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{1405 A ) A s A AR o ke ST R AR B S ) g e
SEA 50, MEAELE A 120, MERE 4 7 T A KR FE , /K
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DOM 5 mg/kg, HCG 2000 IU/kg ( & KIl 25,2012 -4
W145,2016) , RN [A] 10~12 he
122 Wl EENE SERERBEREM.
FE 3R UL BN [B] P 5 f8 BRI J5 L BF HEORS VO B
FHRETIRAEIN 2 mL 2500 UREE (B 5018 %5,2005)
BB BRI, ST T4 CHFRAFERH .
I 1 5% B 2D BRI e A ) K R B £ B BN S A O
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Ui, 158N IR 2~8 5 R AR AR IR AL, X o
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230 mJ/cm?;9~14 "5 AR HME-HIRTE 4L, X M2k
SR> 50N 60.90.120.150.180.210 mJ/cm?, 4k
HKIRISF(38.5£0.5)C, PR TE 2 min. FEFEFRIL ETJ7
22 B 2N HMT (30W:253.7 nm, Philips) » i ¥ 5E N
25°C, #1465 r/min I TEIRRE IR ES FRAA RS2 4R I, 0
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TERAR (R, B 1D, A BRAL CER AR5 IR 4 R b k-
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TEAE W] 22 53 (CESI1H%5,1998; £ 4% 7-2%,2020) . M
GBI W 1R 41 A2 A BRI 7E (27.5+0.5)C (AL 70 D 64 F
FLAE(26.0+1.0) CORFAL 72 h) IS4 IH PP

F1 HEWEZHEINALENF RESHIERIR
Tab.1 Development sequence and morphological

characteristics of the fertilized eggs of the G. rarus

REW  SZHR S TEASHFE
ESEeitl 0 min B v B B, A% 5T S PR B
GRELER
LT 30 min AT
240 50 min 244 AH 48
441 1 h10 min 4441
EZ i) 2.5h BPIE
TERRHA
KL 3h VR J 328 i e e
GibCl 3 h30 min SRR
1 341 5 h30 min JRJEAZ R R 30%
7 ER
L] 6 h30 min JEZ T 6.50%
w3 7 h15 min JEZE 6L 75%
T 34 9 h30 min JEZ T 6, 100%
FRZIEHT 11 h30 min JIRFETE 1k
A5 30 13 h30 min WL 2 5%
HR 5 17h 7 o R REE, L 7 0]
JE A 19 h30 min FEZF TR WL 13 %
Ptk i 21 h30 min FEIEH] L, WL 18 %
WLPIZSEH 23 h30 min JE AR )
U S R 31h LI TE R B
H AR AT HA
R A 48 h30 min HR AR K £
AR 2R 57h R AR B
HEIT 62h SHIUE R, R 2
Ak 70 h P IR O R
i — = 4l 120 h g — =
SRERSE 190 h YR ES e e

222 UVEIEBAZHKI UVIERAZHINRG®E
JEE B0 HE AR 1, 32K 24.5 h JE TR AL 33, WL
PA) 007 JEA il 250 P F] 270 R R AR 26 3 S0t R AL/, A
G G 1 OF ST ANIR AT , L 2 A SO (] 2-2) , IX— LR
AR5 AR M HR S A O, X LR 3l OF B AR 1)
JW G T BEIAAS B A0 3% 2SR I B W0 T (Bl 2-b) .
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Ca) EAGTHLIY, (b)2 AT, (o) 4 4T HL I, (d) 2 A1 ML, o) BENE 309, (O JEAR o3, ) BEFRRGE 300, Cho) 5 399, i Ji i o 300, ) e 3,
O R, CD BRZER, (m) LAV AR, () -Co A 30 91, Co D B 391, () LS 3915 (@ L 4, (o) 82— 52 44
E1 xRABEHEL L H T RAHE

(a) Unicellular, (b) Two-cell stage, (c) Four-cell stage, (d) Multicellular stage, (e) Early blastula, (f) Mid-blastula, (g) Late blastula, (h) Early gas-
trula, (i) Mid- gastrula, (j) Late gastrula, (k) Neuroblast, (1) Optic vesicle stage, (m) Muscular contraction, (n) Heart pulsation, (o) Creyish eyes,
(p) Melanoid eyes, (q) Larvae release from membrane , (r) Swimming bladder one-room stage

Fig.1 Embryonic developmental sequence and characteristics of G. rarus in the control group

