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TEAR S Infs A5 ARAAAE

gi b, XA TSI S AR AT BR R R, AT
THISLL

BRREYMRIE K TR Ts-19",
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Tab. 1 Microsatellite primer information

Mg RE Rk
Mg Annealing
temperature

(A=) 51951
Locus Primer sequence(5—3’) concentration
(mmol/L)

(€)
Ec-122 CATTCCTTAAAGTAT 1.8 55
TCTGTG
CCACAGCCAGTCTA
GGTATTC
GGAGTGTTAAATAT 1.8 55
GCCCACCA
CAGAAATCGCTGAG
GACAAGAG
GACTTGATTCAGCA 1.8 55
AAATAAAGAT
AGAGACGGTGCCAG
TAAATGAA
RH_GA GGGCAATTTGGTTC 1.8 57
TA_003 TTCACA
TGTCAATGCCACAG
GATACA
GAGCCTAAAGACCC 1.8 48
AAAT
ATCGAAAACCATCA
AACA
Mbo061 TGAAGAATGTCAGA 1.8 55
TATTTTGTGGTG
TCCCAAGAGTGTTG
AAGTTATAGG
CTAGAGGATCATTT 1.8 53
GACAATGTAG
CCTGACTAATCCAC
AGTAATTGC
Mbo066 CGCATGTTTGTAAG 1.8 55
AACAGGAAG
GCTTCACTCTTGGGT
TGTTGG

GAA-1

CA-2

D316

GAGO1

1.3 HIREALTE

KH Excel Giit & Witabr, B A HiEHER RN
FEMEEARHEZE R IR . K HIBM SPSS Statistics
198 A 3E 47 B R R 5 22 73 T (ANOV A) Al Duncan
RZEWK. BEMKFEHP RR, P<0.05 RRZE
SR, P<0.01 RnZEFWEE.
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W7 KGR S b SRR R K&
BRI 1. LI Es R IEIR: SLIRAH
2min. 4mint56minZH 1524520 510882% 78.7%
6%, 1M 8minFl10minZH (1) 52 K 2 5 51 N 0.5% 1
0.67%; 2minZH JIEfif B A5 2N T72%, iR & SLa 4
ARSI B 1 R A 2R 35 100%; 540 2 77 T 4% 41
43 N80.3% (T HRAL) . 41.3% 2%+ 0. OF10;
2minZH K 4minZH (1) K & A 75 9 A0 A1 H 20 B
() BAEAR SRS AE . 4minZl 5 HASZIG A L, BA
BRI RER . AR R BRI, R
5E MBSt 4min (518 mI/em’) A e K 145 40 R S5 bt
(], 5 452 S0 350 R FH L 7 s A BEORG 7 o

22 FEAKRELERZINHE

O IAEZFE G I 3min, 4min. Smin. 6min.
10min. 15min. 20min. 25min. 30minfl35minkt
Z AR T3 b BRSO, Ab PR K IR N4—6°C, AR T
FFEIS [A]30min. SIS 25 R B Rt 2ffr7s: &Sk
56 2H 1 4minZH F120minZH B B E 2R R 0
2 N 3minZH | 6minZH £ IIE D E ARG, 6min
AL R IR $1)29.7%, Ji XOZHT T B FRRG A HEAG I
B 2R, omindl 5K S R 5 E(100%), Giit
7SR R B Smin LS ) S50 4 40 AR,
P 52 52K o ) 6min A VA o B A AL FR A %)
2.3 AR IEERTEIFKR R E

