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(Sangon) Taq odNTP PCR B uffer
1 pBR322 M arker
1.1 1, (Jingmei B iotech)
( PCR : 2@ L,
, Two-generation artificially induced gynogenetic grass 10 x Taq (L), Taqg
cap)14 ,6 ( (1.0U), dNTP (0. 8mmol/L ), DNA (50ng) ,

,One-generation artificially induced gynogenetic grass

camp) 1
DNA, 5
[4,17]
1.5mL ) )
5min , - 70 ;
DNA
1.2 5
PHA )
30
1.3 DNA /
DNA K ,
NaCl , Eppendorf
Bio Photometer DNA
DNA ,
DNA DNA
PCR DNA 4
1.4 RAPD PCR Applied
Biogygens Geneﬁ\mp® PCR Systen2720
RAFD
(Sangon) , Tag  oNTP FCR Buffer
LanadaDNA / Hind +EcoR Marker
(Sino-American B iotechnology Campany)
10 RAPD
rer Si4
31 H1 H4 H6 N9 S115 S331 326 333
1.5 PCR Applied B io-

ysems GeneAmp PCR 9ystan2720

Primer + (0. 2 mol/L) , Primer-(0. 21 mol/L) ,M¢Cl,

(1. 25mmol/L), ddH,0 2 L

PCR 194 5min, 94
30s, 30s( ), 72 30s,
30 ;72 2min, 4 PCR

(1

PCR : 8%
Tanon GIS

DNA 7
28 [16,20,21] ,
(1

1
Tab.1 The squences and annealing temperature of 7 pairs of

microsatellite primers

M icrosatellite . Annealing
locus Primer sequence temperature( )
MRV 1 FGTCCAGACTGTCATCAGGA G 61.0
GAGGTGTACACTGAGTCACGC
MFW2 FCACACCGGGCTACTGCAGAG 61.0
GTGCAGTGCAGGCAGTTTCC
MFV4 FTCCAAGTCAGTTTAATCACCG 58.0
GGCGAAGCGTTGACAACAAGC
MFN8 FCACTTAGCATGGCAAATITTCC 58.0
CTATAACTCCTGAAGGCAGAC
M P22 FGTTCTATAAACATACACCCTG 58.0
CAAAAGGAACTGAGCATAGT
M PN 24 FGCTCCAGATTGCACATTIATAG 58.0
CTACACACACGCACGAGCCTTTC
M FW 26 FCCCTGAGATAGAAACCACTG 58.0
TACCATGCTTGGATGCAAAAG
1.6
(Sangon)
1.7 Nei'”! F:
F=2N,/ (N, +Ny)
Ny N, X y
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Fig 1 Metgphase chromosime and the karyotype of one-generation gynogenetic grass camp
2.2 RAPD 6—13
10 RAPD 14 , 0.2—3kb ,
DNA ( 2) 10
RAFD , ,
bp
2027
1904
1587
1375
941
831
564
bp
2027
1904
1587
1375 S66-1
941
831
564
2 Sl4 6 RAFD
Fig 2 Electrophoretogran of RAFD products anplified from primers Sl4 and S66 in the wo-generation gynogenetic grass cap and its parents
C: i Gyt 1 1—14: ;M: LanbdaDNA /Hind +EcoR Marker, N: ; $66-1:

