE BAn R ES R SR FAsIg T,
AT e IR T BT EA X T
FFico Zhang 2™ SEfE T HE 4K M A hg 1
R FE 5 B 4 & (major histocompatibility
complex, MHC) BRI #1T T AR, BB
MHC 5 2045 fvy 2 PR/ 5 B 2L 5 5 6 o) 8 O B
(Vibrio anguillarum) BHTHE/ B OC , B X 2
MHC & 2R/ B H B W] DR PR R RIS
RIEEE TR R, T AR FFRST
PRICH B TR, R E S R R g &
R & ( quantitative trait loci, QTL) 2 HFE K,
HETEMNYE ST 8, B E () XFaF H
LERNFEKF=2Fa YR EEHE
LTI SO QTL A K4 T8
T T RAFHEAE,
2.3 BEIRMAMIETH

H AU MR R 5 7 B A R K 7
YRR AR B, Wo U g T D@
G EE B, LUR T 2 H bk fr B B 1 A
Bh9T; Wang 2500 34T T AMRAE K SR LR 5%
R 40 0 TH BE B TR O BT 9 5 B T fe % R
BREENEE A o TR (HulFNo) BHERFHE
AESE 1 ~ DK SR

TR TR, EWERENNTREX
BEZ THEE, FEFRT R R TR, R
HIXTSEr KB HFATL3E, SRR TR R Z R
AR TS, KPR BN TR &
FEEIRET TR THE L BRBI; %
AU R A RAPD AR T ATHBRE
BHRERE F, BREER R AU R s e 24
M A R RRMR L T T RN RES
SUHMEHREEHBRT BRMAERE;H
T TR R T ML e R E R BEST; £
REET R T RS AR R BHBIR; 2
182 1 R R AMR IR ST R T 3RS U
ANTHBREE %R T 05, RS R
R BRSO T 8RB K T AR A&
NHEMBEET _RBhRRXANASEHETRE, &
BT GROR RMER R B A — R R A
T, MBHMZEA T ks TRARSNEYS
B EH SR 8 AL IR BT R 5 B 228 M
JET AL Bk 5 L RS L0 2T B ME B R B B9 B
FIOW, GRS TR TRLABBRRT

FHIRMBHPIT, Xiang 21 S5E 3 Rk L7
BEEHR R T+ E SRR =5, R e = 3
FEB TR T RN =R ERE. KK
KIZRIFR R, 3 TR AR RBE R,
Sun 4510 38 3o 2 SR IR B O 3, KT B A
F.REHARSETHAREENIEITTHERS .
2.4 KFEFRE T Y IERG T 40 BE A 15 SR F0 40 R EE
MBI AR AENKARR T
WK a R M EE S F S RBUS A B R, 4
1, Chen 2% nt9eH &0 ) pybpamaiely
s A EHICRG T4 R W Bl L S50t
FEAERFE(GFP) # B A G T 4UEH, &1
T 3% GFP HAE S IRRG T4 fukk , R bR g s T
R T 4iiERE B A, IR18 T GFP drid i Ris T
MM S E MR D AR RAE . Bk, &
WET v EERKMEBERFWFEIREHRIEK,
ST AR B R T H A IE SR R R SR IR AR AR A%
H, FEE R bt 5 A — R FE, RS T 1R
5 ELAR T B OREE T R BT 6T A 2SR R
IKFRTE KM R T A — S0 35 7 XU 0 b
AL F A T — 8 TAE, w18 TIRR
I SkAHA, B A KRIMERIERIL
Wo HERFELD 3 EGFP 2 B7E ob [ B XHF IR
RIFBAAMP I AMBREST THR. T
2 11507 s ok FL 49 28 ot A I 94 2L 5 90K 2L 4 4T
THF, BB pH7E 7.0 ~7. 2 I MM BRI E
A KB, H 2R E 40 g3 E , Chen
DU 1 B T 38 A I UL 75 355 9% Ok T WA £ R i 20 i
HIE A A R BRIV B, R IE 4 A KR
PR L T R AR, MREE BT
THEEEEFYE L R M R, F A R AT T ARk
MR N SR, ERmg"
JE T B A U A i 400 e AR i 200 P AR B 8 O A
o
2.5 EBAEETIREESMESGTE
F28% " R RT-PCR J7 ik P25 3 (A 3%
15 T Wi GtHB I ) cDNA TL[E3)] pET-32(a)
H, %4k BL21 (DE3) , L) IPTG SRS EHK
BTk, Western-blot J ELISA 4347, 45 R 8~
RIGH ZHRERF RS B RAREH, B
4x1%T 2 ) RT-PCR $ A W 2[5 2 B AR 20 47 o
¥ AR E B K cDNA 45750, ME TR
BB AR pET-28a-1i, F|H IPTG 78 K I+ 5



832 X o R 1%

BT TSRS, FFXNRBFYHIT T4
ALFNA s R, ik =Y it ai 4L R
B BINE DR A K, Chen £ 5
M T EMAHLEE K hepeidin 2, IF7EBE R P 1T
TRERETEADEK, RN BB E M,
Xu & R B BFRKT WSSV B VP28 Al
VP19 A, I8 O RAHE AR T/NEIR, RH
XHER/NBARHT WSSV B BE 1A —E/EA. Du
a7 RIGFFE ik WSSV28 B L BT
/NIRERXT WSSV SR B HEHL T -
2.6 BEEBEWIEHE

W JUAESR , R E 7E 1 K £ 2085 T FI IR G ¥ W
R EBSERE , S FAGRAF A E, 3t
A7 T 20 MK AT RIGRFHARANE
KEHNET I, BB AL K, R DA
BEARBARGHEFZHEERBEREMEELE
W SR SRR TR T TR
RO AR R BN A RSB R R T
BUS =BT, BF 5 T 30 A T 8RR B
PAER, 8 T K AR B AR R T
AR, ZRBTIHAE R R B W T 6L
BGOSR TS B AT T
EBRSRSEK T

