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(FNGEE, 2013) A KAHCHE RAZ I8 (ARG AR, 2003) . £k
RLR B 23 BT (B/NREE, 2013)5:48 T R, “=
Je BE (9 3C 44 4 Yunlong grouper) J& 25 80 f1 B 1
(Epinephelus moara@)x ¥ 4 £ B& 4 (Epinephelus
lanceolatus3) 2 38 JG AR o 855 A BE £0 35 22 o0 A AF Py
Mk, ~8CABa RE AR R, 2 TS
AT ARSI | B A ) L R A O A AR 2
AN E AR, QR IOk 238 =4
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BN R IG PR AR B (R KIE A, 2016) IR M0 %5
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Fig.l Yonglong grouper (E.moara.Q xE.lanceolatus®)
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1 mg/ml [ AE ) Il BREELE 28 (PHA )W (5 71 0 1
AR Aa A BRER K, YK £ A BRER K (R4 8.0 /L.
SALER 0.45 g/L. HALES 0.2 g/L . BRERE N 0.02 g/L,
FAZEMKEL AR 1 L), 1% BRI ZFRFOKIIZE 0.1 g,
KGAFEER 7K 100 ml i, BEVETRAT). 8%l IR
W, 0.075 mol/L AL, e EE « VKEEIR=9 : 1),
U GE (B UKEERR=3 : D)o R R (R
W1y, pH=7.4 BRRRZZvh 9 M FRRE), MHWAE
KWIRAE, ¥oh B

1.3 REFHEEBEEFE

1.3.1 PHA FefkkihZ 42 K HZHEIRS5E(2012)
BT IR AVE B . e 4h f0 18 i v SR ) I Bk e 4 R
(PHA), #&EH 6 pg/g(h k), SLREHIE; HH
J5 18 h, 5 2 WIES PHA W, #HElE E. 3.5 h)5
TEIARIE ST 0.1% KR HER, FlEHR 6 ng/g(ih
iR TE), SN 3 h, SEIE KGR T,

1.3.2  BH H DL b Ab R &) 0 R B MS-222
(180 mg/L)R I, "B &5 77 3 cm Abgta) b 8Y— Tk
5min; FHIEGE FLACKS IE RS BY T, BT B 2 LA,
PIFPINE, BUH SR, 3k B O K A R 7K H o
Vbo BYJFEREE, BUREEZZ, BEERLZ K A HER K
S ERUINY

1.3.3 &% MK AR BRER K R BCK E REE -, 4y
ST 2 ml 8%oHIF PRI 2 ml 0.075 mol/L 1
KCl AIBER it AT B AL B, FKs 3k 15 A8 A5 i 5
By, 4y 9FEE I KB 30, 35, 40, 45, 50 min,
[B) % 5 min AR RERAT 1 IR 43l i1 7% %
R R, BRSO 2y RAREG St 253
FEB=AN M43 24 0T AH B3/ 40 A8 < 100%, Tl (KB
W AR BRES AR AT

134 BEZ PR B W WAE W, A 1 i (FF
B - PKEERR=9 : 1), [H%E 7~10 min, FEEFEW, MA
100% KBS R AL PR 1~2 min, F£E 100%KEERR; nA
RV E W (A pKESTR=3 ¢ 1), [E%E 15 min, HE
2~3 K, B IMAH R 2 W, TA-20C kR %

135 @A 3590 R PV v R ik, RS2

ARV AR IR S, A NEERR R, A 1~2 7
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o BRRRT, R ERIR CE T R R A AR L R
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Giitaeri, FIH RN RE M g iE A I S A
A B AFRT B8 IV 5 4

Yo (AR X B =B 45 2 AR K B /4 B R 4
£)x100

T HR B B R K

W LSRR AR L A 14y, B EE
L, CEAE IR YR PRIC . ARIEE 22
Ph Levan 55 (1964) 82t iFRAER] 43 G AR (3R 1),

F 1 Levan LRI SIRE

Tab.1 Chromosome division criteria proposed by Levan
e
fiH LT S S
Abbreviation  Filament position Arm index m
number
M IEHRE 22k g ok 1:1 2

m s ke ik  1.01 2 1.70 2
sm W ERE 22k e A fk  1.71 2 3.00 2
st W imhE ok e ik 3.01 : 7.00 2

