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RAPD analysis of genetic diversity of inbreeding F, progeny
in two artificial gynogenetic strains of silver carp
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Abstract: Silver carp ( Hypophthalmichthys molitrix) is one of the main-farmed freshwater fishes and possesses a large proportion in
freshwater aquaculture in China. At the present time, because of the lack of techniques in seed selection and seed protection, the
natural resources of silver carp were destroyed, and the propagations in close relatives lead to the germplasm degeneration. In China,
researchers have prelimiparily established two artificial gynogenetic strains of silver carp at present based on molecular marker
techniques, but the success in inducing gynogenesis is only the first step to achieve breeding selection of good strain in silver carp, the
next step is to solve the problems in reproducing offspring and keeping good characters of parents. In order to test the stability of their
genetic characters, genetic distance, genetic similarity and population genetic diversity of inbreeding F; progeny in two artificial
gynogenetic strains of silver carp were analyzed with the methods of RAPD, with common carp and common silver carp as control
groups. The results indicate that mean genetic similarities among individuals in inbreeding F, progeny of GSC I (Gynogenetic Silver
Carp, strain 1) and GSC II are 0.972 2 and 0.980 7 respectively, which are higher than those of common silver carp group
(0.954 6) and common carp group (0.872 7). Shannon’s index of phenotypic diversity of two strains are 0.062 9 and 0.052 9
respectively, which are lower than those of common silver carp group (0. 101 8) and common carp group (0.213 2). The
experimental results show that the inbreeding F; progeny in two strains of GSC I and GSC II keep higher consistency. The relationships
among individuals of inbreeding F; progeny in two strains and two control groups are shown clearly in UPGMA and NJ tree. The
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RAPD amplified results from 26 random primers indicate that specific DNA fragments are amplified by five primers ( OPG04, OPG17,
OPPO1, OPM11 and OPM16}, which can be used to discriminate the inbreeding F; progeny of two artificial gynogenetic strains of

silver carp.
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Tab.1 The codes and sequences of primers

514 FH(5° -3") 3149 (5’ -3") 5149 (5" -3")
primer sequence (5’ -3’) primer sequence (5' -3") primer sequence (5’ -3")
OPI - 03 CAGAAGCCCA OPP - 03 CTGATACGCC OPG - 14 GGATGAGACC
OPI-13 CTGGGGCTGA OPP - 05 CCCCGGTAAC OPG-15 ACTGGGACTC
OPI - 14 TGACGGCGGT OPP - 07 GTCCATGCCA OPG-17 ACGACCGACA
OPI - 16 TCTCCGCCCT OPP - 08 ACATCGCCCA OPG-19 GTCAGGGCAA
OPI -17 GGTGGTGATG OPP-11 AACGCGTCGG OPM -11 GTCCACTGTG
OPI - 18 TGCCCAGCCT OPP - 13 GGAGTGCCTC OPM - 15 GACCTACCAC
OPI - 19 AATGCGGGAG OPP - 17 TGACCCGCCT OPM - 16 GTAACCAGCC
OPP-01 GTAGCACTCC OPG - 4 AGCGTGTCTG OPM - 17 ' TCAGTCCGGG
OPP - 02 TCGGCACGCA OPG - 11 TGCCCOGTCGT
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Fig.1 Amplification profile in four groups generated by OPI14 primer
M: 400 - 2000bp DNA ladder
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Fig.2 Amplification profile in four groups generated by OPG17 primer
M: 400 — 2 000bp DNA ladder
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Fig.3 Amplification profile in four groups generated by OPGO4 primer
M: 400 — 2 000bp DNA ladder
FikBR 9 GSCII St B #E A LA 4 . Arrow indicates alike band between GSCII and control carp

2.3 Nei KiBfEHEMEFBEES
wiageitatr,6sc 1 VI RIEX F BiBfE
PE B FNR AL W32 3 FigK 4, GSC I BAME
() 3B E BE R4 0.017 5~ 0.040 4,19 0.027 8;
AR AR 0.972 2, T RAMKEI A 1E
FEES 4 0.009 8 ~0.032 3,14 0.019 3; %%
FALEE 0.980 7, X HEBE {4 (8] 1 28t (5 BE 4
40.045 4, F-EIHBLEE R 0.954 6; X AR B2 {A [a]
S H AR R R 0.127 3, BAEHLUE X 0.872 7,
DABEAAR N S BE B M SE (B T B R AR Z A &)
WG, AR NF S, HPNRZEMBEEER
H0.067 9, B EHLIE 4 0.932 1; 7§ & FIxd BE 6

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.

