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W1 3k &5 (TR A% BSB) , i 1 ( & B Koi) K HE#%
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W AR A I S F AR TR L.
1.2 SR®HE

UEAZ K H AR 8L E 5 R FH I S kS ¥
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— X R D ) Pk g = A AT MEAZ R F S 5
5o BGRB8 py Sk 5 oKE - ] Hank [GOK 4%
S+ LR LB B, LAWE)Z 23 A 78 By 57 L, SR 05 %
Bi IR L& T8 UK AR 18 K B, IR EE RS 10 em ]
SEOMKT B, B 5R) & O 3 600 mJ/em, Kb B 5E 5
LR B IR G IR TR R B
SRR FEAEOE P B K SR, 3
min J5 B 55 57 L& T 0KOK IR A 90 Hh ¥ K 5 b #1
30 min, SR )5 IEHRTE 23 ~24 CRIETFWEL., Bk
FEEVY 70NN s e B el ) N i sk s 4 S I YIS
JUE I, e v 9 1 A 4l e R H S B e T W ETSE AR
WA HEH . MR LT EBEL 3 d 5, ¥ H
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BAMAEG R T HERATARKE R
F, BE AL 2% B 20 2, XF S5 5 fA ) 4 K ((whole
length, WL) . {&{ ( body length, BL) . {& & ( body
height, BH) | 2 1 ( caudal peduncle length,PL) |
JEMWi 1 (caudal peduncle height, PH) ., 3k K ( head
length , HL) 13k & ( head height, HH ) 25 i] & 4}k
HEAT I 5 I 0T S 06 0 1) 5 A% IR B Ok B A%
2 i | ) 2R 1 8% K ) £ 8% A n] R M R 2E AT
ILHL

A M B F & kAR A o A B AL 10
FE MR A B O] T g AR A o R R Ah A

I 20 e 35 5% 00 5 ¥, NS 0 8 e Bk Bl i 0. 2
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W& F 3 /& pMD18-T ( TaKaRa /A #]) |, i& 42 2 v &
20 e Ak 4% pMDI8-T kA3 57 & Ud B 45 2 47
BAE,

2.2 EEBEBEZEL FREIMSELLRS T
M2 FI 3 ATLLE , BEZ K F 8 A2 4
AR ROR AT P AR S 3 G A O ) 2% S L
SEAESE S PR AN A% & R R R AR ]
KT 3 A A A R LA T SRR
FEHR, MEAZ B o 0 A £ A S i i

2 él:l:l: — 1
i, 25 R R B, AT 5 IO T HEAT 1 MEAZ B X
2.1 HRABEEEAREIFRE . WALEMNH AA—ENBRIEM.
I s b o b .
s s e g ®1 BEAERETHE LT
S b R ONE
WEE A% R T A B R i T B BOR T R T Tab.1 Fertility rate,hatch rate and
3 A A, K3 @%ﬁﬁﬂ%?ﬁﬁﬂfﬁ&kﬁﬁ survival rate of GKoi %
HAB SRR, BIRTE LT d 7P A 5o e ZHIH 4L % R
Hﬁ\ﬁ H]:a:[%t ,fEI %mﬁﬁﬁ %Jr E,(J gﬁ% ’f‘{ﬁ%%ﬂﬁi IE % fertility rate hatch rate survival rate
(£1), Wi & B AR GKoi  68.9£2.7  30.6+3.5 24.2x1.3
R2 BRAEEREERESHSRTEMHRILS
Tab.2 Comparison of ratios of measurable traits of gynogenetic orange
ornamental carp and its maternal parent
R/ 2K [LNEVEINN KR/ R K/ kK R/ R kv /R
BL/WL BH/BL HL/BL HH/HL PH/PL HH/BH
3 A A1 Koi 0.79 £0.03 0.32 +£0.04 0.29 +0.02 0.72 £0.02 0.83 £0.02 0.65 +0.02
A% & R i GKoi 0.79 +0.03 0.39 +0.03 0.27 £0.02 0.85 +0.03 1.15+0.03 0.60 £0.02
x3 HZRXEREAKESHSARTHER
Tab.3 Comparison of countable traits of gynogenetic orange
ornamental carp and its maternal parent
2% 8% Ik I 8% Ik T f% Jik % 2% — .
lateral line upper lateral lower lateral abdominal . .
. back fin anal fin
scale scale scale fin
+1.24 .21 £0. 18 +£0.72 .15 0. 17. +1. .52 +0.54
5B Koi 36 6 0.79 7.18 0.7 8.15+0.79 m+17.83 05 I +5.52 +0.5
(35 ~37) (5~7) (6 ~8) (7~9) (M +16 ~19) (T +5~6)
35.12 £0.68 6.02 +£0.56 7.08 £0.71 9.24 +£0.70 m+19.18 £0.69 I +6.55+0.61
4 % 25 GKoi
HEZT M Okoi (34 ~36) (6~7) (7~8) (8~10) (11 +18 ~20) (I +6 ~7)

T AR SR AR & 20 %0 H

Notes: Il represent the number of hard fin.
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TR 2N 98% , Forh B H O 100 1 Bt 5 EE 491

92% X UL T MERZ K A By R (] 1-a) .