o R R N B = s S M CTEE RS RN O BN
C2. 10min. 20min. 30minfl140min, Ab¥E /K 5
Wi EN1—3C, 4—6CH7—9°C, Duncan® &
FLI AT (3R 2) 45 R, AN Rl AL E T (3] (P=0.579)
HIAE B 7K IR (P=0.133) 7E 3246 3 77 T 22 5 I AN i35,
M0 7E 95 A6 05 T AN [5) 4 38 A 6] 40 1R) 2 R B
(P=0.002), A [A] AbHE 7K iR 2H 7 7 AN i 35 (P=0.396),
TFEAL R P £ BE 43 BT, ALFRINR] A 10minks), B8 Ak
KR AT, WAL AP BN, 20min4l, WEAk
R [t A5 A B KL A BE I T 340, 7 4—6°C AbIE Bl
KA, M5 T F%; 30min. 40minZH., BE & 4L BEK IR
B, RO T B Wk 3AE 4R,
FEA—6"C (/K IR 2 A T AL FE20min 1] LLAS 1M X6} 45
15 1) 52 K ZEFNEAL AR
24 BEEK, EEZGE. EZEE-ESEEN
L ERFESLEE

ZREJE 1602 IEH R B Ak MEAZ A —
k. K KIDNAMN S &, EH f514ADNA

%242 Fertilization rate
2 J#{t. 2 Hatching rate

AR Deformity rate
L0 N N B &
1
I I [
2
2
0.5 1
-
=
0.0 & |l| 1 1 = |

0 2 4 6 8 10
LN IR RS -1 1] Irradiation time of sperm (min)

B 1 AN [R) 58 4 HE ST I ) ) ey B 0K - 1) R T
Fig. 1 Effect of different times with UV irradiation on sperm
O IEH 3 5T i n=3; x+SD

0. normal hybrid control
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[] %252 Fertilization rate

[/] 7t 2% Hatching rate

T 1 Y #5:2% Deformity rate
b ab
b be l y
ab cd
.% o cd
~ cd cd
0.5 c cd
- ab be ab
abc c
é ﬁ bed ﬁ
0 I L | |%| id f d 4 d (} d
Cl1 C2 3 4 5 6 10 15 20 25 30 35

R K )G S shis %) Different post fertilization initiation time (min)

2 R A Dt MR A B[R] SRS I R Sl e 20 7 B
Fig. 2 Comparison of different post fertilization initiation times of gynogenesis in Epinephelus coioides
Cl. ZAE VR IE C2. SO AL, RIS B b b AR/ 5 B 2 3 35 P<0.05; n=3; x=SD; T[]
C1. Hybrid control; C2. Haploid control; Different superscript letters within the same type of column chart significant difference, P<0.05.

The same applies below
%= 2 DuncanZ ELLERAEIER

Tab. 2 Duncan multiple comparative analysis data table

TR G AL B DL R R BR VA R ve AR B, RO R R
(40%) FIIEAL 2 (29.7%)FH EL L J 38 A5 ARHR A FIT &

BI B2 10, 57 O A2 2 B VR IS B i IV 30 5 o 22 YR 4R LA
Al P=0.579 P=0.133 EAET 3R, AR G R B . MR AERA
A2 P=0.002 P=0.396

e ALK 2 A2RIEACE; BIJAAS [FAb 51 (7]
B2 AR HKIE, P<0.01RRERWEZE, H LFREN
cokn

Note: Al. fertilization rate; A2. hatchability rate; B1. different
treatment times; B2. different treatment water temperatures, P<
0.01 means extremely significant difference, and the upper right
letter is “**”

WA AR 152 52 30, NI BAAEARDNAWEAE 1S, £ A I
iR 5.
REEAWE 6FT/R: 258 A HEINRER
I, 2R LLE® KE, HA RS2 %
(90.8%) FIIEE 1L 2R (58.2%) » MERZ LT IR N T ¥
1.0

PRI AE A5 AR R 5 1 IR

FE R IRTE S A BRI R E M B A
ANV RE W T 040 P 0 S SUIIT PR 44 S T 440 i
B S E 2 TO vk TR 70 2 SRR AR R TG B 45 R 5 I
(R Wel N 1V NG 91770 15 Y 1% R N
WERG L S8, N RETE AR A 48 B TE AU, B fs
PR RG BE O BOR, MU TE RS . R, ANREiE
gy, R BARLEERE, (A4 1%0ME K & 3
HR, /b B AN R R B9 N B B Dy TR AR AR
130%, [F) A 3 E A A 5 A R 3 K FE AN IE 7 —
RERII31%, HARPAET .