28 UV 4 HE I W T2 R e 2108 LR 28082 115 B9 3 T4
Lt (B 2-a) , XTI IR A AR LI & (B 1-m) .

223 BAE-BART /N R L-PIRTHA
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R HZ KGR G A —BORBIEMIN, 25 X
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LAt Bl 30 25 AP B~ B R v ZH R iR VS 08UV S 2H
B2, W ET 0 2> IR AU T, 38 AT /N0 43 I i 21008
A BN AE (P 2—dD

2.3 ZIER MALEMERE

231 ZHEE SRR IR ARG,
FHE 5 e IR B ARG B 22 W 5% R R AL, A
FFAE D HE BREARNA BT . %o HEAH 52K R (63.1%)

Bl &b B 2H ey , 17T TE 8 2R AT WA e B 52 R 232 4 80%
(ESIH%E,1998) , A 2H 5248 R ITE 40.0% DL, 58
HMER AR R 2H (2~8 5O B A5 55 A0 2R 4 R 52 (1 S I 38
I, kG Sk B R S, TR A A OSSR H 3~
55 A A, 28 %K/ 120 mI/em®>150 ml/
cm2>90 mJ/cm?2, IX 7] G855 UV 48 FR AN 15) 5] s AN [F] 2H 1)
RS OH R AE AN R o AME IR T2 (9~145)
AR FR 26 AR ], BE 25 48 A 2R SR IR R 1 0, 32 RE RN
W %, 2455 A 2 e A RS A 31 210 mI/em?2 i), 52K
KON 0 T 48 TR & [F) A 210 mI/em? ()45 1 2847 8 41
(75, Z K3 16.1%; K ZFE UV & I F1HUR
T [ A FE N R R R R, SRS IR B 22
JRMIAZE . UV ERIEFEAE R AF T, S AME-FAIR
TR AR AR IR S AE R TR (R 2).
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Tab.2 Effects of ultraviolet radiation and heat shock on hatching of fertilized eggs in G. rarus

Ab o) UV g7 E/m]-cm? M BUREURL RSURRL R WRBME % WIERE%

X 1 x x 245 149 63.1+7.12 64.144.3 0.0+0.0
2 60 x 289 115 38.9+3.0° 31.6£3.1°
3 90 x 196 55 29.0+2.5¢ 27.6£2.6%
4 120 x 316 118 36.6+3.4 19.9+2.6¢% 65.7+4.0%
%“;f Eg’% 5 150 x 235 69 29.3+4.1° 15.743.1¢ 64.2+4.6¢
. 6 180 x 246 70 27.4+4.5% 46.3+5.3b 69.6+1.8¢
7 210 x 289 51 16.1+3.4¢ 14.3+4.2¢ 92.3+2.1°
8 230 x 273 31 12.6+3.3¢ 3.240.2% 100.00.0°
9 60 \ 294 69 23.1+2.8¢ 28.4+3.1¢
10 90 y 184 30 16.0+2.3¢ 22.543.2¢
Py 11 120 y 197 32 15.642.8¢ 24.3+2.9¢ 62.6+2.7¢
k5 12 150 N 265 27 9.9+1.5° 745111 49.546.3¢
13 180 y 245 30 10.8+1.9¢f 0.0+0.0¢ 0.0+0.07
14 210 y 275 0 0.0+0.0¢ 0.0+0.0¢ 0.0+0.07

T RIS S A A ANG 5 REFOR 5 .35 (P<0.05) s xFoR AR AT NFORAMR s A FHIELBE 9(38.50.5)°C AR s i 1] 9 2 min, - Fom R T o
Note: Different lowercase letters in the same column indicate significant differences (P<0.05), X means no treatment,  means heat shock treat-
ment with the temperature of (38.5+0.5)°C for 2 min, - means no measurement.

(a) 3R A ERAR IR AL O 5 BN 36 7 3, (b) S8 AMERAR IR AL R TR R A 5 (o) 3R MR- FAAR Se 2 APV B TR 5 (d) 56 A k- TR S 2L BRI BE , (e) 2K Sh 2k
R N AL WA TR £ ()58 MR- FA IR S 2L E S TS 1 5 WA 0 1 LA
B2 ZRBAMEERS
(a) Abnormal egg cytoplasm and yolk in the ultraviolet irradiation group, (b) Inactivated embryos in the ultraviolet irradiation group, (c) de-
formed embryos in ultraviolet-heat shock group (d) Dead larvae release from membrane in UV-heat shock group, (e) Deformed fry in the ultraviolet
irradiation group, (f) Comparison of normal and deformed fry in UV-heat shock group.
Fig.2 Developmental status in different treatment groups

