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WEFELL 4 HIA 16 AR A1 BEA0(Q)x i B RBEAT B ()23 4 A G BEA S AUTIACA S bR, i 3k P
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BIAACTFN(E. AT), ZACFITEAEIE A 3
FEAPRAYZFILE, 15 13 IR E. AT fYfAE
H(408.72+71.46) g, T ZiF{L A (129.25+41.11) g,
Fexs iR AR S RA MY, BA B 3R
BRI S, {H H AT 2 3 b B & T AR aE D,
AR DL HABAH A5 o

PRI TR TR R 225 E R L s
5 S DA SV i e A5 R AR B L XA
A GL AR IEAT I 5T 38 7] LA R 24 28 B e i A
POk, BHEN 2L A R AL 0 IR, ZeAsfa
BAERM., Priism 2, Xm0
Y8 R 58 AR PR FT 24 Fh L 38t 17 2 BE il 1) G 5
AR Z — o H IR s A BE A0 ( Q)< ety A BE0.(D)
2L TRRUE. fuscoguttatusQxE. lanceolatus3) ",
= 80 BE AL (Q)x 84 A B 0 (8) 22 2 FR(E.
moara@x E. lanceolatus3)* Rz i 47 B Q x5 5
REEA B A IGE TR(E. fuscoguttatusQ¥E. tu-
kulad) W TF IR T e AARTSE, Wi E. AT NHiZAE
i, X G R AR B B W ST R R HiGE A, B
IRTE A BRE 101 K s B B A B 0 (A% 20 A i,
HrE kP e ik 2 54 ™)) Wik
Iyl E. AT SCREAFEAR I YL (AR R T 53007 -

] A A1 B 38 1 Sk B - BRI 2Rk 6 i A B
1(E. akaara)!'"™ | SO BEA(E. fario)t0 |
W B (E. lanceolatus)!' ™™ |z 807 BE A (E.
moara)"* "V 28 RO BT T Y URBRA Y
Hl1E, %5k AR AR B, E S ) £
RIBCK'E, 7ERh BT 02 S e .
3 2 471 T i gk 2 4 3 o 1 o A e PR R £
()0 3 R B I R I, (FRME R = o SRy
Pail g 2R Y ARSI AN B, B R ER
W 5 B (Cynoglossus  semilaevis)™ . (Cyprinus
carpio)m] . FEE(Paralichthys olivaceus)[24] . fEfiF
(Lateolabrax saponicus)™ | WI. % (Oncorhynchus
mykiss) POVt 2 b I 45 e R Rl s Ab
Ji i 9k L 400 L A ) A e AR, T ) £
7 (AR 1M 200 L B B 3R (PHA) YR | BKOKAIL =R
L RBIRESESMANF, 384 # 2
WO AN L IE A

ABESE L K E -BOKAN R 7 il 4 T E. AT

A BRI B R BEA e A G (R, BN
WRAIF NG RCE R @ R H T 22 57, IEW#
A B0 FITE B BEAT BRE £ 4% SS7E G (0 1A K K- E Y
ATE, PABCH HE— 2B 05 A0 B A0 2R 58 B R Y g
AR SEALBAR AR . BeAh, ATl i 45
BR U B R BE A BE A A1 ) I 7 E2 40 s S ol s e 6
PRI 2605, BT S0 AR A B £ S ] i 240
Je s SR i a5 e AT R BOR, A A BEEAZ T ST
Tk

1 RS

1.1 FE&BF. WFHKERMAIRE

VERRAE T SR A R 5 B 1A 50~70 em,
R 20~30 kg MOMENE I B RBEA B, 7E/KIRE
F| 25~26 CHf, HIEBEHRERME, Z/F¥HER
SRR ELs-3 LL1 1 IR, $ERIR
%), ELs-3 MEL A | L Z848/K v &840 10 g,
NaCl 10 g, NaHCO; 0.5 g, /M1 100 mL(Ib 52
FHEERHEARA A ZJEH3A K TS HE
164 CUKAE P4 5 min, ZRJ5 A 10 cmx10 cm
A4S, P ASTAE B AR T 29 10 em Y
RMEFRE T M 10 min; e )54 1 455 A A
(-196 CYFRHARAER, FH 4 B0 T MR
TR R RAE, FakK 20~25 cm,
AH 0.5~1.0 kg, MKk 23~26 CH, ] MS-
222 (A REFHEA PR B))RRBEE E i M fa,
98 B AR PE IR R (HCG, 200~300 TU/kg) {2 1
WU R B R S DI (LHRH-A, 35 pg/kg)iEA
JhSE LTS . 15T 48~60 h JE B £ JE R4S O
To T ABEAER WL R k1S, H MS-
222 BRI, SRIG BRI RS -