3 REMBM

AYEARKER BN BARS TR AR T
HREITOR T B, Th ¥ v A2 ) 2 R B IR I & X
N KA R AT R T FEREE
IR WHRABERAMUEETE—SHEY
FEIRE ST, T B BAE B m T f R &
HE R FIREE T IR A KB BRI S
MNERRIR S ERE, EH NN RERARE
R EAR ERAREFH TR, \TEERE
JUAEA EPURZE SR BT T T BUS B R R
A V5, NLE U0 B B K IR A A KPR K T
REZE I e AR IR BV B M A R o FARICH
BB RERBBESE, WTLLARLE  FEARRK 4 ~6 4E 1N,
KERM KA RTINS T B RIRA A
Br B IR STHEA TS, TR 3R K IR 7 £ 2R
R T BT R T, HFHE S R E e KR K
HRFEEAIE,

IKF=HEIBAR— T E O ERA TR T2 T K
B F BRA A K 3o K R SR R AR AT S

mgit ERAR AMFEMEERER R R
FIBT R I BT R AP R TR s 5 — 5 T, N IR
BOAR, T RAAE F= H B9 18 7 PR SR =7 7E FR P
Y IR R EAEK SRR ESEY
HEEWR. b, XWEAR B S5 E Rk
FEFG IR P H RV AR R, R 21 K
FEREMNEARETMZ—, HRSEEKAE
Y AR SRR 55 5, DA A5 B BURF R K = A
WIBARBIK I TR, K= A E AR RE KR
BT BRIFMVLE, BIEE R LK ERIVR A
P EEYRAIE 5 ~ 10 EE R EK=E YA
BRI T L T BUS R E KR, 8iih
Bk ARy K, X et R R E 4 E D17
HAHR T MAAE,
3.1 EEAFFEEVHGEERAFHR

FRIJUE, Bbs TR 2 ~3 a2 ~
3 FREEFRHAR . W REFH 255 =8 TE,
PR K= SR A Y S R AR 2R I s A RN
YoKFE s ERB -SRI KA
PR SR B RA X TR R, A H
—WEEREFN R RA ARG, MHE
BRI BEEMENRHET REN
R RIS ROK AR SRR
AEENANENEETR,
3.2 BEEAEREIYHSFEMHHEAR

B EBREBRKFE Y LD — Kt 5
PO U A AT M B R R E BRI A
REEEIRCFSFARC, WE R YR,
I RSB T R 5% QTL B 7E SR
Wb, ESOKERE Y FAic s B M
REEER , IAE BRFPIE T AT N
3.3 AFEFEEMEESHEETREMREE
A% FHricryfEiE

Wt T2 L AFLP #1 SNP %4> TARicH
AR, FEBEGRK TR Y3 & LR EN
A SE B FESR b2k B 0% 1 tH AR R Fp 2 R F o
R A F B DL R R R A 2k B S A
MR R ST, B XA THREEN ST
FRieE AR AR
3.4 EEIEEHER

WAE ] ~2 FVERES OKFHEAR E XA
FHMNREHEE SBEAEAR, B AKHRAN FH
HHAFRBRERE SR A, Ed5 ASMNE



6 3 BRAAMR K P LR HOR BT BB SR T R R AT R R R 833

A R B0 A AR AR Y BOR B A K il A
H, AEE THEE IR ARRR,
TAXENERETMFE, EaBEEK A
B8 LRV B P A SR B B R I A I, TR e fa 4
ARHALRFH BT, HEESTEAREEYH
HARZIW 2" HERRE, AR EENES
HRBEERE, B THNAANRREREN
BERAFEAR, AT REERENEERARES
B E AR A& B EIUREEER L E
BRI R, A T RRIRE PR I R A
HFEAK,
3.5 YT REMHER
PR R KARNAR TETHNEER
J S TEMEEAE K 2 R B IR KRR A 2R
P A 5 B BE L B A0 3 A 1 0 8 O T AR 2R
e B BEEAREARBAEINEEN S TFA
W2 EOR s oK R 78 B RMER K B i A 4R
T AR RGP LR , R B =k AbpE K
3.6 ERETIERIRGWINRETE
ThRBHE R 4H 20 K 7= IR AR MR E BTG T
REFTHIIR R, BUWHE L D RB 2 R I IRAGH A T 2
A= Yy 2 BARDR IS I R) A B 42 A R R R
HERNERNTEFEREREE-RHSA AR UEH
B RS PLRT™ o, B 7R BOK = 75 S YR & B
BRI
3.7 KEFEDMEREEWIERR
HE I RA IR R R R IR T
REBF, B P EE N SRR =S Y
IRV RTFRAR T, AR E A XM K
BRERBEERTFE,

4 ZhHiE

BRI, ANEEEREHENFFI B B 58 Bk R
WAL T A=Y AR R R, e 4 Dy
BL BT — UK = YRR B 2R OB Y
=l B b RO R P BT ST U, 1 JLAF BB B oK™
A YIBARBISE R RIGE, 33 7K 7= A Y R H TR
RIBHF R EEDIT s YRR IR K™
R AR ZRERY RF BT R ED
B HRRPFE R L EOK ™ il TE7 e &
B B R R S A N B DL AT R . BRI IR
TR EYRARFZ T EET R T RET
Y, TR R A 7 TAniC 2 BN TR A0 g

TREUAMGREY TRETEREERLRE, &
2y e ke S o i S S GV =Y
SEREHEAKFHE L, EFHYE RN ZE, RE
LR ANGE K 7= A P B AR B ST B TR Bt B okx
IR YIRS 57 AR R BB R
EK=EBEAREART R SRR ERMTEE,
Pl 7 ] s ) BT 5 W X R B K ™ SR A o
FEENERFE,JTE B EQFHHE, KRR
EK = A YA B TR B iR 8, Dy TR E K™
FrRER B ] RR SRR R R R AR MEEOR ST

S k-

[1] Palmiter R D, Brinster R L, Hammer R E, et al.
Dramatic growth of mice that developed from eggs
microinjected with metallothionein-growth hormone
fusion genes[ J]. Nature,1982,300:611 —615.