C: Patemal common camp; G, : One-generation gynogenetic grass cap mother; 1—14: Samples tvo-generation gynogenetic grass camp; M: L anbda DNA /
Hind + EcoR Marker, N: Negative control; $66-1: The band that presents in all the three samples
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GRACGGACTCAGACARARATGE ATCGG- ATGAMCGARCTCAG- AAGGAACGAATTGE-————-- | ¥ CCTTARTGT-—-—-GACGTCACATG—CACGCAGT TTTCTAACTGTT -~ ARATGITATACTARGT TTTh-——-—-—— Thihd-—---——-
GAACGGACTCA--COGaT TTGoAACGAC ATGAGGT GAGTCAT TARTGAC AT ART TTTCATTTTTGGCTGAAC TAN CCT TTARTGTTGACAGACATAGAGTGACCAT AGRGTC ACTCCACAGTTC AGAGAGTTGTGT T TAGAATTAC AGT AGAGOTACAAGAGT GGARA
-=-CATGICCCACTGAGATT-———-—-—- ATTT--TGTAMATTTGT AT TAGC-CTATTCGCTAGTTTTATTTG ATGT - TTARAARGT TAGCT AAATAACACATTGC RACT AGCTTGTATGT T ACA-—-———- RACTATTGTGACCCTTACGARMAT-TAACCATGGT-T
GTTCATGTTT-ACTGTGETTGAGGAGCAGATTTAC TGTAGATTTGAR-~AGTACTGTACATICATTTTATTTGTTTTTATTGAT ARAGT AGTART AGAGC-TACTGTAG——AGTTGAGATAGAGCAGC AGT GGAGT TATT-TTACTGACARGAAGGTGTGGAGRTANICT
TTATTATAGTAMAGTGTGGC AN TATGTTTTT---TITGGC AGSTTT AT TGTATTTGTAT AACARTAGTTTT ACTAC ARATGCC ATARACTAT AGT T ARRACCATGETTRATTTGTGGT TACCATAGT TRACTAC ARTARTGTT--TTTGOTTTTATI TGTAGTAMAL
TTACAGARATAGRGCTGC AGT AGAGATACTGTAGAAC TTAAAGT ATTCAGTTARTGTT TACAGAC AGAGD GGTACTAGASCTECTGTAGAGTA-- -~ AAGA-—--GOGTAAT - AGGGCTAT TGTAG—— AGTICTGATGGTGTARATT TARTGTTARCTGTGRTAGAST
CATGGTTCATTTICAT ARGGGAAGT AARARATCT TTCGAGCTGCATTGT TATRAGCACARC TG TT TG GTA AGAGST T ALC AGGGARACGECT T TAT TTCTCETGT TCCAGC ACCACCTACTGTC AGAGAGGC GAT-TACATT T TCATTCAGCCCGT TECTGTTTTIC
GOAAG—CAGTTTTCCART-- ARATGORANSTTGATAC A~ TGARGTGATAAAGC GGUARCAGAGTTAC - TATAGAGT TGA--GGTAGAGCAGCARTAGAT TTACTG—--CAGAAT A AGAGT - AMAGAGT TARTATTCATTGAT ATAGAGC A-——-ACTGTAGAGT
TGCAGACCAATGTTAAATAGTAATGTTCT -~ TTTCTGTATA-—-TAACCTARCCAGT G- TAATATTTAATTAAAGCTGTARGAAC AMRATATCAGGT AGCCT TCAGC T TACT TTCGGCCCTICTCICRCTCTCTCTGTTT TTTTTTAT TAGT TTTTARTGCTCGARTAT
TACAGTACAGT- TGAGAGGGTTGTATTTACAGTTACTGTAGAAGT TGOAGCGACGAANGGTART GTTTAT - ~GTGGTAGA-—-——--------GLAGCAXTARATTTACTCCAGARTTGTGAGTAGAGAGT TACGTAATATTT-ACTGAC ATAGAGTGACTGT AGAG
CARTAACATGAAGAACAT TGCCCAGGGATTAC ATARAT AGCCT AL GTRARATAAACC ATAGATAGRT TCTACATARTTCACAT AGGCCTACATGC AC ACGC AL CATCARTTTGAGAATACAGTTARAT ATARARARRGGET TTTTTATARAAAGGERTTATGATGRCATT
TTACTATACAGT GGACA-——--——- GEATTGTGTT TAGAGT TAGCGTARC GT--TCTGTTGTTGGAA- -~ AGRTARTGT TCACTGT GGTAGK-———-—- GCAGCACTAGATTT ACTGCAGRAC TGAGAGT AAAGAGAT AGTCATTGATATAGRACGACTGTA-—-GAGTT
ATGGIGGCATTATGATGOGAT AMAGCCARTAGARRGTTATAC AMACTTAGA -~ GACTARGAGCCTTGTTTA-—-TAGTAGAAC A-TAATAARGTARTCTATTGTATT -~ AGGCTAAGT AGGC ARAAGTGAT -~ GTGARMGAC AAGATGOC TGARATGCGRAGCTGR
CCTGTACARTTGAGA-GGGT T-------- GTATTTAGTTATCGTGGAT TAGRAGGIT GoAAAGT TCAGTICACTGTGGTAGRCCAGC AGTAGRGTTA-CTATAGAGT T TGARGGTGARAGT TRRTGTTTATT TATGTAGAGT TAC AGTAGACT AACTGT AGRACTC A
TCAMMCATCCACK———-— TCATTTTIGTTGI TATTICCAACTTGGT T~ TTACCCTAMCAMGAACTTTGCAGTGARTATATCAGACCTTGAGTCCGTIC