O FHr 5, 43 00 7 A BE kS R
iR I B B B KB A BV RS TR B
BB, A R R B K (B 33~35) 4k I
FEOR, 15 h JE, PRI RO T A s
FFFAEN T, B35 J5 4 4l Tl R0 4% 58 i 52 0KG O s
B3 7 m’ SIS T, A 40 g —H B
BAMEAHE, R 29~30, WRIE 25~27 C, A
6~10 mg/L,

1.2 LWEMNRSE
STES A A AR SEM B K P2 A BRA
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BEHLIEHLT A BE O E. AT 45 10 238 3 3k B -Fok
R BEHIVEG kG A, R ERE 10~19 g
M 10~13 g; VEHL 4 4% 16 HIEHY E. AT (1K 400~
510 g) i Sk B -RR AR 2R 32 o A5 G A il A A
YERRYI R, AL BLAbh, e 6 BE 3 KBEH
Bifh, (KEE 20~25 kg, R 50~70 cm, iid4RE
2 05 5 0 ) 2 G AT e, e A

1.3 KE-BoKLEREHELEEE

1.3.1 i 545 % I 20 fe 5k 5 = (PHA) A0 Bk 7k il 35
ST SR X PHA A P8 Sk 08 R A2 3RS 1)
SCES A I ST PHA WAL e RHE A
FRAFD, FIEN 6 ng/ge 12 hJm, [ H s R —
A N SRR AN R W (E s AR A
FRAFD, 7R 10 pg/g.

1.3.2 HEBHEBEER 3 h J5, FIFH MS-222
(180 mg/L)4 5256 f R, FH BY 7) 6 5L ARt
) b 8T Z i, B 10 min JFEGH L, I
BFEER KUV . BT DKk 52 4 BT, il 260
HifiE it ug, WEESF RS IEE TR E0E T, 4
AW AR E. AT N5 5RA 4 B 40
B, 16 AR E. AT ARl & B 4
133 KELE MAHRERLSMA 3 mL
0.075 mol/L i) KCI %, 34 CRBALFE 30 min,
I WA B2 A W T UE 4

1.3.4 FAEZE [a) 240 R PO ACHTEC I R
REER Y v Voww=3 : 1), #FFTEE 4.5 mL, Ff
CEAE 0 CYK&E N, TEE 10 min,

1.3.5 EE B E 9202 250 10 min
(4000 r/min). {8125 FIEWE, IR TCHEER 2 4.5 mL,
IF WA SRR T UUIE AN, IR N E 45 min;
FRRELOIE, #7505 2 e, ST B2 30 min;
PRGBGSR, T 3 IEE, IR FEE 30 min,
i o v A R R IR T UTE A M . 5 4 IR
O, FAIEFRIA 1 mL 2247 K K E
W, AVKERREH .

1.3.6 WHRERE RARHIERA, BTG
¥R (CTE A TTK CEERA TR Y% 30 min),
W SELA0 B B B A 15~20 em 19 AR 3 H |
W 1~2 T, BEANAER R TT, PRS2 8% Rk
S KO 0 B T AR B R b, =R B AT,

W15 10% 7 W = Y i L 5 45 min, ZJ5 78
WA E, fEER T HR T,

1.4 SMNEMZARALE S s &L BEk

1.4.1 HDEEFE WK RPMI 1640 2R3
FEGRDGE PR A B A BRA R FE T BE G
Ay 3B AR IR, AN 3 mL g4
FEFRHRN 0.1 mL BTV 4 0.1 mg/mL 1) PHA, 7E
SCESHIL 26.5 ClE AR A