HREFE RS A 51K 0.096 7.0.081 5, 5%} B &8 A
BAEFE B A5 0.553 3.0.562 3, B EEAS
H,GSC1 . I BRI F, BIMEZ X R L, HIK

KT B 5 R IR BE A 5L R BT, 5 X IR R4 R
2.4 BHEHE

HRHE 20 MAE] Y Nei [GBIERER, RA NI
B UPGMA =BT MEMRLE ., WM
BREE RAD, E 4 B 5 iR, 1 &89 641
MEM T Z/ 11 MRS RE—E,.AG
I IFWARN X, HEWEERE-E,Bf5
HxfEEERE-—2,

http://www.cnki.net



158 Ko % R 29 %
R2 4PEELY A AE . S5 A Shannon 1ER(H,)
Tab.2 The mumber of amplified bands and polymorphic loci amplified from four groups and
Shannon’s index of phenotypic diversity ( H, )
TN BB BBLLAED Shannon 154K H,
3}% no. of amplified bands ( polymorphic loci) Shannon’ s index
primer GSCI GscI CSC cc GsC1I Gscl Ccsc cc
OPI03 12 (0) 12 (0) 12 (0) 8 (2) 0.0000 0.0000 0.0000 0.1222
OPI13 8 (0) 8 (0) 9 (1) 10 (2) 0.0000 0.0000 0.0757 0.1153
OPI14 12 (0) 13 (1) 12 (3) 7 (5) 0.0000 0.0532 0.1524 0.2914
OPI16 9 (0) 10 (1) 9 (0) 6 (2) 0.0000 0.0692 0.0000 0.1628
OPI17 8 (0) 8 (0) 9(2) 10 (5) 0.0000 0.0000 0.1423 0.2531
OPI18 9 (0) 9 (0) 9(1) 6 (3) 0.0000 0.0000 0.0757 0.2755
OP119 12 (0) 11 (0) 11 (1) 9 (0) 0.1068 0.0000 0.0615 0.0000
OPPO1 6 (0) 7 (0) 8 (1) 5(2) 0.0000 0.0000 0.0846 0.2418
OPP02 4 (1) 4 (0) 5(2) 10 (5) 0.1191 0.0000 0.2162 0.2663
OPPO3 5(1) 4 (0) 4 (0) 5(3) 0.1362 0.0000 0.0000 0.3771
OPPOS 10 (3) 13 (6) 11 (4) 8 (5) 0.1653 0.18%4 0.2082 0.2782
OPPO7 8 (0) 7(1) 5 (0) 7 (4) 0.0000 0.0597 0.0000 0.35%
OPP08 10 (0) 10 (0) 10 (1) 11 (9) 0.0000 0.0000 0.0677 0.4422
OPP11 12 (3) 10 (0) 9(1) 10 (7) 0.1211 0.0000 0.0530 0.35%4
OPP13 6 (2) 4 (0) 5(3) 4 (1) 0.1803 0.0000 0.2755 0.0740
OPP17 4 (0) 5(1) 6 (2) 3(D) 0.0000 0.1384 0.1829 0.2269
OPGM 5(3) 6 (1) 5 (0) 3(0) 0.0000 0.1020 0.0000 0.0000
OPGl11 10 (3) 9 (1) 9 (2) 4 (0) 0.1649 0.0639 0.1344 0.0000
OPGl4 7(0) 7 (0) 8 (L) 8(3) 0.0000 0.0000 0.0596 0.2292
OPG15 7(2) 7(3) 9 (5) 7 (5) 0.1837 0.2839 0.3324 0.3538
OPG17 9(3) 6 (1) 6 (1) 9(2) 0.1958 0.1020 0.1136 0.1053
OPG19 6 (1) 8 (2) 8(3) 3(1) 0.1127 0.1362 0.1791 0.1590
oPM11 8 (0) 9 (0) 8 (1) 11 (6) 0.0000 ~0.0000 0.0845 0.2936
OPM15 6 (0) 6 (0) 7 (0) 9 (3) 0.0000 0.0000 0.0000 0.1409
OPM16 6 (0) 7(0) 7(1) 8 (2) 0.0000 0.0000 0.0966 0.1441
OPMI17 11 (3) 11 (3) 11 (1) 11 (6) 0.1502 0.1771 0.0620 0.2734
Bt total 210 (24) 211 (21) 212 (37) 192 (88)
P% 11.48 9.95 17.45 45.73
¥ mean 0.0629 0.0529 0.1018 0.2132
%3 GSCI RBEHMEMMEZ AT Nei KB E2EE (D) FREHECB(S)
Tab.3 Genetic similarity and genetic distance among 6 individuals of GSC 1
Il 12 I3 T4 Is I6
11 0.9698 0.9727 0.9825 0.9777 0.9723
I2 0.0302 0.9673 0.9772 0.9622 0.9719
I3 0.0273 0.0327 0.9700 0.9701 0.95%
14 0.0175 0.0228 0.0300 0.9750 0.9746
Is 0.0223 0.0378 0.0299 0.0250 0.9798
le 0.0277 0.0281 0.0404 0.0254 0.0202
X AR L A UE , T R G, TR
Notes: Genetic similarity above diagonal and genetic distance below diagonal, the same below
Fd4 GSCI ZEMEANEZ BT Nei [KIEEIERE (D) FEEHUBE(S)
Tab.4 Genetic similarity and genetic distance among 11 individuals of GSCII
I 12 I3 I4 Is Ie6 I7 I8 Io 10 In
I 0.9877 0.9800 0.9851 0.9826 0.9777 0.9800 0.9803 0.9755 0.9778 0.9724
T2 0.0123 0.9876  0.9877 0.9803 0.9901 0.9826 0.9780 0.9781  0.9902  0.9801
I3 0.0200 0.0124 0.9801 0.97%6 0.9875 0.9849 0.9703 0.9704 0.9777 0.9824
I4 0.0149 0.0123  0.0199 0.9877 0.9877 0.9801 0.9902 0.9805 0.9828 0.9726
Is 0.0174 0.0197 0.0224 0.0123 0.9851 0.9776 0.9877 0.9878 0.9754  0.9750
Ie 0.0223 0.0099 0.0125 0.0123  0.0149 0.9875 0.9779 0.9829 0.9852  0.9800
7 0.0200 0.0174  0.0151 0.0199  0.0224  0.0125 0.9752  0.9754 0.9777 0.9773
Is 0.0197 0.0220 ©0.0297 0.0098 0.0123 0.0221 0.0248 0.9854 0.9731  0.9677
Io 0.0245 0.0219 0.0296 0.0195 0.0122 0.0171 0.0246 0.0146 0.9781 0.9778
T10 0.0222 0.0098 0.0223 0.0172 0.0246 0.0148 0.0223 0.0269 0.0219 0.9801
111 0.0276 0.0199 0.0176  0.0274 0.0250 0.0200 0.0227 0.0323 0.0222  0.0199
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Tab.5 Average genetic similarity and average genetic distance among 4 groups