[2] Zhu Z,Li G,He L,et al. Novel gene transfer into
fertilized eggs of gold fish[J]. Z Angen Ichthy,
1985,1:31 —34.

[3]  Chourrout D. Techniques of chromosome manipu-
lation in rainbow trout: A new evaluation with
caryology[ J]. Theor Appl Genet,1986,72.627 —
632.

(4]  RAES 0 2. o FnE f BN SCREM s B oA
KERZERMYSIEERZEMEI]. KEEY
2238 1990,14,176 —178.

[5] DusS J,Gong Z,Hew CL,et al. Development of an
all-fish gene cassette for gene transfer in
aquaculture[ J]. Mol Mar Biol Biotechnol,1992,1 ;
290 -300.

[6] Gong Z Y, Vielkind J R, Hew C L. Functional
analysis of promoter regions from fish antifreeze
protein genes in transgenic Japanese medaka
embryos[ J]. Mol Mar Biol Biotechnol,1991,1 ;64
=72,

[7] Du S J, Gong Z Y,Fletcher G L, et al. Growth
enhancement in transgenic Atlantic salmon by the
use of an “all-fish” chimeric growth hormone gene
construct [ J ]. Bio/Technology, 1992, 10; 176 —
181.

[8] Devlin R H, Yesaki T Y, Biagi C A, et al. Extra-
ordinary salmon growth[ J]. Nature,1994,371 : 209
-210.

[9] Zhu Z Y. Generation of fast growing transgenic
fish; methods and mechanisms [ M ]//Hew C L,
Fletcher G L ( Eds. ). Transgenic fish. World



834

K =¥ R

31 %

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

Scientific Publishing, Singapore ,1992:92 —119.

Estoup A, Rousset F, Michalakis Y, et al. Compa-
rative analysis of microsatellite and allozyme
markers ; a study

case investigating

microgeographic differentiation in brown trout
(Salmo trutta) [J]. Mol Ecol,1998,7 :339 —353.
O’ Reilly P T, Herbinger C,Wright J M. Analysis of
parentage determination in Atlantic salmon ( Salmo
salar) using microsatllites [ J]. Animal Genetics,
1998,29.:363 —370.

Coughlan J, McCarthy E, McGregor D. Four poly-
morphic microsatellites in turbot Scophthalmus
maximus[ J]. Animal Genetics,1996,27 (6) ;441 —
447.

Harald H, Svein L., Mona M, et al. A Bkm-related
DNA sequence gives individual DNA fingerprints in
turbot ( Scophthalmus maximus) [ J]. Comparative
Biochemistry and Physiology,1994,107B(1) :69 —
73.

Estoup A, Gharbi K, SanCristobal M. Parentage
microsatellites in  turbot

assignment  using

( Scophthalmus maximus ) and rainbow trout
(Oncorhynchus mykiss ) hatchery populations[J].
Can J Fish Aquat Sci,1998,55(3) ;715 —-725.
Coughlan J P, Imsland A K, Galvin P T. Micro-
satellite DNA variation in wild populations and
farmed strains of turbot from Ireland and Norway:
a preliminary study[ J]. J Fish Biol,1998,52(5):
916 —922.

Sekino M, Takagi, N, Hara M, et al. Analysis of
microsatellite DNA polymorphisms in rockfish
Sebastes thompsoni and application to population
genetic studies[ J]. Mar Biotechnol, 2001,3:45 —
52.

Bielawski J P, Pumo D E. Randomly amplified
polymorphic DNA ( RAPD ) analysis of Altantic
coast strip bass[ J]. Heredity ,1996,78:32 —40.
Garcia de Leon F J, Chikhi L, Bonhomme F.
Microsatellite  polymorphism and  population
subdivision in natural population of European sea
bass Dicentrarchus labrax(Linnaeus,1758) [ J]. Mol
Ecol,1997,6:51 - 62.

KO, REL, KL B EE (Acpenser
sinensis) AR FH28 ) mtDNA EH| X HEKE X
FIIREHAMBXT]. FEEMESSTHE
PpZ# R ,2000,16(4) :458 —461.

Postlethwait J H, Johnson S L,Midson C N, et al.
A genetic linkage map for the zebrafish [ J].

(21]

[22]

(23]

[24]

(25]

(26]

[27]

(28]

(29]

(30]

(1]

(32]

(33]

Science ,1994,264 :699 —703.

Kocher T D, Lee W J, Sobolewska H, et al. A
genetic linkage map of a cichlid fish, the tilapia
(Oreochromis niloticus ) [ J]. Genetics, 1998, 148
1225 -1232.

Young W P,Wheeler P A,Coryell V H. A detailed
linkage map of rainbow trout produced using
doubled haploids [ J]. Genetics, 1998, 148 839 —
850.

Collodi P,Kamei Y, Sharps A, et al. Fish embryo
cell cultures for derivation of stem cells and
transgenic chimeras [ J]. Mol Mar Biol Biotech,
1992,1:257 —265.

Wakamatsu Y, Qzato K, Sasado T. Establishment of
a pluripotent cell line derived from a medaka
( Oryzias latipes ) blastula embryo [ J]. Mol Mar
Biol Biotechnol,1994,3.:185 —191.

Hong Y, Schartl M. Establishment and growth res-
ponses of early medakafish embryonic cells in
feeder layer-free cultures [ J]. Mol Mar Biol
Biotechnol,1996,5:93 —104.

Hong Y, Winkler C,Schartl M. Production of meda-
kafish chimeras from a stable embryonic stem cell
line[ J]. Proc Natl Acad Sci USA,1998,95:3 679
-3 684.

Goudie C A, Simco B A, Davis K B, et al. Pro-
duction of gynogenetic and polyploid catfish by
pressure-induced chromosome set manipulation[ J].
Adquaculture ,1995,133:185 —198.

Suwa M, Arai K, Suzuki R. Suppression of the first
cleavage and cytogenetic studies on the gynogenetic
loach[ J]. Fish Sci,1994:60:673 —681.
Pongthana N, Penman D J. Karnasuta J, et al
McAndrew. Induced gynogenesis in the silver barb
( Puntius gonionotus Bleeker ) and evidence for
female homogamety [ J]. Aquaculture, 1995, 135;
267 —276.