1.42 BUm A 75%Z B AL, 0.2 mL
) 500 U/mL JH2 G0 O M A48, MU HR
29 1 mL MR, $8508E GBI . 2 J5 K S48 =k
M 75% BB, me BEHE .

1.4.3 EFHEE ELREBEGT, FLHEN
JEi I 1~2 TNV, 2RSS 3 mL 4iMekE SRR
A 0.2 mL BN, o5 6MEEIFREE) . 264 IR
MR R MR TR E T 26.5 CHIRFA PR
72 h (B 12 h #8— 355800 - FEWCERTT 3 h A
0.1 mL ¥} 0.12 mg/mL [ FKAIE

1.4.4 WEE 735 T A A1 iR R 7
KRR, B A AR B 50 mL B0
RIBWATHY4], 1000 r/min 2.0 10 min, #2520 H
3, ANEE 0.5 mL SR M A TTTE

145 K& AT 34 CHIMKIBI(0.075 mol/L)
7 mL, BRWRFTIOEM Y A B, £ 34 C
fH it 55 3247 K2 30 min.

1.4.6 TREE [ 40 HOE I ABECHIAY 3.5 mL
FIEERE RV w0V ooww=3 * 1), FFHCELE 0 C
VK EN, TEE 10 min, 4000 r/min &0 10 min,

1.47 BEE K5 840 AR 250 10 min
(4000 r/min). 3125 FIEWR, IR CEE W 2 4 mL,
IR SRR TUTRE AN, R T B5E 15 min;
FRREO)E, T 2 K, IR FEE 30 min;
PR E A, HATH 3 e, iR FEE 30 min,
[ o 2 A v A R R I F T TV A . 56 4 IR
e, ARTTER A 2~3 mL K6 K F SR,

A VK& .
1.4.8 WhHEHEE HhH A0S 1.3.6 M.
1.5 ZBSH

TE B0 N X A B W B KB A B
E. AT £5-3EH 100 4380 KL AT | G Wi ) A 3
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S0, IFgEiT g EARECH (8 1), H] Nikon80i 7%
BRI B LSS AR . X A B W B R B B
L E. AT BIRHIA B 5 MBS TEMWT . H 2208
THAE o EOSCR R A 43 2468 I AT-VERT
F1 Photoshop AKX 1 & LA S A B 7 T RE, 47
S e e (AR O B L R R R AR O
X AR FEAHE | 45 22 A5 SRR [ () Yt fk it 47
BOXT, PR BCXTLr A e AR ET T 5328 . HEFI 4L,
A Excel B4R H AR, W5 B KBREA B A E.
AT WG BRI & S B T SR, el
FARTH B =R S5 G B A /4 iR 4 6K ) < 100,
=R B R R AR 2 22 S TR
BB R BT Y (AR R ) 431
1.6 THERRYI RO & A0 g2

FAZ R ARG R E . IR S i RS
PERR, Sz EDECA B B P E, 4 24 h REE)S
BURZ 75%. 85%. 95% BEMITC/K 20 Bk B It
K TR R WS A A, R P SR
F, ARG IR AKE PR L (HE) e 6, fieJm R v R
Jiidt Ao F Nikon80i 1F B i s A T IER 411 1R

2 HREHSH

21 FfE#HHE

PEHL 100 Dorak R A7, TEARTEWH At
M g R T 2EMH, SRS, YLk
BOH N 43~48 45, Horpr 48 S gL (A 1R ) B0 A 4
L R 91%(ER 1), RUIH A A A A6
RAEE 48, Rl 2n=48, FEHL 100 A4
SR AT TR . B SR Y I B KB A B
020 M i G AR TR I 53 24, MR SETT, Yt
WECH R 44~49 £k, Horp 48 SRYe e B AR
Hetm, HT b el 82% (35 1), AW B KB4
B £ 40 L 1) A AR e R AR EIOR: 48, BV 2n=48,
PEH 100 AFIAMAR 38 R A7 . TR . 2K
HoEHI E. AT UM G il o240, 2Ms
giit, YR H Jy 44~49 4%, Horb 48 s fa ik
PR R fe g, HOAT 5 B 78%(F 1), FHAAR
LI E. AT W) ARG AR AR ER 48, HI 2n=48.,
2.2 EEKHEHAR

SRS AT B REE A BRI 283 S

*1 FARA. ESARAHEMEZTER
(E. A& B xit
Tab.1 Counts of the chromosomes in Epinephelus

awoara, Epinephelus tukula and hybrid Epinephelus
awoara (9) x Epinephelus tukula (&) (E. AT)