232 E XA 641%, BEm  FIETA SRR K & & UV 5 I E .

TFAEBRAL, IR T 1% IR EE T P 1869.0% 004 2.3.3 e AR XFIRALIEH WL (B 1-@ 5B i
H(ELTE,20200 . 4180 ml/em? UVARIE 65 KB 1ML LS (B 2—e) A — 2, B B 1 R I H AR
AR T AR AR AR A (R 2D . BAh /BRSO IS R IETE AL 5 B HT AR T 55
L-PAR LR B UV B IR ARG A FRF&%,  HA%FIE (Ungar et al,1998) » 1EH MAT] R H 2 °F
UV SR 180 m)/em? L2 K U A7E0E . UVERRR e, UVERIGZ (2~8 5) 5 B T2 1 th B, 1T B T 2R
FIEAMF AR T, BRI R 2 BN - Tk A A TR IR B B I, H R R AT g UV 48
T, Ak 2R P O A R TR, T A R RO 120 mI/em?® FRR A U R AR T AR B A AR . AL FR A I
LOME- PRI H = T A AR IR IR AN TR RS SR TR ] DL S U5 B IR G () BN 3
PR HE R AR . XEAEAHIIEAR AR, EREREE 2NN CE 1-mD B, B
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Tab.3 Survival rate at different embryonic development stages of G. rarus
. SR J5 AN E) B 8] P R 1S 2 38 (/%

7h 12h 24 h 36 h 48 h 70 h
4 36.6+£3.4* 28.9+1.4* 13.7+3.0° 10.1£1.8¢ 8.1£1.6¢ 7.0£0.2°
5 29.3+4.1° 24.3+1.2° 21.6+1.6* 16.1+2.8° 12.0+3.5% 4.6+0.6°
6 27.4+4.5b 25.9+1.1° 22.94+2.42 22.6£2.5° 22.5+3.5° 13.2+£2.32
7 16.1+£3.4¢ 10.1+1.1¢ 5.5+1.74 5.2+1.34 3.7+1.24 2.5+0.54
11 15.6+2.8° 12.742.3¢ 10.0£1.0¢ 9.0+1.4¢ 8.7+1.8¢ 8.0+1.6"
12 9.9+1.54 9.4+1.74 0.8+0.2¢ 0.8+0.2¢ 0.8+0.24¢ 0.8+0.2¢%
13 10.8+1.9¢ 2.3+0.5¢ 1.5+0.2¢ 0.9+0.34 0.9+0.34¢ 0.0°
14 0.0¢ 0.0 0.0° 0.0° 0.0¢ 0.0°

RGN /NG E R R 22 57 8.3 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant differences (P<0.05).

FAT AL TT 5 T B A5 A R B (1 2—2) (1) BRI L P 4
S5, B g ANZE, AN 0P 5 g T 5 RILTEASH
ZE o B AT B AL AL H OE R T (B - AT AL R4
WS T T P 2—e) (10 B 35 359 I 75 668 i g o7 L 45 T, T A6
591 T 1 9 350 23 O B, ST e I O SR AROK , ST R R
IR BN o SR AR — AR 5 2 I T A4S TE 85 1 R iy
T B 2—6) FIANMA KN A 2 75 725 i 45 7 SRR AE
ZREOR. WML K 6 8RR R K B
Fi18 . BHEMAG A 7.5 hIRia R B 25 7 54,
s B TR R R TR 1 R A MR E 2k JE 73 h
A WERG Bk S04k o BB RS (] (14 28 K 7T 6 5 W T2 R i
TEBIRE 155 K
2.4 ZENERERER

I -2 BE R A I TR PR R, RS AT BE
I, FEAR AT ) A 3 B2 v 7 B G 300 UL PR 205097 341
HBEHTHA. AR A R R (120~210 mI/em?)
R T AR B R G KB US4 R R, 4
UV 45 I F B 180 ml/em? N, 5245 5 24 h N 32k
I BRI R FEIRAIG (R 3) 5 FH 7D 1) 48 A1 28 e e R
FIET  EZHE 5 24 h A AR 5w A0 21 (1 R il i %2
TR T AR PR i RS 26 22 57 J2 35 (P<0.05)

3 Wig

3.1 EREERARE

HERZ R B BAR T 2 N F 7K 7= &5 s it B 5l
BRI, R R AR EMEER AR —, e f
M) PO A RGBT ST A B
KISFHATFE . DT N AZ B ALY 5T 0% 2 R FH X5
2 Bl —00 TR U5 A2 D y 5 20 55 HEL B A 2, X L A
2R B8 B R A, BRI R A, LS
KM AT VZ AT A T G R £ 2 IR E AR 5