FHEME, A4 E, X5 E, % 5 E X IR ( Penaeus

chinensis) IUFE RSB ST ] . GEERISE,1992,4:

55 —59.

WAk, AiRR, K2R, PEXIF=AERNE LR

BroE[T]. #14%,1993,15(5) :15 —18.

Bl bk g FTIE R, 5. B EIXIF A TS
BRBERPIR | — W ERET]. SR,
1995,3:35 —41.

ARE, K2R, E % PEXNITF=AERNE
THEN. SRR B LET]. BHER,
1993,15(3) :101 —106.



6 3

BRAAMR K P LR HOR BT BB SR T R R AT R R R 835

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

[43]

(44]

[45]

MR, ZE I FEARSERERFGREE
WEERR[I]. K%K, 1993,17(3):243 -
249,

Karsi A,Cao D,Li P, et al. Transcriptome analysis
of channel catfish ( Ictalurus punctatus ) ; initial
analysis of gene expression and microsatellite-
containing cDNAs in the skin[ J]. Gene, 2002 ,285
(1-2).:157 -168.

Nam B H, Yamamoto E,Hiromo I, et al. A survey of
expressed genes in the leukocytes of Japanese
flounder , Paralichthys olivaceus ,infected with Hirame
thabdovirus[ J]. Dev Comp Immunol ,2000,24 (1) ;
13 -24.

Katagiri T, Hirono I, Aoki T. Molecular analysis of
complement component C8beta and C9 c¢cDNAs of
Japanese flounder, Paralichthys olivaceus [ J ].
Immunogenetics ,1999,50(1 —2) ;43 —48.

Inoue S, Nam B H, Hirono I, et al. A survey of
expressed genes in Japanese flounder ( Paralichthys
olivaceus) liver and spleen [ J]. Mol Mar Biol
Biotechnol ,1997 ,6(4) :376 —380.

Gross P S,Bartlett T C,Browdy C L, et al. Immune
gene discovery by expressed sequence tag analysis of
hemocytes and hepatopancreas in the Pacific White

Shrimp, Litopenaeus wvannamei, and the Atlantic
White Shrimp, L. setiferus[ J]. Dev Comp Immunol ,
2001,25(7) :565 —577.

Xiang J H, Wang B, Liu B, et al. Over 10000
expressed sequence tags from Penaeus chinensis[J].
Plant, Animal & Microbe Genomes X Conference,
2002,16.

WRthpk. 75 p53 ZEN SL e 45 M 4 AT B R VR B 4
AR T]. bR , 2002 ,48(4) :519 —526.

Chen SL, Xu MY, Ji XS, e al. Cloning and
characterization of natural resistance associated
macrophage protein ( Nramp ) c¢DNA from red sea
bream ( Pagrus major ) [ J]. Fish & Shellfish
Immunology ,2004,17(4 ) :305 —313.

Chen S L, Xu MY, Ji X S, et al. Cloning,
characterization, and expression analysis of hepcidin
gene from red sea bream ( Chrysophrys major) [ J].
Antimicrob Agents Chemother,2005,49(4) :1608 —
1612.

Zhang Y B, Gui J F. Identification and expression
analysis of two IFN-inducible genes in crucian carp
( Carassius auratus L. ) [ J]. Gene, 2004 ,325:43 —
51.

Zhang Y B,Li Q,Gui J F. Differential expression of

[46]

[47]

(48]

(49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

two Carassius auratus Mx genes in cultured CAB
cells induced by grass carp hemorrhage virus and
interferon[ J]. Immunogenetics, 2004,56 (1) :68 —
75.

Liu Z,Karsi A,Li P,et al. An AFLP-based genetic
linkage map of channel catfish ( Ictalurus punctatus)
constructed by using an interspecific hybrid resource
family[ J]. Genetics,2003,165(2) :687 —694.

Sun X W, Liang L Q. A genetic linkage map of
common carp ( Cyprinus carpio L. ) and mapping a
locus associated with cold tolerance trait [ J].
Adquaculture ,2004 ,238:165 —172.

Chen S L, Ye H Q, Sha Z X. Establishment of a
pluripotent embryonic cell line from sea perch
( Lateolabrax japonicus ) blastula embryo [ J ].
Adquaculture ,2003 ,218:141 —151.

Chen S L, Ye H Q, Sha Z X. Derivation of a
pluripotent embryonic cell line from red sea bream
blastulas[ J]. Journal of Fish Biology,2003,63:795
—-3805.

Chen S L,Sha Z X,Ye H Q,et al. Pluripotency and
chimera competence of an embryonic stem cell line
from the sea perch ( Lateolabrax japonicus) [ J].
Marine Biotechnology,2007,9.:82 —91.

Chen S L,Ren G C, Sha Z X, et al. Development
and characterization of a continuous embryonic cell
line from turbot ( Scophthalmus maximus) [J].
Adquaculture ,2005 ,249 :63 —68.

Ye H Q,Chen S L,Sha Z X, et al. Development and
characterization of five cell lines from heart, liver,
spleen and head kidney of sea perch ( Lateolabrax
japonicus ) [ J]. J Fish Biol, 2006, 69 ( Supplement
A):115-126.

Matsuda M, Nagahama Y, Shinomiya A ,et al. DMY
is a Y-specific DM-domain gene required for male
development in the medaka fish[ J]. Nature, 2002,
417 59 —-563.

Nanda I, Kondo M, Hornung U, et al. A duplicated
copy of DMRT]1 in the sex-determining region of the
Y chromosome of the medaka, Oryzias latipes[J].
Proc Natl Acad Sci USA,2002,99(18):11778 -
11783.

Kondo M, Nandam I, Hornung U,et al. Absence of
the candidate male sex-determining gene dmrtlb
(Y) of medaka from other fish species[J]. Curr
Biol,2003,13(5) :416 —420.