Yy Ye A% H number of chromosome

species 43 44 45 46 47 48 49

H AP E. awoara 1 1 0 2 5 91 0
WEKRBEARM E tukula 0 1 2 7 6 82 2
#2518 E. AT 0 3 2 6 8 718 3

REY 5 A RA I TR R, FEGEi ek
FEXTCBE | B LL DA S G e fR B (B 1, 3R 2). 7E
AR, W B KRB BE A58 5 A 4 i
A LB A5 B AEAE o R E YL A (4R X B
B GNE, HARMAMNZERIAZN 2n=48, 48,
NF=48; & & KBE A1 B A% 8 A X 2n=48,
2sm+46t, NF=50; Z23¢)5ft 48 FFjrtafkrhf—
KNG 22 R g AR (sm), Hp 2 il E
2R g fa R (1), BRI 2n=48, 1sm+47t,
NF=49,

Bt

* 25 Q0 oK 00 N0 A0 an
Le5.2% " a0 AN an nn a0 an

c 9
“e@sz® A0 0N A0 na ap an

S
.‘..o. * a0 00 an AN ON an

A *%1oum

e 727 AN 0N NN N0 00 A0
- 0D Q0 00 0N AA AD

. ¥ 2
?’.g ":';- '. \“g?o‘

s, W0 0N AA OO AN OO
B 'S= 0mAN O OO NA AG xx

%-:_.u."v 00 0N A0 AR Na AN

<

525 RO ND 00 N0 09 Na
¥ " “lan nr 00 nn no an

c ™Y foumNQ 0N 0N AN na R
K1 FAMMA, %8S RIEARARALGR(E AT)

Hh o A R A R
A. HARM; B, S KIEATE; C. J38FU(E. AD).
Fig. 1 The chromosomal metaphase and karyotypes of

Epinephelus awoara, Epinephelus tukula and hybrid Epinephe-
lus awoara () % Epinephelus tukula (3) (E. AT)
A. E. awoara; B. E. tukula; C. E. AT.
23 HBRUIA
BUREIR 4 RASTARA I HETE(E 2), KA
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Tab. 2 The relative length and arm ratio of chromosomes of Epinephelus awoara, Epinephelus tukula and
hybrid Epinephelus awoara (?) x Epinephelus tukula (&) (E. AT)

sy HAORM E. awoara B RBEAR E. twkula WAL E. AT
No. AHXS A B B gy AHXF S BE L34 Egii] AHXS A I B3|
relative length arm ratio type relative length arm ratio type relative length arm ratio type
1 5.14+0.18 0 t 5.20+0.12 0 t 5.32+0.02 0 t
2 4.91+0.05 0 t 5.04+0.04 e t 5.01+0.10 0 t
3 4.80+0.07 0 t 4.89+0.06 e t 4.90+0.12 0 t
4 4.68+0.05 0 t 4.77+0.05 0 t 4.77+0.07 0 t
5 4.62+0.06 0 t 4.69+0.03 0 t 4.64+0.05 0 t
6 4.57+0.04 0 t 4.64+0.07 0 t 4.54+0.03 0 t
7 4.52+0.05 £ t 4.51£0.06 e t 4.47+0.02 0 t
8 4.44+0.07 0 t 4.44+0.03 e t 4.43+0.02 0 t
9 4.41+0.09 0 t 4.36+0.04 0 t 4.36+0.02 0 t
10 4.35+0.07 0 t 4.28+0.05 0 t 4.31+0.02 0 t
11 4.28+0.05 0 t 4.22+0.03 0 t 4.27+0.02 0 t
12 4.24+0.05 0 t 4.15+0.04 0 t 4.23+0.03 0 t
13 4.20+0.04 0 t 4.10+0.05 £ t 4.16+0.06 0 t
14 4.15+0.05 0 t 4.07+0.09 e t 4.12+0.07 0 t
15 4.10+0.06 0 t 4.04+0.07 0 t 4.06+0.07 0 t
16 4.06+0.06 0 t 3.96+0.02 e t 4.01+0.05 0 t
17 3.97+0.11 0 t 3.90+0.12 0 t 3.94+0.05 0 t
18 3.88+0.08 £ t 3.86+0.03 e t 3.89+0.05 0 t
9 3.84+0.09 0 t 3.82+0.04 0 t 3.80+0.04 0 t
20 3.76+0.08 0 t 3.72+0.07 e t 3.71+0.08 0 t
21 3.57+0.12 0 t 3.63+0.09 0 t 3.61+0.08 0 t
22 3.44+0.08 0 t 3.50+0.09 0 t 3.46+0.06 0 t
23 3.22+0.14 0 t 3.27+0.08 0 t 3.26+0.08 0 t
24 2.86+0.17 o t 2.940.08 1.76+0.11 sm 3385033 [75£0.29 o
2.51+0.11 0 t