ThGOAGTGEAT AGAGETGCTCTACCTIGTIGAC AGGT T TCTCTGGAGT L GTCACC AT AGST TCT GG TGGAGCT BT TGCTTTICT TAGAT GGARTCCGTTC

3 $66-1
Fig 3 Nucleotide ssquence comparion of the $66-1 of the Wwo-generation gynogenetic grass carp and common camp

2 RAPD
Tab. 2 Camparin of the RAPD reaultsof the wo-generation gynogenetic grass cap and its parents

G

Amplified bands Smilar bands in the G,and itsparents

Primers

G G, c G, G G,.C

Sl4
31
1
64
66
9
S115
S326
S331
S333

o

TCCGCTCTGG 11 11 9 11
CAATCGCCGT 13 13 12 13
AGCGCCATTG 13 13 12 13
CCGCATCTAC 10 10 14 10
GAACGGACTC 10 10 9 10
CTCACCGICC 6 6 6 6
AATGGCGCAG 11 11 9 11
GTGCCGTTCA 12 12 14 12
CTCAGTCGCA 11 11 10 11
GACTAA GCCC 7 7 8 7

PO O O O O Fr OO O

SM 104 104 103 104

1 G ;G ; C

Note

2.3

G,: Two-generation gynogenetic grass camp; G, : One-generation gynogenetic grass carp mother; C: Paternal common carp

: (

7 14 5) MFAV1 MAV4 MPANV8 MPW 26

DNA 1

7 26 ,MFW2 MRAN22 MPWN24

124—297bp , 7

4
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Fig 4 Electrophoretogran of PCR products anplified frlm MV 1 in the wo-generation gynogenetic grass carp and its parents
C: ; Gyt ;1—14: ;M: pBR322 M arker; N:

C: Paternal canmmon camp; G;: One-generation gynogenetic grass carp mother; 1—14: Samplesof wo-generation gynogenetic grass camp; M : pBR322
M arker; N: N egative control

MFW26 MFW24 MFW22 MFWS8 MFW4 MFW2 MFWI
bp M E@WENE Tl G D eGrG . ClGEG 0066 " UG 16" € GG
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Fig 5 Electrophoretogran of PCR products amplified by 7 pairs of microsatellite primers in the two-generation gynogenetic grass camp and its parents
C ;G ;G ;M: pBR322 M arker

C: Paternal common camp; G, : One-generation gynogenetic grass cap mother; G,: Two-generation gynogenetic grass camp; M: pBR322 M arker