1

t Ui S 4 22 KL LA 7.01-o0

2 #RESH
2.1 FEEFBIFGRRNERE

TER RG] Rt R, SR 22 | Sk 2 R
PEAT R AR VR BE, I XA [RMIRE I ) SOAS [ (2

WHEAT L, [FIR ARV R G R 2 ol A
SERLWOR, RAA BB 22T, R 2 MR Y 41 i
FeIF, M. RGBS TR, TR L
MR EIR S 240, 7 2AECE 28 . T R, B
KR A SR A R A AR . 43R A A R A SR Ak
PR, K3 30, 35, 40, 45, 50 min, AR4LREALIE
B10 AN RAEWEE ., S5R BoR, RAMER IS
40 min i}, WAL 25, S A S USRI,
TEAWEW . R R R 7=, BEPLER 20 L
B, GiiHA 34388, Wil RIE R 21.74%,
PH 8.66%, Wik IEEAE,

22 FE{EHE

BEBCR RIS B R A . TEASTEM . BH 521
75 Nz e BEAN AL Y R P A A, SR BRI,
@ fRECH M 45~56 A5, (H 48 FRiFEH ARG (A
R BRI s, IS EE A 81.33%(F 2), i
AR, R = BB ARG AR AR EOE 48, W
2n=48,

k2 ZkAHRENLEEEHBSIT
Tab.2 Counts of the chromosomes in cells of
Yunlong grouper

Puta (kB H
Number of 45
chromosome

I RAHEL
Number of 1 2 5 61 2 1 2 1
metaphasis

HIB/ETES

Frequency of
occurrence(%)

46 47 48 49 50 51 56

1.33 2.67 6.67 81.33 2.67 1.33 2.67 1.33
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ZAGIRBAEAE, Gt Y ORAAEXHS BE | R L DL e e
ORISR 3) AR Y LRI A X B | B 22 i
FUFAE, 48 RYfaiRify 2 X rpaffs s 22 o5 e o ik
(sm), 3 X i 5 22 f Y AR (st), 19 X 5 22 45
Yea iR (t), AN 2n=48, 4sm+6st+38t, NF=56,
HERATMSHLE 3, JeaiRgRIE 3,

24 AWMBEREBEEZBILR

T X BEFAE 27 o BE £ gL o AR A% A By
Fedr, RIAE 27 MhAaBEad s 13 R @iz il
2n=48t, HYL O IR{UE 24 XTI s 2 S Qv ek, B ah



70 ook B

%39 %

14 iy BEAR G (U ARAZ R R A T A8 S, Y SIS 3 22
R, R R R 2 e AR, B,
e 2R AR L, R R 22 R g (R

Ad
Ah

A A
X

hA

BG4,

o

20

o

pm

P2 =Bk B A A g 6 A b 4053 2440
Fig.2 The chromosomal metaphase of head kidney cell

of Yunlong grouper
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Tab.3 The relative length and ratio of chromosomes of

Yunlong grouper

POERuS A LEPORNS B R
Chromosome No. Relative length  Armratio Type
1 4.61£0.10 1.8740.19 Sm
2 4.39+0.31 2.30+£0.20  Sm
3 4.84+0.35 3.12+0.27 St
4 5.07+0.03 3.83+0.31 St
5 4.83+0.04 4.84+0.40 St
6 4.72+0.06 o0 T
7 4.61£0.02 ) T
8 4.56+0.03 o0 T
9 4.47+0.02 o0 T
10 4.40+0.02 o0 T
11 4.35+0.03 o0 T
12 4.32+0.03 o0 T
13 4.26+0.03 o0 T
14 4.16+0.05 o0 T
15 4.12+0.05 0 T
16 4.07+0.05 oo T
17 3.96+0.04 o0 T
18 3.87+0.04 o0 T
19 3.77+0.04 o0 T
20 3.69+0.03 o0 T
21 3.56+0.06 0 T
22 3.30+0.10 o0 T
23 3.13+0.14 o0 T
24 2.93+0.15 o0 T

an N ApD 8a 90
N AA OR PP 0
Al OO0 AN NA &

fnn Ad no An

K3 mle By Az A
Fig.3 The karyotype of Yunlong grouper
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SURL 3R 7 V5 I S50 B P S ATt o e i 2% e (A
B, 36 A A T Sl R B AN S A P 2 B AL 805 T
PAFTTHE L2240 . BRT IR, MY ARG & F
KHMALG G, 85, ez . B IR, ik
FCEHEASE, 2002; Lafid, 2004), AW 7EEEL
AR, 2 R B a2 22 Sk B AR S B AR
WEE, fERAEINE R, A R
RERG, PUL, BEHCT 8RRz S 2 S