(AR AR 50D i K He v, B 7K S B 5K &7
22 TV S 71 BRUAS 1 TSR AN e~ PR v AR R B+
AR RS 224 W25 G0 19 BB ME BE /DN, [R5 28
XTON T SN, A Gy P A etk v B i@ T
11 2R HEAZ K B W5 (O 5E06 45 2005b; Colléter et al,
2014) . B 74— E S B RSN AR IR R , 8L Y R
DNA XU 8] 10 S8 5 7 22, AH 2T ) s g 2 [8) % i — 5%
A, 1 Jig e e BRI LU AG B i, 5 3 DNA SR 48
T » 52 DNA F A2 ], Bl AS B AR 57 & (1) 48 40 2% R oft
J& » UF DNA B E: N+ Hi e & 1 2297 2434 4 (Lin &
Dabrowski,2015) . Christopher %5 (2012) il 5T & 2L ,
— FLIA B 80T A B0 & ) K AR AR TR ), O A% I8
FEP R A S 56T RITE K, & T HEFEAZ TR
s AR AR AR . BRSO BH B SRS O B — RO
2, FHES TN , 32K OF I — A543 30 a0
JH 52K 90 [e) At B RO B B AR A
7 g ] RS S5 20~23 min, AR TR B
(41.5+0.5)C , I K 2 min S AR , i J 12 AN 1 400 1) 20
I3 H ) KN 2 IR IR P T, PR A 1
A b2 5y FO R b g e 22 A2 5 G RS In) 4 B A
T 7 A o 2L, 5 e IS
3.2 HERERBEHRIK

fi R AN - PR SR RS S HERZ R B A5 A
(72 A2 3R R AR , A TRBIE 98 25 R A 48 . 5
625 (2005¢) X1 BE 5 (Danio rerio) FaHERZ B A FIF 7
15t 77 A2 2K T 2.5%; Colléter 55 (20140 5 K i 2 fiys
BN 48 A0 2848 MW B B A5 A4 (1) BB AN 1.4% s tn T 42
ot et AR5 AL B, BE T BOHERZ R B A A I L4
AR BEAMER AN IR T b B G B gk i A 0 2
ANTT G ), R R R TR GRS R R K B SRAE
SR 5 SR U1 B 2R (A 30T 1



122 B A4 5 1 K oE A

a2,

2o ox 2023 4F 1 A

EZUSE - A RN (Y = IR P pap
KB R A DL R, A% R B AL EE A A
DR i 2 S, RS )P s 1 288, SO A% 8 Ak 3 2%
T REAEAE R R o ISR ANk — K T A%
BHANM F , A7) 0 50 18 4% 4 50 K 145 4 2k 4 e
FEARKZEN. KRERZETIRERW, G580
S G2k I8 55 77 B E 30~270 m)/em?, S B A 50 2
()25 7 28 4 B 77 B 22 5 2 KA DR AL, T e 5 D A%
()RR 7 B\ G S AR A S JELRE L 2L BT O 5 M A
EINC N s NS NI =E - R P S
(Myers et al,1995) . #HK 7 ifft &2 FH B v T~ SO0 IR FE
(#1555 22 A A, AR o I R TR 2R I AR S
AR AS [R)T AS [5], e 7K P 8 2 40 o 590 A (Pelteo-
bagrus fulvidraco) & 5t G2 7E 39~41C, A /K P 1
I AR T B AR A (2R AR 4R ,2012) o X6} Fii A il
5 52 K5 BN 3E 47 AR 5w A BN, R B IR B L (41.0+
0.5)CIS, BT A 5285 90 k& 2 5l W S I 2% 1k, 1
(38.5+0.5)C I 52 K& P 0] /b B A7 , #0H (38.5+0.5)C
T8 R 5 A ) S % €A 5 ) AR B i
o BHEF VAR AHEEFRA 2 mE i, &
PR Ll A 53 VL (1998) %f K 6k 8] e i (Paramisgurnus
dabryanus) I HERZ K B W R, 4515 5 R AR
J&i 15~19 min f127~29 min H 8 2 > &, 1E & %X —
R IR NG R B IR T 2 AN Ye i n £ (1 i
JECT 34, WP (AN — BT B8 A2 PR 2R 22 57 ST 5
T3 AN TR BT, T HE BHR e U A 75 A £ 2R DL R
HpAENHIE B — DR T . 2 3R HR T bR
Hsf () BE A LE 12~18 min A123~29 min, H & & i S R H
PUAE JG — I (A1 BL . WL 21 R A fil) S5 R0 B 25 £ 1 IR i
KB I AL (Kimmel et al, 1995) , 55 51 & ik 5] 2.4
211 0 309 BsF 1) AH 22 A58 3 10 min (A% 5 1825 ,2005¢) »
S D) BS54 A DT 052G O AR v Ak B B[]
FFAR T B, AHE 5N 0 52K J5 23 min 1A
fifi 80 52 4% BR 147 AR 7 A0 FR , T AT 2505 SR A 1A
e

