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110 r/min (4% K I F 2 SOPATRRUN 30 W %
SMTAE R DGR BEAT B (K g 254 nm) | HRG IE
B0 40 em, BESFRTSEFT I 54T 15 min DIfSR 2
S, 58 4 BB TH I E UV-C 48 Ji o 3 800
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KR AL, K ER B 26 ~ 27,
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Ve R vi Kk Ry 3 ~4 C, IF 40 25 i i 45 5 BE S
[F1] VA R o A B BsF ) R4 AR o 4 2 sk [ 91 L 2R 0
P2 B = R =K B IR SR S, AT A S A 1
Ak (F 1) o A B B A AR A (BN G A5 5
ik A5 L) FIE F 32 K5 4LE Xt B, U5 30
FAL 2R 3 WAL R R R AR 3 A E
BT ECE M . B R A Excel Il SPSS #1144k
b2 I BT B L R N2 s T

x1 EXEFRKFR
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PAIE 38 S50 v i e AL 2 L IE B A% A 4 R
R X 4, il 3 T A5 22 W5 . DNA AT 5 &
D7 DA B At TR AR 4 A, 45 e MEAZ R B L SE T

WAk E WEHERSAMR LT K
TS MG S5 TR 25 5 RE Kk A1 00 ) IR
19045 1 R IR - G 8 40 A5 1 5 S RO o

DNA #8342 0 2 S5 6 2H 45 B 30 B )
WA £, AR B I O T {68 0 7 1 D 4%
20 L AH X DNA 55 &5, DUBG 2 g A fis e o

W ZAFIC A IS A i fge 0 DA S 0 A1
BEHLEL 46 AT fa [E & T 95% ks v, I b i
B A W) LR A PR 2 W) DNA 42 0K ) £ 42 i
DNA 1% B¢ i B %€ ¢ f Uk A Il DNA - 5 7 i
i, BN O EETHI E OD,, fH 1 i DNA [ ¥
Ji . DNA JF - 20 C R A7, BCHS 43 #6 B A 50
ng/uL %M.

F 40 Xof A 52 80 % FF K 1) KB i 10 L ARl
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Tab.1 Factors and levels of treatment of
orthogonal experiment RS ORT I A 25 AR B A ] 4 6 R AR 1 51
UV 15 7Y 7S N T
S ooy S PSS Bt 4 1 0 17 3 DR 280 4347, T 510
IK - 5 [R] /s © 47 B [A] /min F £ I [A] / min
L g 4 N }
levels UV irradiation cold shock cold shock iE‘ }_Jr WEX E]/J T{ED—'L% 2 © gl % EE J: {ﬁ E €L EE % I $I
time initiation time duration time ﬁjﬁﬂ[ﬁ%ﬁﬁﬁé}ﬁjé}ﬁ ’ﬁﬂﬁéﬁi[“] Bl iR 5 1
1 50 2 8 T N 53 N
. » . . HEAT PCR 4788 75 5 R T 5 1 o, D 34
3 70 4 12 A,
R2 SOMRIENANSIMFEIIRESE
Tab.2 Primer sequences and characteristics of 5 microsatellites used in the study
L 25, (ANl SIYFEI(5" ~3") B kR /T
locus motif sequence primer sequence annealing temperature
F.:GTCAATCACGTCTGTCTCTGC
LYC0009 (GT),, TTA(TG), CTG : 60
R:TCAGCCATTGTCTGTGAGGT
F:CTACCAAGGCCAACCATCG
LYC0017 (TG), TD55 - 50
R:GAGCACACTATAACAGAAAGC
F.:ACCCTGCCAGTTTCTCC
LYC0038 (AC), 51
R:TTGCTGCCCTGATGTTT
F:GCCATCTATCATACAGCC
LYC0222 (CA) 55
R:CGTAAGACCGCAGGACAC
F:GTGCTGAACGCAACTACCAA
LYC0453 (T) 5 55

R:ATGAAGGCAGAGAAACGGAA

[E:TD FREEE PCR [ ( - 1C/cycle) .