RIS B LA R R — A E AR R, K
B ETR B 3 R E 3 I T IE R 4 A B A
PRSI, BIanoK . ARV BE AR IR IR A 5 NaCl, H il
W2 41(0.65 mol/L) . KCI1(0.075 mol/L)%% , I8 R
B TS WA A2 A AR B T3 R A B ) ]
(SPGB ISy rRY 37X (RYRRKG & 101 QNI R N
(7] B AT R B T G A AR A A% A BB, DAE REAE —
A1 SR T A G 0 R E 25 o ASHIF 5T R FE AP G TR U
W, (KB 40 min B, Je@ikndRir, BE
W BH R, SiAh, FEIRB R E A S min
A RZEATILT , XA SRBMIR G5, %
BER; B EEME T, TS
TR, T R B 22 e AR S 24

R R RS SR E —2, B, B3R
T, BRETEHIA 70%8 L BEE IR Hk,
I e Y %) L OB AT 2 i e e AR A A AR
B, TR R e AT A Y DG . s T
BESL B AR BR VA TR IS A M B kv, e Rk AT
R B B R A e R 2, X 5 I
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F4 2T HARENZBEFELER
Tab.4 Comparison of karyotypes of the related 27 species of groupers

Kt 4 P R S50
Groups Species name Karyotype Number of References
chromosome arms
JREEREE W T LR A B 2n=48t 48 Alvarez et al, 1983;
Primitive E.alexandrines Martinez-Rodriguez ez al, 1989
groups
MPEABA E guttatus 2n=438t 48 Ruiz-Carus et al, 2002
H AP E.awoara 2n=48t 48 HEI B4, 1988; T4, 2007
WA E. guaza 2n=48t 48 Martinez-Rodriguez et al, 1989;
Aguilar et al, 1997
BINOPEA E fasciatus 2n=48t 48 A, 1994; HIES, 2005
RAAPH E. caninus 2n=48t 48 Rodriguez-Daga et al, 1993
KRKWPEGBE E. marginatus 2n=48t 48 Sola et al, 2000
F OB E. adscensionis 2n=48t 48 Molina et al, 2002
WMHF AL E fasciatomaculosus 2n=438t 48 FRIESE, 2005;
2n=1st+47t F 4%, 2007
KO B E.malabaricus 2n=48t 48 4RiC 245, 2005; HSESE, 2005
EARM E. tauvina 2n=48t 48 F/NTRZE, 2008
LA B E.septemfasciatus 2n=48t 48 S SE4E 2010
APt E. bleekeri 2n=48t 48 AL 2012
FRLE SUBMABEf E. diacanthus 2n=2sm+46t 50 Natarajan et al, 1974
Specialized
groups
N AR E.sexfasciatus 2n=2sm+46t 50 FHAEFS, 2011
i S A B E. fario 2n=4m+6sm+4st+30t 62 L, 2005
B A P E.lanceolatus 2n=4st+44t 50 TS, 2003;
2n=2sm+6st+40t 50 FFRESE 2012
B AP E.coioides 2n=2sm+46t 50 T =5, 2004; T /SR, 2004;
Fiit#E, 2007; £7555, 2012
AR E.akaara 2n=10st+38t 58 E=H4E, 2004;
2n=2sm+8st+38t 50 FEH4E, 2007
BRSSPI E. amblycephalus 2n=2m+46t 50 F 4, 2007
W B PEM E. merra 2n=4mr+6sm+dst+34t 62 KBS, 2005
=OARE E. moara 2n=2st+46t 50 F4E, 2006;
2n=4sm+44t 52 BRI 22 2008
W AP E fuscoguttatus 2n=2sm+46t 50 BELIREE, 2006; XIF[%5, 2016;
20=48t 48 FF3E%E 2012
W AP E.bruneus 2n=2m+4sm+42t 54 T, 2007; F8HH >, 2008
W =BEA B E. trimaculatus 2n=2sm-+2st+44t 50 BERGE, 2011, FPHEEE, 2012
B 2n=dst-+44t 52 X4, 2016
E. lanceolatus 3 xE. fuscoguttatus Q
“HIE E. moaraQ xE. lanceolatusd  2n=4sm+6st+38t 52 AMFFE This study

