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Fig. 1 Relationship among UV irradiation duration, fertiliza-
tion rate and hatching rate

Fig. 3  Effects of cold shock duration on hatching rate and
malformation rate of gynogenetic diploid larvae
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R , DO=6 mg/L ,
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Tab.1 Results from cold shock duration experiment in gynogenesis induction of Paralichthys lethostigma
X £SD; %
condition for cold shock group hatching rate abnormallity rate fertilization rate
0 0.47+0.032 43.4+3.5 46.2+5.1
1 5.10+0.63 27.74£3.2 37.5+4.5
D 45 min, 3 8.90+0.94 10.8+2.7 51.7+5.7
T0~27C 5 4.70£0.53 21.3£1.9 19.2+1.2
7 2.90+0.31 20.244.1 12.3+1.3
9 2.70+0.33 35.542.3 5.2+0.8
0 0 100 63.3%4.1
15 3.10+0.32 48.4+6.7 17.2+0.8
30 5.50+0.63 49.6+7.9 29.6+1.3
TA 3 min
T 0-2C 45 9.40+0.71 8.3+£2.5 37.245.1
60 5.20+0.49 13.6+3.2 29.5+1.2
75 3.30+0.37 22.7+4.1 16.9+2.4
90 1.80+0.21 36.1+5.3 10.4+1.9

: TA— ; D—

Note: TA—Treatment initial time after fertilization; D—Duration time.
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Fig. 4 Patterns of ploidy analysis of haploid, normal diploid and gynogentic diploid larvae
a: haploid; b: normal diploid and gynogentic diploid.
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Tab.2 Comparison of morphological index among haploid, gynogenetic diploid and normal fry of southern flounder
n=12; X+£SD
/mm /mm /mm
sample body length body depth eye diameter yolk sac length
5.4+0.91 1.740.23 0.13+0.02 2.1+0.32
normal fry
o 5.3%1.20 1.9+0.32 0.18+0.03 2.240.26
gynogentic diploid
. 5.0£0.87 2.1+0.34 0.09+0.01 2.5+0.35
haploid

[SH

Fig.5 Morphological characteristics and chromosome karyotype of haploid larvae, gynogentic diploid larvae, normal diploid larvae

of Paralichthys lethostigma

a and b: haploid larvae; c: normal diploid larvae; d: gynogentic diploid larvae; e: chromosome karyotype made from hapiloid embryo;
f: chromosome karyotype made from gynogentic diploid larvae.
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Tab.3 Embryonic development of haploid, gynogenetic diploid and normal diploid Paralichthys lethostigma at (19+0.5)C

female gynoge-

female gynoge-

development stage netic diploid haploid normal development stage netic diploid haploid normal
. 0hOOmin 0hO0Omin 0h0Omin 15h23min 15h25min 14h33min
fertilized egg carly gastrula stage
2 1h46min 1h35min 2h03min . 19h6min 18h6min 17h11min
2-cell stage mid gastrula stage
4 2h21min 1h59min 2h19min 21h49min 20h58min 20h12min
4-cell stage late gastrula stage
8 3h11min 2h45min 2h56min 27h56min 27h58min 26h21min
8-cell stage neurala stage
16 4h07min 3h39min 3h56min _ formation 31h21min 32h03min  28h17min
16-cell stage of optic vesicle
32 4h58min 4h02min 4h35min . . 33h49min 34h12min 30h02min
32-cell stage formation of somite
64 5h58min 5h32min 5h43min formation 35h43min 35h52min  32h53min
64-cell stage of olfactory plate
128 7h26min 6h56min 7h11min . 42h48min 41h27min 39h10min
128-cell stage formation of eye lens
8h21min 8h12min 8h38min _ formation 51h12min 48h17min  42hl4min
morula stage of optic capsule
. 10h8min 9h21min 10h00min . 57h29min 53h29min 43h49min
high blastula stage muscular contraction
12h15min 11h05min 11h58min . 63h12min 53h57min 48h56min
low blastula stage hatching
13h27min 12h21min 13h12min 64h59min 55h49min 49h45min

late blastula

larvae hatched out




6 1265
6 (A-H, I1-S1) (I12-S2) (F3, 13-S3)
, 32 5

N LA ;B:2 ;C: 4 ;D: 8 ;E: 16 ;F1:32 ; F3:32 s
;G: 128 s H: s 11-13: s 3 J1-J3: s ; K1-K3: N