3
Tab. 3 The size and the number of alleles anplified from 7 pairs of Size of alleles Number of alleles
microsatellite primers in Two-generation gynogenetic grass carp and its parents Marker (bp) G, G C
232 0 0 1
Size of alleles Number of alleles 261 0 0 1
M arker
(bp) G G C 271 0 0 1
MPANV1 186 0 0 1 297 0 0 1
189 1 1 0 MPwW 22 150 0 0 1
182 0 0 1
195 0 0 1
MPW 24 282 0 0 1
232 0 0 1 300 0 0 1
252 0 0 L MPWV 26 169 1 1 0
MPFRV2 227 0 0 1 232 0 0 1
293 0 0 1 268 0 0 1
MPAV4 124 1 1 0 276 0 0 1
158 0 0 1 SM 4 4 22
186 0 0 1 LGy LGy C
284 0 0 1 Note G,: Two-generation gynogenetic grass cap; G,: One-generation
M PN 8 143 1 1 0

gynogenetic grass camp mother; C: Paternal common camp
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2.4 ( 1.000); G-7( 0.9781) H6-

RAPFD 1,

, 46. 1% ,

G-4 G5 G-4 0. 9903,
G-13 G5 G-13( 1.000); G -6 0.000 RAFD
14( 0.9563) ( ,
0.9797 G-4 G5
RAPD

Tab.4 Genetic smilarity of 14 individuals of #o-generation gynogenetic grass caip and its parents based on the RAFD analysis

1 2 3 4 5 6 7 8 9 10 11 12 13 14
G-
1
Gy- 0.9
2 647
G;- 0.9 0.9
3 593 607
G;- 0.9 0.9 0.9
4 912 822 872
G- 0.9 0.9 0.9 1.0
5 912 822 872 00
G- 0.9 0.9 0.9 0.9 0.9
6 661 566 788 836 836
G- 0.9 0.9 0.9 0.9 0.9 0.9
7 712 655 667 872 872 621
Gy~ 0.9 0.9 0.9 0.9 0.9 0.9 0.9
8 822 822 782 909 909 836 734
G- 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
9 695 695 655 869 869 709 607 960
G;- 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
10 786 786 652 873 873 709 778 873 833
G- 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
11 735 652 601 743 743 653 727 743 608 873
Gy~ 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
12 822 912 782 909 909 740 734 909 869 873 917
G- 0.9 0.9 0.9 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9
13 912 822 872 00 00 836 825 909 869 873 826 909
Gy~ 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
14 818 909 604 826 826 563 730 826 692 790 917 917 826
G 0.9 0.9 0.9 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
869 869 829 00 00 836 781 957 917 917 873 957 957 873
C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
000 000 000 000 000 000 000 000 000 000 000 000 000 000
, Nei
(
5) 5
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Tab.5 Genetic smilarity of 14 individuals of two-generation gynogenetic grass cap and its parents based on microsatellite analysis
1 2 3 4 5 6 7 8 9 10 11 12 13 14
G,-
1
G;- 1.0
2 00
G,- 1.0 1.0
3 00 00
G,- 1.0 1.0 1.0
4 00 00 00
G,- 1.0 1.0 1.0 1.0
5 00 00 00 00
G,- 1.0 1.0 1.0 1.0 1.0
6 00 00 00 00 00
G;- 1.0 1.0 1.0 1.0 1.0 1.0
7 00 00 00 00 00 00
G,- 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8 00 00 00 00 00 00 00
G;- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
9 00 00 00 00 00 00 00 00
G,- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 00 00 00 00 00 00 00 00 00
G;- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
11 00 00 00 00 00 00 00 00 00 00
G;- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
12 00 00 00 00 00 00 00 00 00 00 00
G;- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
13 00 00 00 00 00 00 00 00 00 00 00 00
G,- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
14 00 00 00 00 00 00 00 00 00 00 00 00 00
G, 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
00 00 00 00 00 00 00 00 00 00 00 00 00 00
Cc 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
000 000 000 000 000 000 000 000 000 000 000 000 000 000

(1] RA FD
DNA:

[23]

RAFD

[24]

DNA
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# ;
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0. 9903 (RAFD ) 1.000 (
), 0. 000
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$6-1 46.1%,
DNA
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ANALY SISON THE GENETIC INFL UENCE OF HETEROLO GOUS SPERM [N
THE GENOM E OF GY NOGENET IC GRASS CARP