(R00NWF5T 6 Fifr B 41 A2 KU {3 i AR ] . 9% LA
R, Wi A BB R e T G (i e (iR B 2, AN B e b
VER B R A= Qe AR 0, i HLI e A — A kY
R, BRSEE, MRA G E, YRS 2T
Z Hor i R AT .

AREREEREFRER

FURT, E AN SE T 27 Rl BEfAZ R (3R 4),
Qe B H 10 2n=48, HE 2n=48 WTREE A1 BEfHE
IR EEA AL BURFAE , 20X — 0 S h A A D0 A R 26
E, AT R, O H R AR

3.2
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PRAFE . HJE, HhAa 13 Fhof B A g K R
2n=48t, J& T A BEA IR LG HE; T35 14 Fiof BEfa
BT Womi(st) . S HEB(sm) YL AR AL, 2 FPIURE A
BEf BRI A = R BEA B0 T Y AR Re L B S

i A Yy A KA BT Bl G 0 2RI R e ka3, B
Al 22k g AR B 10 28 )8 T L BRI A S, i
Uity 10 A 22 b G A R IR AR ST i P it A 2
R g @R Gy . B S G o IR 25 H 8 S kAL

{15 i A 22 S R AUV e o fk, R4 2
W AR AL, TV A2 X BV Y (LR G 4 K, 2000).
P XA TS, T8 T IR ) B RS R T R

ARG TSR R RS8BT B R, X —
SR TET A BEORNEE A A Ak PR AT . 7R3
F O g tafirh, RRYE I ML R
KPR Z, B 0 28 8 AL 3 2
HYEY O ARBLE A RE R, B AT a2 n] 5 HoA P
AL, IRV AT A3 TR A 508 19 1 G £ 1R (1 e
7R, 1997), M ERM, 4R R H A X TTE
X3, (HAEARNGE B A & BIR 4 I8 FIREIRRIAE7E,
HEE2013)TEXT A2 i ffy(Pseudorasbora parva) 5T 1
WA RIGE AR T AETER 4RI AR A, HE LY ik
AR A AFAE IR 4R R B 254, (H TG D4 it 27 L il
HATHEN

33 ZeWEaESEISARMITEE ST

A5 (2006) X} 2= BUF BE A0 Y o A% BRI 5T, Y
L RI% T, 2n=48 , 2st+46t, NF=50; Ilii s ] 2% %£(2008)
FIBRFFE 45 5 g 2n=48 , 4sm+44t, NF=52, F £ 25(2003)
XF B A B g o R A B R BF ST R, 2n=48,
4st+44t, NF=50; TMEFHEE(2012)%} & A B fa e ik
HRBBTSE 45 9 2n=2sm+6st+40t, NF=50, 1 i
TR RRE BRI e R 2280, T REAS R
FEH B SR R AN, O 2 R R 2 i A 22 5
HH B TR] — o £ S e € R A% RUR [R] 485 51 . iy 41 B A
= 80 B 0 2% 22 Ja AR = e B 0 4 0 iR i 8L Oy
2n=48, 4sm+6st+38t, NF=56, Jetaih¥H S 2 3%
A, HAEZA AR BT 2 X A 24 g
ik (sm), X — 5550 2% % (2008)WF 58 1Y = 80 BE
1 Y g (A% R R 7 o 2R g AR ] . S AT B
25 (2012)IF 53 1R T A1 BT A0 Yo (o (A AZ RUAR DL, #0A IF
HHR G 22 e (0 AR (sm) FITE 35 370 2 22 e o A (st , H:
o, E R 22k Y AR (st H — 8, s 2ok
YLt 1A (sm) L ACAEAT A BEM0 22 2 X FTLL, MAAZHY
FHIE L E, 2 e BE Y A% 2 [ isf LA REAS 1) 30
& 2R G AR A A B S R A 22 R g e fa, D Rt