Notes: TD = touch down, means gradient PCR reaction.
-+

2 4

2.1 HBEAEFS
FEEIBAN TS E O TFTREREN
R IS 2555 A1 IR B Y 6T R 2 B T A2 R R i e

(83% ) , S 6 2H Bl 5% S0 R InF 18] i < 32 4 R 2
W R, IR AT R 70 s, B B0 R T RSE T, 2
KRR TR, BB 100 s IR 9o Rk, %
KR 0 1) o 20 B AE 36 () A 2 3 IR 4
e (75% ), BRI 10 ~40 s, Fifi 35 N (] SE - JB7 AL 5%
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Wi TR, 31 40 s IR AR (2% ), (H B8 5 7]
AkZEHG I (40 ~70 ) SCH BLWY B fY ] T 3
MG ST B, 5 90 38 1) Hertwig 2% 0, 4% B
SR 2F 99 S £ b IR B L 23 R REURE SR 2 5
Tho MG F] 60 s DL I, £ S0 4 W &
ik 100%
- R fertilization rate
120 = §#{L# hatching rate
100 | B deformity rate

80 -
60 -
40
20 +

L/ %
ratio

1 1 1 T 1 1 1 1
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UV RIS E /s

UV irradiation time
Bl #HBPB&ERBFUVRHIRER
Fig.1 The results of sperm UV irradiation

experiment in N. albiflora
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B[R] 5 ) f K, 2 miin 21 9% Ak 3 fe i K 16% , B
R h IR T A A R O AL AR PR [ L4 min 21 Jk
A bW EH N RO 58 A B
], Ak R e i R 2H (4 2H 16% F1 5 20 11% )
SO0 BT IS ) X 2 60 s, 24 BRI ) R 0 70 s
25 4007 AL R 0 B B T R . 8 K B R 2k i ]
8 ~12 min ¥JFEif T EH M KB A5k, 0
TGRS T R g /N, 1E 3 525 fe f 4 R A
4 H P RT 16% ), 7T WAE LI 54T T,
WM R B R IRIE SIS AR T
£ 3 800 pW/(cm” - s) 8AHNE T IS 60 s, B2 4G
J&i 2 min FF 45 K 50 AL BR ¥ K T 5 S2 )R] R 10
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Tab.3 Orthogonal experiment design and results of induction diploid gynogenesis in N. albiflora

4P B UV IRBHET/S(A) RS F/min(B) KSR F/min(C)  WEALR/%
group No. UV irradiation time cold shock initiation time cold shock duration time hatching rates
1 50 2 8 10
2 50 3 10 6
3 50 4 12 0.5
4 60 2 10 16
5 60 3 12 11
6 60 4 8 0
7 70 2 12 5
8 70 3 8 5
9 70 4 10 0
k; 5.5 10.3 5.0
ky 9.0 7.3 7.3
k, 3.3 0.2 5.5
R 5.7 10.1 2.3
Jiit J¥ order B>A>C
x4l 4 optimal combination A, B, C,
P {fi P-value 0.323 0.125 0.721

2.2 WBRERBEERE

WA BRI RIE A R
19 A% (R £5 5 E (haploid syndrome) , 2 By Sk
W I, v R i 25, MK, B TR 8 R
AL RS K E A4, IF H TR AT (K
2-a) o ZPE ARG TE B BEARZ & 7 A 1A

WG & B IER RN e S WIER , 51EH
2R R IR L — R, I 2% B AR VL o R 3 B AT
IKT2EH vk g 158 (& 2-b)