@ = . = 4 T - .
S 08 T
=]
.S
g o6
5
= 04 r
w 02T
0
gl E|.E]| .E g8 |.E|E glE1]8| &
E| E| E| E E|E| E|E E|E|E| E
— o (=) (=) (=) (=] (=) (= (=3 (=] S S S (=}
Q Q — (9} o < — N o < — (9} o <t
1—3C 4—6C 7—9°C

ALPRIF % Prosessing time
K3 R B MR A A 1R b 3 77 2 SO 2 10 LA
Fig. 3 Fertilization rate of different duration times and temperatures of cold shock on gynogenesis in Epinephelus coioides
Cl. A5 B C2. s Ront B ZH
C1. hybrid control; C2. haploid control
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5 g S SRR S|s|=|<
1—3C 4—6C 7—9°C
AbPEISE %I Prosessing time
Bl 4 b A B f MR A TE A [R] A B AL 2R 11 L At
Fig. 4 Hatching rate of different duration times and temperatures of cold shock on gynogenesis in Epinephelus coioides
Cl. X B2 C2. B fis Xt 2
C1. Hybrid control; C2. Haploid control
A B | C SIS
50 100 50 100 } 50 100 3 .LTJ-.L,Q
31 RIFHETFRAONEINITFIEENRIFHER
£, . gl TR FEER SR S T,
3 3 1. 3 | R \ W iy N w2
S S S | — T AT T R B SE, — 7 TH R RS OB A7 AE
] RE R RO B AERTY . A SC ik ) RS
LL L DR RS TR N BOR IR A P 3 e — g By
Ma_ {b,hm AJ A RREEEETRA, JrEIREG R A D
15 30 30 R AR B W R RE S R, W RN P
DNA DNA DNA

5 ANLMEZAETE A HDNAMX & &
Fig. 5 Relative content of DNA in artificial gynogenesis
A B AT A MR AT AR B, IER R E AR CLOME
A A
A. Haploid; B. Normal diploid control; C. Gynogenetic diploid

HMIDELEER

SXT T LA 51 W4 7 D316, Mbo061 .
GAGO1. Mbo066. GAA-1. RH GATA 003. Ec-
122F1CA-2(3 3), W EEARRI T AP . AR A
PR SR T HAA) 2500 AR A MERZ A T 5
SRR I MR K. SRR /A

25

AT NF
HEFEARNT. N2HI & 8400k B A2 BEAR; AT
MERZ AT S S REARCI—C 121, TIMAMERI 4 1
EREARLREE— 8, MC1IAMA BRI TAM 551 0 26717 BE A
BEAR AT AT AL, 1% MR 1% 2 46 41 8 St Ak
PR OR KIE RS T 320 G AN C6' 5 METEMbo061
AL R 3G A S AR R (B 7), TR H A AL iR
REAAH [F], % ANE RN R R OISR . R 2
BN ZARE T B 91.29% IMERZ A Tl 1 S % .

MERZ AR B AR AR R A8 Ak

AR E T A AT N A% S M AR
FAHEATHE ], B A ZE R FH K S VRS 1 00 IR 1,
EAFAT B HESF . EIEEZET, 2 AN
SRV A=K N MW CETRDN P TR SR N Sy
KE(E] 6). o B A ZH i B AE R RO WS AT 1, 0
T WIZHE KIS RS T AFEA I ) @, 72 IR fi
SEEAG B BOR P AHERR AR5 SR A5 41, KK
PRI T A R
32 (KiRFEREIE RS AR E AR X5