EENNEZ i P R4 R L G v N U TS5l o AW 7
HH 2 ASERMBREY R, FERBMR L, s A%
fa R RIVER AR . TESU S BEAR 2 800 B A 4D
T, T AR A R AR 5 ACAHL, 14 AR AR
MR P S REA 2 800 BE A AR IR F] 27.27%, 54
B A BE A AR LR IA B 54.54%(H KM%, 2017b),
P R ER YN LS B TR I B E gy d N W2 s )
=B DAL LR T8y A B, (HX = B
7 AR 35 R 85 ) P U e B R R 8 A% B B T Wk, HLER
R BHLFEAEF 0] T BRI 5 (Gao er al, 2017), R,
KFRZFRE BT 2 D3RR Z R85 R M
1% B 3 T L3 1 HoA A 2 F BOR AT o

ZRERFBERBERMAE

BNl B S S AV 282 A (O LR LN N -l A N |
REARK 1 BERalk, MEBIASCEER, HEFERsk
BEY R ECR RS REAR R — 30, AR TARIR, A
SRR MERR B MR R B A, (AR B AS
et YL EREA, SRR ARG ERTE R
AR B R, ) kAR e Y R AR S, AT RETE
I A7 7R 2 A1 b by (o VRS [E) 4B 4 . XUFTS5(2016) %
B, BERRRERE S AR Epinephelus fuscoguttatus Q<
T A AL Epinephelus lanceolatus3)'5 5 AR #5717 41 BE
g OB H . RIS B, SRR S A B
LRI EEIR K E S . 2238 Ja e AT e e R E 4l
F, ATRES (e R RIE BRI/ N R A 2B 1L, Hd
B R BEH M AR . EALMERE(1986) K3, YL
08 A SN S R 35 B PR 3R R SR AR ) A% B 1Y 22 S
BT . 2438 5 s e BERAT A KGR EE B, 36 i
0 R ORI PR B SR AR A, RI LT A s BRI AR
B, T8 G A% AL 3 AT T AR T A S LI 1 LA
R 5 1) 46 ) 4 it — 2 s A4 Rl
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Chromosome Karyotype Analysis of Hybrids of Epinephelus
moaraQ xEpinephelus lanceolatus?

CHENG Meiling'”, TIAN Yongshengl’z(b , WU Yuping'?, LI Zhentong"*, ZHANG Jingjing'*,
WANG Linna'?, LI Wensheng’, MA Wenhui’, WANG Xiaomei’, ZHAI Jieming’, LI Bo’

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, 2. National Laboratory of Marine Science and Technology,
Laboratory of Marine Fisheries Science and Food Production, Qingdao 266071; 3. College of Fisheries and Life Science, Dalian
Ocean University, Dalian  116023; 4. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;
S. Laizhou Mingbo Aquatic Co., Ltd., Yantai 261400)

Abstract In this research, the chromosomal preparation and karyotype of Epinephelus moaraQ x
Epinephelus lanceolatus® hybrid progeny (commonly known as Yunlong grouper) were studied. The
juvenile fish weighing 60~100 g were injected subcutaneously with 6 pg/g phytohemagglutinin (PHA)
and 0.1%o colchicine. After 21 h, the head kidney and gill were dissected for cell suspensions, slices of
their chromosome split phase were made by cold and hot drop method combing with air-drying. After
being stained with 10% Giemsa, a clear and complete split phase was screened under a microscope.
Chromosomes in 75 mitotic phases were selected and the karyotype analysis was performed. The results
showed that the karyotype formula was determined to be 2n=48, 4sm+6st+38t, NF=58 in Yunlong grouper.
Hybrids Yunlong grouper had the same chromosome number with their parents (2n=48), but their
karyotype was different, indicating the complex chromosomal recombination and mutation occurred in the
genetic process. This study provided an important scientific basis for the germplasm identification genetic
relationship analysis and crossbreeding of Yunlong grouper.

Key words Epinephelus moara; Epinephelus lanceolatus; Yunlong grouper; Chromosome PHA injection
method; Karyotype analysis
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