Je@ R4 % Levan [QARERE , 70 HTBERZ R

S 10 A7 22 73 2 h W e @A T AR 15 Hh EA%
RE MO — B EMRAEE h 11 RhEE 28
PR (17 2007 H AR 3G 2200 g @R (11 2% 0 g 57
LR RN 1L IR i A 220k G (8 TR AR
MR B A A R HE S 22 200 22 m + 34 sm +22
st+22 t( [ 1-b) , RGN A2 B2 5 1 4 9 4%
TS SK— B0, T #E— 25 R W T A% A i 6
AR AR 5 Ak 5 A 5
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smo 3R HE AN BB BC XX KK 8% 8A #K
88 8K &R KB K3 x§ 55

st 8D &h Ad HA AA &A BX A8 AA AA
Y.}

t O 08 a0 0N AN AA 09 AA AN A0
on

(b)

Bl EZzLEREFHLe4cIRERZE
(a) BERZ K B SR AT 22 53 24 P e 0, 7R 53 2440 (20 = 100) 5 () MERZ R T 47 0 2 €4 (A 20 7Y
Fig.1 Metaphase chromosome spreads and karyotype of GKoi

(a)Metaphase chromosome spreads of GKoi(2n =100) ; (b) Karyotype of GKoi.

x4 HERIEREFHLEEHBSIT

Tab.4 Distribution of chromosome numbers in metaphase of mitosis in GKoi

" P 4
ﬁ " Sy BUARECH R IR
a4 (NS4 number of distribution of chromosome numbers
fish name sample no.
spreads <95 95 ~99 100 >100
Wi K FR il GKoi 10 100 1 6 92 1

2.4 BEREREEREZERERL

1 IrF EAZ e 7 i 0000 5 U0 R S s L i
LE TR IR BRI (K 2) o GRS AP A AE R AL T
0 st A 00 IO EsF R A9 B 200 0, 3K 3 P M A K 77
1) BT 5 T DL IE R T O A O MEE R InE AE
100 F2 A0 Fey E A% A 77 i 8 o, AT Al #82 ] LS5
A AR, B — P UE ] T A A T
W

B2 HZLEREEREHEAE
I, I0 53 AR 3% % 7 28 1T A 0TI Bl B 6 240
Fig.2 Gonad histological sections of GKoi

Il , Il shows the mature primary oocyte at stage of Il and I,

respectively.

2.5 WA ERE SOX EE PCR § i H &
S

SOX ( SRY-box ) H [A 52 Ji 4 — A~ H A7 v BE fj
SF B HMG #; (high mobility group-box ) % i %% 5%
PR 7~ 1 R DR M . A 225 R & O [ ) v
SOX %P HMG-box {3 ~f X J5# 71 % 11 1Y fif JF 5
Yy, AT ATEAS [6] ) W) A i 19 2 DX 24 DNA b 3 4
B RN CECH MF A 2% 1 SOX JE Y
DNA F Bt A [/ — ¥ F 4, PCR 4" 15 254 B AT
e L DR ST o EAZ R i I T LA A
] ) SOX Jk 5 47 4% J Bt (200 bp 1 900 bp 4b 4%
i) o Bk T OME R R T R R A g
FRARPIE (K 3) .

3 3t

3.1 AIgEsHEaXBREEMINEES

N TR 2 e — ol bR T AR A o A 4 R 4 £
REEM TR ERNE R E — W ES ~
10 f{H S A g Sr — AN IE A2 4l 2 T 3 3 A% K
FRAE L ~2 RAEA s — D R R, A%
KB i — TR S £ 2 P 59 ke AL o) e B TR 52
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1 000 bp!
800 bp
600 bp

400 bp
200 bp

B3 SOX EE PCR ¥ HEEKE
2 VK TE A 43 TR6 B S 200 bp HYARIC; 15 UkGHE A i 6 SOX
B PCR 34 4%, 7E 200 bp LA K& 900 bp 7 47 A A5 57l 5 2
5 UIGE R K AR AE SOX FE PCR ¥ 1 ki, B S EA
— B A
Fig.3 PCR electrophoretogram of SOX gene

Mark. DNA ladder markers (200 bp increments); Lane 1. two
DNA fragments ( approximately 200 ,and 900 bp) from Koi; Lane
2. two DNA fragments ( approximately 200 and 900 bp) from
GKoi.
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Genetic, gonadal development and shape characteristics researches of
gynogenetic orange ornamental carp( Cyprinus carpio L. )

LIU Qizhi', XIAO Jun®, LUO Kaikun®, ZHANG Yong', WANG Yuequn®”
(1. School of Life Sciences,Sun Yat-sen University ,Guangzhou 510227 ,China;
2. Department of Life Science ,Hunan Normal University ,Changsha 410081 ,China)

Abstract; Gynogenetic orange ornamental carp( Cyprinus carpio L. ,Koi) with high hatch rate and survival
rate was obtained by egg activation using the UV-inactivated sperm from blunt snout bream ( Megalobrama
amblycephala) and then chromosomes doubling with cold shock treatment at the temperture of 4 C for 30
min. The gynogenetic orange ornamental carp was proved to be diploid with 100 chromosomes by
chromosome number detection and karyotype analysis. At the age of 1 year, 10 gynogenetic fish were
randomly sampled to detect gonad development and only ovary was observed in all the samples;during the
spawning season at the age of 2 years,100 gynogenetic fish were stripped for semen production but none of
the samples could strip out semen but green eggs,the presence of all-female gyongenetic orange ornamental
carp provided vital evidence to prove that the sex determination type of female orange ornamental carp is
XX. In addition,the genetic relationship of SOX gene, the phenotypes and body color between gyongenetic
orange ornamental carp and its parent were also observed in this study,and the results show that gyongenetic
orange ornamental carp inherits the same amplified fragments as the maternal parent, which provides
importment evidence to get rid of its heterozygosity. Meanwhile, gynogenetic orange ornamental carp
inherited the graceful shape of its maternal parent and the body color is brighter. The formation of
gynogenetic orange ornamental carp lays foundation for purification, rejuvenation and genetic improvement
for orange ornamental carp and also provided good material for fish sex determination and sex control
research.

Key words: ornamental carp; gynogenesis; genetic breeding; chromosome
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