DNA #gs$4 & Ml & B AR A A R
B AR (R A AT F 40 Ml DNA AH X 75 3 DL
B3, K IEH A AR 4] DNA & 5%k 100 ([
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3-a) , DAL (A 2 A I A% R X SO (181 3-b) , fE
PR AT ARG B AUHE R 100 (18] 3-¢) o
WEE5A 40 X ZEE BT RES
0 R B A8 T A 5| ) %) B M R SRR ) DNA
PEAT PCR P73, A1 32 X Al IE 5§73 2R 45 15 M (1
Aol AHH R ZROCE XTI AR AT X 2, LA

5 %5 51 W) A e S AR 3 0 Sl (SRR B
AR, X 5 %5 %0k H7AC (BEHLEL 46 )
AT PR 43 B0 AG 0 11 4 358 1 AR AN R ER A A B AR
S RAHAEMZ LB Y. K4 NP W
X514 LYC0038 | LYC0222 7 f fft 4 5 AL #l 7 R
3

(b)

B2 BEHEREE(a)FEZEE _GFE(b) IR FEIMTRS
Fig.2 External morphology of haploid (a)and gynogenetic diploid( b) larvae of N. albiflora
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8 8 P
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i e . )
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DNAAHNH 5 & DNAHI A DNAAHN & &
DNA relative content DNA relative content DNA relative content
(a) (b) ©

B3 HEBEEZFME(a) BREE(D)FHZLEZFE(c) VM FE DNABNESE
Fig.3 DNA relative content of normal diploid(a) ,haploid(b)and gynogenetic diploid ( c¢) larvae of N. albiflora

LYC0038

4 LYCO0038 1 LYC0222 5| X fmiZH (£ 4 H)46 EF &R HFANI G EE
Fig.4 The electrophoresis patterns of 46 larvae and parents in the optimal group ( No.4) at
LYC0038 and LYC0222 microsatellite loci
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Induction and identification of gynogenesis in Nibea albiflora

YANG Yukai', XIE Yangjie', CAI Mingyi', JIAN Linjiang', CHEN Qingkai’,
LOU Bao’, WANG Zhiyong'*
(1. Key Laboratory of Mariculture in the East China Sea ,Ministry of Agriculture of China,
Fisheries College , Jimei University ,Xiamen 361021, China;
2. Fishery Technical Extension Station of Ningde City ,Ninde 352100, China;
3. Marine Fisheries Research Institute of Zhejiang , Zhoushan 316100, China)

Abstract. In order to establish a procedure to induce artificial gynogenesis for genetic improvement and sex
control studies in Nibea albiflora ,ultraviolet irradiation was used to genetically inactivate the sperm and cold
shock was used to induce the chromosome duplication of the eggs. Relative DNA content in newly-hatched
larvae of candidate haploid gynogens, candidate diploid gynogens and the control groups from normal
fetilization were mensurated, and paternity test was made using SSR markers for confirmation of
gynogenesis. The gynogenetic diploid was successfully induced by activating egg development with UV-
irradiated sperm combined with cold shock to prevent extrusion of the second polar body. UV irradiation time
range was preliminarily determined by an insemination trial with the sperms irradiated by different doses of
UV. The fertilized egg hatchability exhibited typical Hertwig effect when sperm irradiation time was 0 — 100
seconds at a UV intensity of 3 800 pW/(cm” - s). All newly-hatched larvae exhibited typical haploid
syndrome when the UV irradiation time was over 60 seconds. In addition, we designed an orthogonal
experiment to further optimize UV irradiation time,cold shock initiation time and cold shock duration time.
The orthogonal experiment results showed that the hatching rate was highest ( 16% ) in the following
conditions ; sperm irradiation time was 60 seconds,cold shock temperature was 3 —4 C ,cold shock initiation
time was 2 minutes after fertilization and cold shock duration time was 10 minutes. The larvae of the optimal
group have the same morphological characteristics and cellular DNA content with normal diploids. A further
paternity test with five compatible SSR primers of Larimichthys crocea proved that the larvae in the optimal
group were all gynogenetic diploids without paternal specific alleles.

Key words: Nibea albiflora; gynogenesis; cold shock; DNA relative content; SSR
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