WERZ AETE ) — AN KRB R R 1S 3 AR ik
P, AU ARSI RN AR AN THEZAETES
FAE N TEAKRTEILEE), 4—6°C; TAGAIR 7 T Uk i
[E]), 6min; D(# PR 5 ¢ 2215 [A]), 20min, 1X 5 7 6
(Paralichthys olivaceus; T, 0—4°C; TA, 2—>5min; D,
45—60min)""", KIEF(Scophthalmus maximus; T,
—1—0°C; TA, 6.5min; D, 25min)"", 5 F #F(Para-
lichthys lethostigma; T, 0—2°C; TA, 3—4min; D,
45—50min)"*", K ¥ (T, 3—4°C; TA, 2min; D,
10min)[4], T Uk 4. (Nibea albiflora; T, 3—4°C; TA,
2min; D, IOmin)[ZS], 35 8 (Cynoglossus semi-
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Kleo mhrABEm N M A& H 3 ERG R BB
Fig. 6 The main embryonic development stages of artificial gynogenesis groups of Epinephelus coioides
a. WERZ BT ORI b, MERZ RS IR I AR, oo MEAZ AR AR 2 IR 00 . MERZZESE AL JU; e, PR O RN, . B i i VR R 45 i
g FAEARNEIR R B A h AR RNLTTR & R0 L IR T RARIRAT A . MR AT AR R RRAT ) k. B A AT A
a. Gynogenetic cleavage stage; b. Gynogenetic gastrula stage; c. Gynogenetic neuroembryo stage; d. Gynogenetic sarcomere stage;
e. Haploid cleavage stage; f. Haploid gastrula stage; g. Haploid neuroembryo stage; h. Haploid sarcomere stage; i. Haploid control;

j- Gynogenetic diploid; k. Normal diploid control

x3 NHEAHEANTHZEER IR IELESR
Tab. 3 Microsatellite identification of artificial gynogenesis
population of Epinephelus coioides

% PEES RAH E
Primers Induction rate Hybridization rate  Unknown
(%) (%) (%)
D316 100 0 0
Mbo061 84.70 15.30 0
GAGO1 100 0 0
Mbo066 78.70 7.10 14.20
GAA-1 84.60 0 15.40
RH_GATA 90 10
Ec-122 92.30 7.70
CA-2 1000 0
T 91.29 5.01 3.07

Average value (%)

laevis; T, 5°C, TA, 5min, D, 20—23min)" 45 /K i
KA EE (& 8), A BE/KIRBA B . KEE6E, P
L= TR TN RN gk N S iy S k576 5
X5 RS A IR 2, TR T A A R I T
KA IEAETHIREA K.

— M, A E R AR 22 R B R R, X
FHFRORM R B K AT FT 2K 5 4min S 2
WA 53R, ARF LR O 2R
7855 564, AL PR BE I By 75 LA a), LA & 15 2
B e L AR R B S AR AR, i R 6mp A i b
FRE AR Z1, T 10mpffE AR 5 75 5 5 8% T [#,
X T RE A AL R I 2B S BTGV e 4 I B AR
PERHETBOT 8. RHHT A B B MEAX 2 B IS 3015 3 B
8] 5 BR 85 (Dicentrarchus labrax)Z ¥4 & ) 5—6min,

K7 R0 BN TMERZ A S S AR I T2 Mbo06 1z i L4 38 45 21
Fig. 7 The PAGE gel elctrophpresis figure of primer Mbo061 product
SRSy QABEARE G N1 N2 200 JEAE il C1—C 129 MERZ A 5 A A
J. Male parent; Q. Female parents; N1 and N2. Controls; C1—C12. Gynogenetic individuals
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6 @ K th Larimichthys crocea

B 54 fh Nibea albiflora
- A (¥t Epinephelus coioides
o V 2R 55 Cynoglossus semilaevis
Bf'j - & KZEEF Scophthalmus maximus
3 O EBE ST Paralichthys lethostigma
5 ° O %#F Paralichthys olivaceus
<3
g
2,1 .
bid
i
’ O
0 L ® L L J
0 20 40 60 80

F£EIiE] Cold shock time (min)