B2 16 AT A B (Q)< i 8 KEA B 0(3) 238/ HRU(E. ADMRRE B IRE
A, SRR 4 AL T4 LA B, BRERANAE AR 340 T4 T AH; OC: BRERLIE; Ooc 11:
55 TR AR GERR 40 ; Ooc T 25 I Asf A1 51 13- 411 .
Fig. 2 Gonadal development of 16 months old hybrid Epinephelus awoara (Q) x Epinephelus tukula (3) (E. AT)
A. All oocytes are in phase I ; B. Some oocytes are in phase Ill; OC: ovarian cavity; Ooc Il : phase II oocyte;

Ooc 1II: phase 1 oocyte.
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Or R BWIGROP R RS TSRS A, 565 11
PR ST B B4 W 222 22 0 A4 159 sl A IR, Ak
TNAERY, MBS RZ, ARA6, £ 5
v L BN B A% S TR B 0 B R
RECRBIE, AR RAE RS, R 0L
e, MBBKRNRITR . X6 e R A e
WE A A FRARRAE, - DR SR I G (R S TG

3 itie

30 EXEREGESENE

H il E R AN 2% 28 B B i) e (oK 4%
RUMCTAIESY, A BEa ) AR Y R H AR 48,
BRI 2n=48, PR ILAT Ak A B 8 LA — A5 AR e o
TRKCH A 4831 Hirp 2n=48t (IR IAEREA 15 Filr,

i L 53.57% . 33X 5 HAM R K 028 Y e (AR il AH
oL, BlSmal | R E 22 R A2, b . A
R4 T DOE T NI S 7N R RN N L A
X EE H LSS B Bk G R 0 L2 7E 5 24 X
Qe I, XA B A0 £ 8 A — 4 33t 1%
FRHAE . AT E R 7 Fhoa B B Qe fk
ZEMEER ), JOERZEARE AL M B
B, 1989 AFGEit i R OK 26 1 G (R 2
| AEAE 2 5 RN AT 47 #2007 4R GE T
e g Kt e e (AR Y A7 A 22 S ) R I
9 B B AR K A 2 i1 £ 28 e AR A Y
PEATOETE, HAT Qe O IAZ R 0 2 2 pB i &
Bo 23 X BRI BR M 2T T SEit .
B0 X T 9% €0 0K 22 725 30 4 10 A Ay b 3Ll

K3 BERRBESTIAR

Tab.3 Chromosome polymorphism in fish

4 B (G (R ) HURE 155 275 3k
species name karyotype (number of chromosome) sampling location reference
. N _ 2n=4st+44t (48) T ZR AR 7K 8 v [14]
yIN E
IR A B Epinephelus akaara In=2sm+8st38t (48) B AT [10]
. ) 2n=3m+11sm+34t (48) VLK 2 B [15]
BES AR E. fario 2n=dm+6sm+ast+34t (48) WIS [16]
\ . ) 2n=48t (48) AR VNG [31]
U A B E. fasc -
U5 £ Bt fa fasciatomaculosus In=1st+47t (48) TR [10]
2n=4st+44t (48) . [17]
e n=4st+44t S e 3
#ay A BEAA E. lanceolatus In=2sm+65-+40t (48) f‘}ﬁé R ‘ [18]
KRG o B 3V S
2n=2st+46t (48) JSET Tl i i [19]
=LA BE E. moara 2n=4sm+44t (48) HI TN\ LRT Y [20]
2n=6sm+42t (48) H 7 75 2 75 Vi [21]
P 2n=48t (48) 7 ARAR W vl g O [12]
WS RBEA P E. tukula In=2sm+46t (48) - KL this study
ST 2n=48t (48) TR 7K =R o0 [18]
A B E. fuscoguttatus In=2sm+46t (48) A L AT [32]
s o 2n=2m+8sm+2s+36t (48) T & 6 [33]
FAELH Hapalogenys nitens 2n=4m+8sm+6st+28t(46) BT AT 5 [34]
2n=6m+8sm+12st+22t (48) RAERET 1 [35]
KLt Hexagrammmus otakii 2n=6m+20sm+16st+6t (48) H i [36]
2n=6m+16sm+20st+6t (48) # BT [33]
1] B
2n=48t (48) %rjk% ‘5 [37]
2n=24st+24t (48)) T [38]
L 2n=48t (48) TS B H X [39]
KE A Larimichthys crocea In=6st+42t (48) VT [40]
2n=6m+6sm+ 36t (48) ST [40]
2n=2sm+46t (48 [41]
T 2smAGHES) 1T Kl