Volff J N, Kondo M, Schartl M. Medaka dmY/

dmrtlY is not the universal primary sex-determining



836 b S R 4 31%
gene in fish[ J]. Trends Genet,2003,19(4) :196 — 249,107 -114.
199. [69] Xu H,GuilJ,Hong Y. Differential expression of vasa

[57] Kovacs B,Egedi S, Bartfai R, et al. Male-specific RNA and protein during spermatogenesis and
DNA markers from African catfish ( Clarias oogenesis in the gibel carp ( Carassius auratus
gariepinus ) [ J]. Genetica,2000,110(3) :267 —276. gibelio ), a Dbisexually and gynogenetically

[58] Rachael A. Woram,K G, Takashi S,et al. Compa- reproducing vertebrate[ J]. Dev Dyn,2005,233(3) ;
rative genome analysis of the primary sex- 872 -82.
determining locus in salmonid fishes [ J]. Genome [70] LiuJ X,Gui J F. Expression pattern and develop-
Res,2003,13:272 —280. mental behaviour of cellular nucleic acid-binding

[59] Waldbieser G C, Bosworth B G,Nonneman D J,et protein ( CNBP ) during folliculogenesis and
al. A microsatellite-based genetic linkage map for oogenesis in fish[ J]. Gene,2005,356:181 —192.
channel catfish, Ictalurus punctatus [ J]. Genetics, [71] Zhou L, Wang Y, Yao B, et al. Molecular cloning
2001,158(2) ;727 — 734. and expression pattern of 14 kDa apolipoprotein in

[60] Lee B Y,Penman D J,Kocher T D. Identification of orange-spotted grouper, Epinephelus coioides [ J].
a sex-determining region in Nile tilapia( Oreochromis Comparative Biochemistry and Physiology ( B ),
niloticus ) using bulked segregant analysis[J]. Anim 2005,142(4) ;432 —437.

Genet,2003,3(5) :379 —383. [72] Zhang Y X, Chen S L, Liu Y G, et al. Major

[61] Ezaz M T, Harvey S C, Boonphakdee C, et al. histocompatibility ~complex class IIB allele
Isolation and physical mapping of sex-linked AFLP polymorphism and its association with resistance/
markers in nile tilapia ( Oreochromis niloticus L.) susceptibility to Vibrio anguillarum in Japanese
[J]. Mar Biotechnol(NY) ,2004,6(5) :435 —445. flounder ( Paralichthys olivaceus ) [ J ]. Mar

[62] Chen S L,LiJ,Deng S P,et al. Isolation of female- Biotechnol ,2006,8(6) :600 —610.
specific AFLP markers and molecular identification [73] Zhu R, Zhang Y B, Chen Y D, et al. Molecular
of genetic sex in half-smooth tongue sole cloning and stress-induced expression of paralichthys
( Cynoglossus  semilaevis ) [ J ]. Marine olivaceus heme-regulated initiation factor 2alpha
Biotechnology, 2007 ,9 :273 —280. kinase [ J]. Dev Comp Immunol, 2006,30 (11):

[63] Tvedt H B,Benfey, T J, Martin-Robichaud,D J,et 1047 —1059.
al. Gynogenesis and sex determination in Atlantic [74] Ji G D,Zhou L,Wang Y,et al. Identification of a
halibut ( Hippoglossus hippoglossus) [ J]. Aquaculture, novel C2 domain factor in ovaries of orange-spotted
2006,252 ;573 —583. grouper ( Epinephelus coioides) [ J]. Comp Biochem

[64] Yamamoto E. Studies on sex-manipulation and pro- Physiol B ( Biochem Mol Biol ) ,2006,143 (3) :374
duction of cloned population in hirame , Paralichthys -83.
olivaceus( Temminck et Schlegel) [ J]. Aquaculture, [75] Dong C W,Zhang Y B,Zhang Q Y, et al. Diffe-
1999,173.235 —246. rential expression of three Paralichthys olivaceus

[65] Piferrer F,Cal R M, Gomez C, et al. Induction of Hsp40 genes in responses to virus infection and heat
gynogenesis in the turbot ( Scophthalmus maximus ) shock[ J]. Fish & Shellfish Immunol ,2006,21(2) ;
[J]. Aquaculture 2004 ,238 ;403 —419. 146 —58.

[66] Liu S, Liu Y, Zhou G, et al. The formation of [76] Wang B,Li F,Dong B,et al. Discovery of the genes
tetraploid stocks of red crucian carp x common carp in response to white spot syndrome virus (WSSV)
hybrids as an effect of interspecic hybridization[ J]. infection in Fenneropenaeus chinensis through cDNA
Adquaculture ,2001,192(2 —4) ;171 —186. microarray[ J]. Mar Biotechnol,2006,8(5) ;491 —

[67] Li L,Xiang J,Liu X,et al. Construction of AFLP- 500.
based genetic linkage map for Zhikong scallop, [77] Sun B,Chang M, Chen D, et al. Gene structure and
Chlamys farreri Jones et Preston and mapping of sex- transcription of IRF-2 in the mandarin fish Siniperca
linked markers[ J]. Aquaculture 2005 ,245 :63 —73. chuatsi with the finding of alternative transcripts and

[68] Wang H, Li F, Xiang J. Polymorphic EST-SSR microsatellite in the coding region [ J ].

markers and their mode of inheritance in

Fenneropenaeus chinensis [ J ]. Aquaculture, 2005,

(78]

Immunogenetics ,2006,58(9) :774 — 784.
Zhang B, Li Z J, Tong J G, et al. Isolation and



6 3

BRAAMR K P LR HOR BT BB SR T R R AT R R R 837

(79]

(80]

(81]

(82]

(83]

[84]

(85]

[86]

(87]

(88]

characterization of 18 polymorphic microsatellite
markers in Chinese mandarin fish Siniperca chuatsi
(Basilewsky ) [ J]. Mol Ecol Notes ( Published
online ) ,2006.

Zhang J, Cai Z, Huang H. Isolation and characte-
rization of microsatellite loci from mangrove red
snapper Lutjanus argentimaculatus [ J]. Mol Ecol
Notes,2006,6:408 —411.