HU Hai-Xing"?, ZHENG Kang"?, CHEN Jin-Hui"?, L IU Zheng-Hua *, ZHANG Qiong-Yu"? and LUO Chen’
(1. Institute of B iology, Hunan Nomal U niversity, Changsha 410081; 2. College of L ife Sciences Zhejiang U niversity, Hangzhou 310058)

Abstract: Grass camp, Ctenopharyngodon idellus, isone of the most important freswater fish cultivated in China. Pure lines
or highly pure inbred lines have © be generated for slecting geneswith desired econamical characters during the breeding
of grass camp and to avoid genetic separation that could degenerate the population character. Since the sexually maturation
of grass carp needsmore than 4 years, © obtain a pure line of grass carp by sib matingwould take several decades and re-
quire much of labor and material resources Modern artificial gynogenetic technology provides a rgpid and econamic way to
establish pure line or highly pure inbred line of grass camp. By inducing the gynogenetic development of mature grass cap
eggswith UV -irradiated heterologous gpemm and then inhibiting the first cleavage or the second polar body release of the
gynogenetic eggs, ablute pure diploid individual or very highly pure diploid individual could be obtained. After the matu-
ration of the gynogenetic individuals, by reinducing the gynogenesis of mature eggs fran a gynogenetic individual, abolute
pure line or highly pure inbred line of grass carp could be generated. The genetic and developmental impact of the UV -irra-
diated heterologous gpeim on artificial gynogenetic fish, however, it remains a subject of debate in the fish artificial gynoge-
netic studies

In order to determine the genetic influence of heterologous pem in the gename of artificial gynogenetic grass cap, ge-
nomes of artificially induced gynogenetic grass carp and their parentswere comparatively analyzed with the techniques of
randam amplification polymomphisn DNA (RAFD) and microsatellite analysis The 14 gynogenetic grass carp individuals
used in the examination is fram a wo-generation artificially induced gynogenetic grass cap group (meio-gynogenetic-2
group) , inwhich all the individuals share an identical gene type. The mother of thismeio-gynogenetic-2 group is an indi-
vidual fran a one-generation artificially induced gynogenetic grass cap group (meio-gynogenetic-1 group) . Chramosome
analysis provided that there isno chranosome or chramosomal fragnents of the heterologous gpem in the metephase of the
meio-gynogenetic-1 grass cap group. Pure mother could smplify ascertaining the heritable origin of gene loci in the gyno-
genetic grass cap. The pseudofather of the meio-gynogenetic-2 group is a canmon cap and its em being irradiated by
UV before used for activating the matured eggs of grass camp.

W ith 10 polymorphic random primers, total 104 RAFD loci were detected in both the genomesof the meio-gynogenet-
ic-2 group and their grass camp mother, and 103 loci in the paternal common cam. In microsatellite survey with 7 pairs of
microsatellite primers, 4 microsatellite loci in both of the meio-gynogenetic-2 grass carp group and their grass carp mother,
and 22 in their paternal common carp were detected regectively. On one RAFD locus, through the PCR products of the
meio-gynogenetic-2 grass carp group could not be distinguished from that of the paternal canmon carp by their length, obvi-
ous differenceeswere observed in their nucleotide sequences Genetic smilarity analysiswas0. 9903 to 1. 000 betveen the
meio-gynogenetic-2 grass cap group and the meio-gynogenetic-1 grass carp mother, but 0. 000 betwveen the meio-gynogenet-
ic-2 grass camp group and the paternal canmon carp. These reaults indicated that no locusof the detected loci was identical
in gynogenetic grass camp and paternal common camp, the genetic materials of the heterologous pem did not contaminate
the gename of the meio-gynogenetic-2 grass cap group and the genetic materialsof canmon carp pem could be complete-
ly destroyed by properly UV -irradiation.
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