; L1-L3: R ;M1 M3 ; NI-N3: s ; 01-03:

s ; P1-P3: s ; Q1-Q3: s ;R1R3: ;
S1-S3:

Fig.6 Comparison of morphological characteristics of embryonic development of normal diploid(A—H, 11-S1), gynogenetic dip-
loid(12—S2) and haploid(F3, I13—S3) Paralichthys lethostigma
A: fertilized egg; B: 2 cell stage; C: 4 cell stage; D: 8 cell stage;E: 16 cell stage; F: 32 cell stage; F3: 32 cell stage, arrow showing
flower teratocytes; G: 128 cell stage; H: morula stage; [1-13: high blastula stage, arrow showing high blastocyst; J1-J3: early gastrula
stage, arrow showing germ ring; K1-K3: mid gastrula stage, arrow showing dead cells; L1-L3: Telo-phase of gastrulastage; M1 and
M3: neurula stage; N1-N3: formation of optic vesicle; O1-03: Kuppefs vesicle stage; P1—-P3: formation of eye lens; Q1—Q3: mus-
cular contraction, arrow showing abnormal embryo; R1 and R3: Hatching out; S1—S3: newly-hatched larva.
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Tab. 4 Fertilization rate, hatching rate and malformation
rate of newly hatched larvae in each group

%
. fertilization hatching
trial rate rate rate of ab-
normality
o 76.5.4£7.6 69.0+3.5 1.2£0.9
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_ 37.2%5.1 9.4+0.71 8.3+2.5
gynogenetic
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Induction of diploid gynogenesis in southern flounder (Paralichthys
lethostigma) with heterologous sperm of Pagrosomus major

LIU Xuezhou', NING Xinl’z, XU Yongjiangl, ZHAO Mingl, LI Chunguangl'z, LI Jun®

1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resource, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201300, China;

3. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: Female southern flounder (Paralichthys lethostigma) grow faster than males. Therefore, farming all-female
progenies could maximize profits from cultured fish. In the present study, diploid gynogenesis was induced by activat-
ing flounder egg development with UV-irradiated (72 mJ/cm?) Pagrosomus major sperm for 3 min in sea water, and
then subjecting the eggs to a cold-shock (0-2 ) treatment for 45 min. Cold shock was used to prevent extrusion of the

second polar body. In the control treatments, one or more of these steps was omitted to separately assess the effective-
ness of UV irradiation and cold shock. When the initial treatment was applied 3 min after hatching (treatment duration,
45 min), the fertilization rate of eggs activated by UV-irradiated heterologous sperm was (37.2 + 5.1)%, the malforma-
tion rate of newly hatched larvae was (8.3 £ 2.5)%, and the hatching rate was up to (9.4 + 0.71)%. Flow cytometry and
chromosome karyotyping were used to examine the ploidy level of larvae experienced to the cold-shock treatment. All
of the gynogenetic larvae were diploid (2n = 48), and no haploid or aneuploid phenomena were detected. The duration
of hatching of haploid embryos and gynogenetic embryos was significantly different from that of control normal em-
bryos. There were no significant differences in the morphological index between gynogenetic diploids and normal lar-
vae (P>0.05). All of the haploid larvae (100%) showed abnormal external morphology (P<0.05) while normal diploid
larvae and gynogenetic diploid larvae showed normal morphologies. In summary, these methods resulted in successful
diploid gynogenesis in southern flounder using heterologous sperm. This technique could serve as a useful tool to pro-
duce monosex progenies of southern flounder.

Key words: Paralichthys lethostigma; heterologous sperm; gynogenesis; cold shock; embryonic development