Du H,Xu Z, Wu X, et al. Increased resistance to
white spot syndrome virus in Procambarus clarkii by
injection of envelope protein VP28 expressed using
recombinant baculovirus [ J ]. Aquaculture, 2006,
260:39 —43,

Yao C L, Wu C G, Xiang J H, et al. Molecular
cloning and response to laminarin stimulation of
arginine kinase in haemolymph in Chinese shrimp,
Fenneropenaeus chinensis [ J]. Fish & Shellfish
Immunol ,2005,19(4) :317 —29.

Liu J X, Gui J F. Expression pattern and develop-
mental behaviour of cellular nucleic acid-binding
protein ( CNBP )
oogenesis in fish[J]. Gene ,2005,356:181 —192.
Liu M, Zhang S, Liu Z, et al. Characterization,
organization and expression of AmphilysC, an
c-type
Branchiostoma belcheri tsingtauense [ J ]. Gene,
2006,367:110 —117.

Song L,Zou H, Chang Y, et al. The cDNA cloning

and mRNA expression of a potential selenium-

during folliculogenesis and

acidic lysozyme gene in amphioxus

binding protein gene in the scallop Chlamys farreri
[J]. Dev Comp Immunol,2006,30(3) :265 —73.
Song L, Xu W, Li C, et al. Development of ex-
pressed sequence tags from the Bay scallop,
Argopecten irradians irradians [ J]. Mar Biotechnol,
2006,8(2) :161 —169.

Song L,Wu L,Ni D,et al. The cDNA cloning and
mRNA expression of heat shock protein 70 gene in
the haemocytes of bay scallop ( Argopecten irradians,
Lamarck 1819) responding to bacteria challenge and
naphthalin stress [ J]. Fish & Shellfish Immunol,
2006,21(4) :335 —345.

Zhu R, Zhang Y B, Chen Y D, et al. Molecular
cloning and stress-induced expression of paralichthys
olivaceus heme-regulated initiation factor 2 alpha
kinase [ J]. Dev Comp Immunol, 2006,30 (11):
1047 —-59.

Chen S L,Li W,Meng L, et al. Molecular cloning

and expression analysis of a hepcidin antimicrobial

(89]

[90]

(o1]

[92]

(93]

[94]

[95]

(96]

(97]

(98]

(99]

peptide gene from turbot ( Scophthalmus maximus)
[J]. Fish & Shellfish Immunol ,2007,22(3) ;172 —
181.
Chen S L,Zhang Y X,Xu M Y, et al. Molecular
polymorphism and expression analysis of MHC class
I B gene from red sea bream ( Chrysophrys major)
[J]. Dev Comp Immunol ,2006,30(4) :407 —418.
Chen S L,Wang Z J,Xu M Y, et al. Molecular
identification and expression analysis of natural
resistance associated macrophage protein ( Nramp )
¢DNA from Japanese flounder ( Paralichthys
olivaceus) [ J] . Fish & Shellfish Immunol, 2006, 20
(3) :365 —73.
Zhang Y X, Chen S L. Molecular identification,
polymorphism, and expression analysis of major
histocompatibility complex class IIA and B genes of
turbot( Scophthalmus maximus) [ J]. Mar Biotechnol
(NY),2006,8(6) :611 —623.
WRH, IR, D EE % RFEXATMEHERE
WEEH 2K cDNA TS FFIHT]. K=
1} ,2005,29(1) ;128 -132.
ERR, BRI, B . T 6F 8RR AR
¥ (NKEF) 2K cDNA 5 &R RE [ T].
B ARENR ,2005,15(11) :86 —90.
KEE, BAbk. K326F MHCIIB #H £ K cDNA
RTERE S HRRB AT T]. BIAER,2006,16
(8) :859 —863.
HEERH , BRavk. RSN A KR (MSTN) £H
RITERE R RK AT T]. BBEAREIN,2006,16(7) :
718 - 726.

Chen Y D, Zhang Y B, Zhu R, et al. Inductive
analysis  of

Paralichthys olivaceus pigment epithelium-derived

expression and characteristic
factor in a virally infected cell line [ J]. Biochem
Biophy Res Commun,2005,335 :799 —809.

Bei J X, Suetake H, Araki K, et al. Two interleukin
(IL)-15 homologues in fish from two distinct
origins[ J ]. Mol Immunol, 2006, 43 (7) : 860 —
869.

Kuang Y M,Li W S,Lin H R. Molecular cloning
and mRNA profile of insulin-like growth factor
type 1 receptor
Epinephelus coioides [ J]. Acta Biochim Biophys
Sin( Shanghai) ,2005,37(5) :327 —334.

Yin Z X, Wei H,Chen W J, et al. Cloning, ex-

pression and antimicrobial

in orange-spotted grouper,

activity of an
antimicrobial peptide, epinecidin-1, from the

orange-spotted grouper, Epinephelus coioides [ J].



838

K =¥ R

31 %

(100]

[101]

[102]

[103]

(104]

[105]

(106]

[107]

(108]

(109]

[110]

[111]

[112]