GsC I GsCI CsC cC
GSC1 0.9321 0.9033 0.4467
GSCI 0.0679 0.9185 0.4377
CsC 0.0967 0.0815 0.4389
cC 0 5533 0.5623 0.5611
GSCl 1 GSCI 1
GSC] 4 GSC[ 4
GSC] 5 GSCI 5
GSCI 6 GSCl 6
GSC] 2 GSc] 2
GSCI 3 GSCI3
GSCII 1 GSCI[ 1
GSCII3 GSCII 4
GSCII 6 GSCII 8
GSCII7 GSCII S
GSCJI2 GSCll9
GSCII 10 GSCI[2
GSCII 11 GSCIL 10
GSCIl4 GSCII6
GSCII 8
GSCIT 5 Geclis
GSCI[9 GSCH 7
CS61 GSCIT 11
CsC3 csel
CsCa cscs
Csc CSC2
GSCs CSC4
e CSCs
&cs
caz cc2
CC4
cece CCé
CCs Cs
. A ; ce3 L o3
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Fig.4 Cluster diagram of 29 individuals
in four groups by NJ method

3 it

26 G HITEW N K B RIEC F, IR
%o BRZH AL 4 N EBEPRAPRETNB 0 2 B0 EH S
WK 11.48% .9.95% .17.45% .45.73% , Shannon
ZREMEFEECH 0.062 9.0.052 9.0.101 8.0.213 2,
PO AN BER N Nei R B{EREE 50,027 8.0.019 3,
0.045 3.0.127 0,3% 3 FP BRI R B oy 4
B —3ny, B RE s BE R ZAEME > X REBERE(R >
MEABTIZELSFR>KZAT I RIEL F-
P XTI K & 4 DR BERIBEETT RAPD
DEHEEETTRN 13% . APRLEREY
WM ETRELF 258 0FE 05 H
11.48% 9.95% , l @ KA RSN LS 0
KK, WEFESMN AR A T BB AN B E L
FEVERF ST 2680, W10 00 N N BB (R N7 B35 15 4R
U 70.971 5, 1 P4 19 490.966 510, A B
NEWNLTEEMAMBELRRR . RNEX R

0.6 0.5 0.4 0.3 0.2 0.1 0.0
AL genetic distance

5 4/MBEE 20 AMRAY UPGMA K [E
Fig.5 Cluster diagram of 29 individuals
in four groups by UPGMA method
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