(¥4 to be continued)
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(8:3¢ 3 Tab. 3 continued)
4 B (B AR50 BURE b S 3CHk
species name karyotype (number of chromosome) sampling location reference
2n=2m+2sm-+44t (48) KIEFET 5y [35]
PGPl Sebastes schlegeli 2n=2m+46t (48) H i [36]
2n=2m+46t (48) & 1S (33]
2n=20m+24sm+4st(92) 1) e 00 B g i [42]
¥l Ctenopharyngodon idellus 2n=22m+24sm+2st (94) BRIT R AT B [43]
2n=18m+22sm+8st (88) 45 - L [44]
e o ) 2n=10m+28sm+st+4t (44) VLK 77 2 Bt 3 [45]
Ze
LGN FE A Tridentiger trigonocephalus 2n=20m+ 1 2sm+12t (44) e 375 [46]
] . 2n=12m+24sm+12st (48) Hib
YR E M Anabarilius alburnops 2n=14m+20sm+14st (48) o [47]
2n=46m+20sm+12st (48) AL [48]
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Abstract: The observation of fish chromosomes is of great significance not only in taxonomy and phylogeny, but
also in the study of fish breeding, genetic variation, and sex determination. The traditional method of colchicine
injection in vivo requires the dissection of fish to obtain the head kidney, which means high costs for parents and
rare fish. In contrast, the method of peripheral blood lymphocyte culture can be used to prepare chromosome
specimens with minimal damage to the fish. However, the chromosome specimen of grouper has not been prepared
by this method owing to its difficulty. In this study, we prepared the chromosome specimen of grouper success-
fully by optimizing the experimental conditions: the concentration of colchicine was 0.12 mg/mL, the concentra-
tion of PHA was 0.1 mg/mL, the rotational speed was 4000 r/h, and the hypotonic temperature is 34 C. In
addition, hybrid grouper showed heterosis in terms of faster growth and stronger stress resistance, and
chromosome research of hybrid offspring is one of the key methods to explore heterosis. To explore the difference
in karyotypes between hybrid progeny and parents, we prepared chromosome specimens of the hybrid progeny (E.
AT) and maternal progeny by colchicine injection in vivo. The results showed that the chromosome number of E.
tukula was 2n=48, the karyotype formula was 2n=2sm+46t, NF=50, and the arm ratio was 1.76+0.11; the
chromosome number of E. awoara was 2n=48, the karyotype formula was 2n=48t, NF=48; the chromosome
number of E. AT was 2n=48, the karyotype formula was 2n=1sm+47t, NF=49, and the arm ratio was 1.75+0.29.
Furthermore, we prepared gonadal sections of 16-month-old E. AT to investigate whether the heterochromosome
of E. AT was related to sex. The results showed that there were a large number of oocytes in the gonads, which
indicated that the heterochromosomes of E. AT had no relationship with sex. Based on the above results, it is
speculated that the cause of heterochromosomes in hybrid progenies is that the male parent provided 23 telocentric
chromosomes and one submetacentric chromosome, whereas the female parent provided 24 telocentric
chromosomes. These results not only provide a method for the preparation of chromosome specimens of grouper,
but also provide abundant data for chromosome polymorphism, genetic variation, hybrid breeding, and the
germplasm improvement of hybrid progenies.

Key words: Epinephelus awoara; Epinephelus tukula; hybrid offspring; karyotype; heterochromosome; gonad
section
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