Agquaculture ,2006 ,253 :204 —211.
Luo T, Yang H, Li F, et al. Purification, cha-
racterization and cDNA cloning of a novel
lipopolysaccharide-binding lectin from the shrimp
Penaeus monodon[J].Dev Comp Immunol 2006,
30(7): 07 -617.
Pan D, He N, Yang Z, et al. Differential gene
expression profile in hepatopancreas of WSSV-
resistant  shrimp ( Penaeus japonicus ) by
suppression subtractive hybridization [ J ]. Dev
Comp Immunol ,2005,29(2) ;103 —112.
Lin H F, Shao J Z, Xiang L. X, et al. Molecular
cloning , characterization and expression analysis of
grass carp ( Ctenopharyngodon idellus ) NF45
(ILF2) ¢DNA, a subunit of the nuclear factor of
activated T-cells (NF-AT) [J]. Fish & Shellfish
Immunol 2006 ,21(4) :385 —392.
Yang T Y,Hao H F,Jia Z H, et al. Characterisation
of grass carp ( Ctenopharyngodon idellus) MHC
class I domain lineages [ J ]. Fish & Shellfish
Immunol 2006 ,21(5) :583 —591.
Hao H F,Yang T Y,Yan R Q,et al. cDNA cloning
and  genomic grass  carp
( Ctenophayngodon idellus ) beta2-microglobulin
gene[ J]. Fish & Shellfish Immunol ,2006,20(1) ;
118 -123.
IBOC, B, RARE, % R EEE SR
Boi R s e s TR i LB SE[T]. FEK
FERE 2005 ,12(2) :126 —132.
IO, 8RR, BFH. MR ERESHEARK
BESFAME[T]. KF%R,2005,29(4) :482 -
4386.
BRD,IMCHE B F BEREREMER
WO BES TS ] Rl HEARER,
2005,13(6) ;772 —776.
BRZ,INCC, BA R SRR T ES TiREH
k[ J]. PEKFER,2005,12(2) :192 —196.
HEE, HCCFHAR, % T CA/GT IR
IR T]. S4BT 5T ,2005,26(6) :652 —
656.
BIEBRE,EXRE, % BFAERNAMT
EREXERHRESHHI]. PEKFME,
2006,13(2) ;181 —186.
¥ WHELEE,T B,% WL (Haliotis
discus hannai) 7 BB DNA # i £ 5 5| 4 % it
[T]. Rl A AR 22 H], 2006 ,14(3) 1448 —449.
Liu Y G,Zheng M G,Liu L X, et al. Five new

microsatellite loci for oliver flounder ( Paralichthys

structure  of

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

olivaceus) from an expressed sequence tag( EST)
library and cross-species amplification [ J ]. Mol
Ecol Notes,2006,6:371 —373,
Liu Y G,Liu L X,Lei Z W,et al. Identification of
polymorphic microsatellite markers from RAPD
product in turbot ( Scophthalmus maximus) and a
test of cross-species amplification [ J]. Mol Ecol
Notes 2006 ,6 :367 —869.

Cui J Z, Shen X Y, Yang G P, et al. Charac-
terization of microsatellite DNAs in Takifugu
rubripes genome and their utilization in the genetic
diversity analysis of T. rubripes and T. pseudommus
[J]. Aquaculture ,2005,250:129 —137.
Zhan A,Bao Z, Yao B, et al. Polymorphic micro-
satellite markers in the Zhikong scallop Chlamys
farreri[ J]. Mol Ecol Notes,2006,6:127 —129.
Guo W,Wang Z Y,Wang Y L, et al. Isolation and
characterization of six microsatellite markers in the
large croaker ( Pseudosciaena
croceaRichardson) [ J]. Mol Ecol Notes, 2005,5;
369 —371.

Zhu B, Liao X, Shao Z, et al. Isolation and cha-
racterization of microsatellites in Chinese sturgeon,
Acipenser sinensis[ J]. Mol Ecol Notes ,2005,5 :883
—-892.
BU/IVBR, BT /N, BARTR, & KILKREARE
ZRERI T E DNA 504 [T]. KEEYER,
2005,29(2) ;113 —119.
Liu Y,Chen S,Li B. Assessing the genetic structure

yellow

of three Japanese flounder ( Paralichthys olivaceus)
stocks by microsatellite markers[ J]. Aquaculture,
2005,243 ;103 —111.

Liu Y G,Chen S L,Li B F, et al. Analysis of
genetic variation in selected stocks of hatchery
flounder, Paralichthys
markers[ J]. Bioche Syste Ecol, 2005,33:993 —
1005.

X E, Rk, ZNT, % T EEEREs
EREEHPHMDESW[I]. BEARER,
2006,16(1) :94 —99.

#=EAL AL AN E,F PENIFMRTES]
Yyl e B DL AR LA [ T]. K RE AR,
2006,27(1) :35 —39.

L A" K PEHNTERNHBRESF
At [T]. Bl2ER, 2005,50 (13) ;1340 —
1347.

B OBl A PFEENTFERANITIEESR
FAa#71T]. sk ,2005,51 (1) ;101 —107.

olivaceus, using AFLP



6 BB PR : 7K 7= A B AR BT 94 [0 T S5 PR B BT R R R 839

[125] Xia J H,Xia K F,Jiang S G. Characterization of 11 1% ,2006,37(3) :362 —366.
polymorphic microsatellite loci in the yellowfin [139] AREEZE, X4, IVUCC. B D EVEN T Rl &
seabream Acanthopagrus latus[ J]. Mol Ecol Notes, BB Rai &1 T]. shiEwisE,2006(1) :65 —
2006 ,6 ;484 —486. 69.

[126] Chen S L,Liu Y G,Xu M Y, et al. Isolation and [140] B FH.Z 3, THE,% ATESHITIRE
characterization of polymorphic microsatellite loci B ERBREETE[T]. BEAKERA,2006(2) ;
from an EST-library of red sea bream ( Chrysophrys 1546 —1551.
major) and cross-species amplification [ J]. Mol [141] & H.Z= MM, THEZ HALENE1IRH
Ecol Notes,2005,5:215 —217. MBS E T _MEERMBRLT]. BEER,

[127] BARE, &RE, ZHR, % SHAHEERM 2005(6) :156 —163.

XHY) RAPD 4+ Firit TR R K e [J]. B E (142] = #&,Z H, T HlEUEREEE _f
7K7=RH,2006,13(3) :360 —364. ERATER[T]. PEAFIE,2006(4) : 77 -

(128] Efgk, L 2, EitH,%. PEYPAXIF AFLP 82.

SFARICE R E AR RELT]. S ER, (143] X3k, %2R,7F #,.% REETHEST
2006,52(3) : 75 —584. W RE _AET]. PEBFERFZR(BAR

[129] VBT, X $,Z=  {&,%. RAPD FI SSR i Z2hR) ,2005(6) ;133 —138.