B8 AN [rl i 7K i MER% A TR i A VAU o i L AR ]

Fig. 8 Optimal temperature and time of cold shock for gynogenesis

of different marine fishes

PSR ZE B 3285 5 6. SminBONAHIE, AN R Ff i 208

AL BRI 2 2200 5 00 1R R

B KIRAR K

(K 9); &) (R A1 K22 6E(25min) . -3 5 (20—
23min)ECAEEIE (E 8), 5 AR MR SHIK IR i 52
ZERM . A B R A B S S SR A A B I () %
Pz AR R, IX N H AR & B IR 1 i
20 1) LU AR 0% A B £ N T S A AR T 4%
LA SRR A TR R PR RS 55

33 NEANGaMZEERRHMIELE

M A I G AR AL R L AR PDIR R B AR AL

2272 e s s A A AR, R4 T AR IR
B bR X 2 MR AR TR 2 e TR iR
N5 S A Bt MERZ 2B B A I 3R, AT FE R T
ZHX A ST ERCETFE.
B MRS S AL A 1 B s S R K
AR, RS e A 28, LR
WAL O, AT MR A B R A 3R T 8
91.7% 05 S 2, v LAl e i FO RN F 2k . FL
W6 5 MRTEMbo06 147 s 4 A I AP FE 5 QA
E TR A A T BB, 3K I 4 2 S R 5N 5 B 0
T A B DNA F BB A B MR AR 5 5 AR FE R 4 =
A B, IX PR KT BETE AR A AR BRI AR
77 TG S5 B 2 5, SR A A B £ N MR
HTEE AR R E S .

N T M A A B AN AN AE 3 v B A 1 g A — ik
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Fig. 9 Optimal cold shock start time for gynogenesis of different marine fishes
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INTRODUCTION OF DIPLOID GYNOGENESIS IN ORANGE-SPOT GROUPER
EPINEPHELUS COIOIDES BY GIANT GROUPER EPINEPHELUS
LANCEOLATUS SPERM

FAN Xin, ZHANG Wei-Wei, WU Ting-Chang, WEN Xin, CHEN Meng-Meng, WU Guang-Can and LUO Jian

(State Key Laboratory of Marine Resources Utilization in South China Sea, Hainan Aquatic Seed Industry Engineering Research
Center, Hainan Academician Team Innovation Center, College of Ocean, Hainan University, Haikou 570228, China)

Abstract: The long period of sexual maturity and the characteristics of hermaphroditism extend the breeding cycle of
grouper. In addition, the artificial gynogenesis strategy can significantly improve the breeding efficiency. In this study,
we explored the best conditions for artificially inducing gynogenesis in Epinephelus coioides used by the sperm of Epi-
nephelus lanceolatus, and were identified by morphology, flow cytometry and microsatellite markers. The results
showed that artificial gynogenesis of Epinephelus coioides was successfully induced by inactivated heterologous sperm.
The best suitable UV irradiation intensity of sperm was 518 mJ/cm’, and the irradiation time was 4min. 6min after fer-
tilization, cold shock treatmentcould obtain the optimal apparent fertilization rate of 40% and hatchability of 29.7% at
4—6°C, while the control group without cold shock showed 83.5% apparent fertilization rate and 80% haploid rate. The
result of multiple comparison showed that in terms of apparent fertilization rate, there is no significant difference
between the artificial induction time (P=0.579) and water temperature (P=0.133). When it comes to hatch rate, the dif-
ference of treatment time between groups is extremely significant (P=0.002), but not in water temperature group
(P=0.396). The results of embryo development showed that the induction of artificial gynogenesis would lead to the de-
crease of partial hatchability and the haploid embryos behaved obvious developmental disorder. The results of mi-
crosatellite molecular markers indicated that most of the genetic material of the artificial gynogenetic progeny of
grouper came from the female parent, and the heterospermia effect also exists.

Key words: Gynogenesis; UV irradiation; Cold shock; Microsatellite marker; Epinephelus
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