Ungar 25 (1998) [ 600 wW/cm? ] UV %5 & 7 4=
RUBE £ 51, I B A 4l & B PR 1) golden 5 BE
LAE T 5 2 BR BT A5 R I G €2 22 4l e S A
A R B R 4 B, AT AL I AL R e 8 AR YR T A
Ko HERZRE P REVESAL & — H R R Yk E
FEAE BERTE AT A A bR A A, T AA TR
FEHENFE R REAF TG K E , 8 A H R
i, [ ISF T B 48 i A BT % 4> mRNA L (RNA L &R A4
DNA (mitochondrial DNA , mtDNA )i & 451457 , HE% &

A WG 1] g2t — 2 F# (K (Komen & Thorgaard,
2007). WRAG K B I FE A0 A fe H O E 4T, A H
M WORCIE T RSL, AE B A 1 A2 an 75 6 IR, vl i
HA BB RGN . RN RIS
RN RE B DL R HAm B AL . DR, RS TIG UR
HRAT, AN BE 100% DR IE B AZ 18 4% 1) T4 30 Js A 22
=R
3.3 LB WMA

HEARZ R B EART 2 B TR =& 5 3 S 5E
BRI, R ARG O BRE HE AR —, HAE
e TRV STSE SVALIRE S W UL (i YN E <]
BRI FH Rl 5o B £ P E 183 4% 5 b 000 2 A A
KB HAE , AP D f1(Danio rerio) 268 < Jy fili
(Takifugu rubripes)(#) 5§55, 2005b ; & B¢ 55,2017
TR RPN A, 2007) 55 2 A 1 28 IS AN [
PRI ANFIFSE R Y'Y 55 R B R A £ Je oA 3 e
BT RE SIS, WYY AR A A AR T A AR A
7] # (Davis et al,1995) s A 267 DLH T ML E & a0
WO (X Y Eh 4, 2011 AT 68 (Oncorhynchus
mykiss) (Chevassus et al,1988) &5 ; [ i &' | fi1 (Betta
splendens) WA~ fig (George et al,1994) . & Gt i 153k
Y A A 75 EE PR AR BB [R]85 — AR AU 10 7 1)
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Conditions for Artificial Induction of Androgenesis in Gobicypris rarus
WANG Da-he'?, LIU Yong-jia!, LI Wei', LIU Shao-zhen', LIU Qing'

(1. College of Animal Science, Shanxi Agricultural University, Taigu 030801, P.R. China;
2. Guangdong Provincial Key Laboratory of Marine Biotechnology,
Shantou University, Shantou 515063, P.R. China)

Abstract: In this investigation, Gobicypris rarus was selected for study and we conducted experiments on the
production of super—males by artificially inducing androgenesis of G. rarus using ultraviolet (UV)—heat shock
androgenesis technique. The study will help to explore breeding among single—sex groups, direct seedling produc-
tion with specific growth and reproduction traits, meet the need for reproduction and breeding, and conserve en-
dangered fish species. A total of 14 groups were set with group 1 as the control, groups 2—8 were UV radiation
groups receiving total UV radiation doses of 60, 90, 120, 150, 180, 210 and 230 mJ/cm?, respectively, at a water
temperature of (38.5+0.5)C, and groups 9—14 were UV—heat shock groups receiving the same respective total UV
radiation doses (except for 230 mJ/cm?) plus heat shock treatment at a water temperature (38.5+0.5)C for 2 min.
Results show that: (1) At total UV radiation doses from 60 to 230 mJ/cm?, the fertilization rate and hatching rate
of G. rarus in both the UV groups and the UV—heat shock groups both decreased with increasing UV radiation
dose. (2) UV and heat shock treatment damaged the zygote to some extent, and the embryonic development stages
with low survival rates were primarily in the late blastocyst stage, muscular contraction stage and stage before lar-
vae release from the membrane. A few embryos did not hatch normally due to poor embryo condition. (3) The de-
velopment rate of fertilized eggs treated with UV or UV—heat shock was slightly slower than that of the control
group, and some eggs were deformed. Some G. rarus individuals were deformed by the UV—heat shock androgene-
sis, leaving fewer normal individuals that could be super—male. However, our results indicate that the combination
of UV and heat shock treatment of fish chromosomes can be an effective method for artificially inducing androgene-
sis of G. rarus.

Key words : Gobicypris rarus; artificial fertilization; androgenesis; ultraviolet (UV); heat shock