TR T T E X IR R R A (V] S (1] BHRE, HEE, XNHER, F B aHEKEIE
B15%,2006,27(3) :317 —324. B KIERERZREMPEI]. ARERKEX

[130] Wu Y, Zhang G, Xiong Q, et al. Integration of L3 ( ARPHERT) ,2005(1) ;78 —82.
double-fluorescence  expression  vectors  into [145] Xiang J H,Li F H,Zhang C S,et al. Evaluation of
zebrafish genome for the selection of site-directed induced triploid shrimp Penaeus ( Fenneropenaeus )
knockout/knockin [ J ]. Mar Biotechnol ( NY ), chinensis cultured under laboratory conditions[J].
2006,8(3) :304 —311. Aquaculture , 2006 ,259 ;108 —115.

[131] Wang W B,Wang Y P,Hu W ,et al. Effects of the [146] Sun Y D, Zhang C, Liu S J, et al. Induction of
“all-fish” growth hormone transgene expression on gynogenesis in Japanese crucian carp ( Carassius
non-specific immune functions of common carp, cuvieri) [J]. Acta Genetica Sinica,2006,33 405 —
Cyprinus carpio L[ J]. Aquaculture, 259 (1) :81 — 412.

87. (147] mEEH, BB, X ¥#,% REGBEALEA

[132] BRIFFE, %%z, A X, %. B4 Hu-IFN-o R F: DR Y T 85 R A T 40 Bk B B2 S R AR S 434k
HEAPHESMRIE[T]. ®kil,2005,35 [J]. B HAEM,2006(1) :65 - 70.

(5):3-17. (48] VWEE, X ¥, BBk, %5 B RETHEE

[133] %%, ZFRE, KEE, L TEERFANR MR A AR T]. REAGER,2006(2) :80
FRTIESEHESEAR RAPD LB AH[T]. -84.
7K7=24R,2005(1) :121 —124. (140] TkEBEZE R, ZEIE,%. EGFP ZR 7 EH

(134] SRERR, KL, BER, 5 T AIEZRF SRR A PR RARMRIXI]. PE4E
RUEGLR F, BAELHEER) RAPD 4341 [ ], K7™ Y TAERE,2006(2) :43 —48.
2R ,2005(2) :12 -18. (150] % 8, ERAEA. FLYSER X UR MK B 20 L 40

[135] £ 5,4t %,8XM,% ALBERTHREK B[], BHER ,2005,24(1) :27 - 30.
BEABEHRANBBERIEOTT]. BHEARE [151] Chen J X,Sun X M,Zhang L,et al. Mass cultiva-
#,2005(7) ;110 —113. tion of marine fish Chinook salmon embryo cells in

[136] 0%, HEE, XES HFILENEELXEMA bioreactor with low-serum medium [ J ].
TR 2B A i B R R AT A 1Y 40 M 2 W Aquaculture 2005 ,249 :35 —45.

&[] K=%4,2006(1) :31 -37. [(152] #JLEE, FHRIE, PR, % 84 (Crprinus

[137] ERE,EHB HNE KABATESEEX carpio) 1A 40 8 R 0 B T R HL A ) 2 AR M A
BERRMTERCATT]. B 1%,2006(7) :67 [J]. EH A=Y ~#4R ,2005(1) :82 - 86.

-173. [153] FHiE, ZAE, PR, %. 84 (Cyprinus

[138] Z=FiE,Z &,E%EH,.% ALEZXFER carpio) (R BAE R WB B[], 2 FH 2%

ASFEAAT R AR BT T]. AR K22

2248 2006,22(2) ;127 —131.



840

K =¥ R

31 %

[154]

[155]

[156]

[157]

[158]

[150]

(160]

ERMH,ZRW, X F,%¥ AR pHESXHKTH
A% R PR R ML A R SR [T ] i a4k,
2005(1) ;91 —94.

E &Y B8 OR%F HAEEERER
e R R R B SRR & [T]. Bk
AREH,2006,16 :633 —637.

BOUILERE,T 6 S2&ENENNS TX
RERERBIFE P RRELT]. Si¥%R, 2005,
51:1 -6.

Chen S L,Sui S F,Xu M Y, et al. Molecular iden-
tification and recombination expression of red sea
bream( Chrysophrys major ) hepcidin [ C]//Xue G
X,Zhu Z Y. Proc. 13™ International congress on
genes , genefamilies and isozymes. Medimond S. r.
1. ,Italy. 2005,133 —142.

Xu Z,Du H,Xu Y. Crayfish Procambarus clarkii
protected against white spot syndrome virus by oral
administration of viral proteins expressed in
silkworms[ J]. Aquaculture ,2006,260:179 —183.
BREAAR, X = B, A L. RS T30 R ARAE X R B2 6
FERBEEHERBMTESHI[I]. RERE
#,2005,15(6) :87 —91.

FAIL L BRANR, B % AR TR TRE

[161]

[162]

(163]

(164]

[165]

(166 ]

[167]

REFREEEATRZFRMAI]. BHEK
F=BE5E,2005,26(1) :13 —16.

B, A BRAARR. KRR T R R
L] BrEKF=BE9E,2006,27(4) 148 —52.

F K, BRAAAR, XA, 4. RETH T 618 50
T x BT RPRRERPREREERELI].
JKFE23R ,2006,30(4) :433 —443.

Chen S L, Tian Y S. Cryopreservation of flounder
embryos by vitrification[ J] . Theriogenology ,2005,
63(4):1207 —1219.

Zhang Y Z ,Zhang S C,Liu X Z et al. Toxicity and
protective efficiency of cryoprotectants to flounder
( Paralichthys [T
Theriogenology ,2005,63(3) :763 —773.

AR, BRABR , =22 . T SEIRRG BRI AL e R ik
ARBEFE[T]. BHEARER,2005,15(3) :105 —110.
F K, BRIAAR, T A, 4. REESEIRAG BY B8
R HRTFE[T]. K=2%#1R,2005,29(2) : 275 -
280.

I, BRAAAR, FLBRMT, 4. JLAR R R 0 o 6 R
RS G RAF B [ T]. Sh4 2R, 2005,
51(2) :320 —326.

olivaceus )  embryos



