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WE R HIAE 0.1~0.2 mm, B BEHE L8 T 42401
SR E NRREIR b, BRIRIR G A 40 r/min, 28
ST R 2 3 18 W8S K TR KT (254 nm), 474
Figt 4% K 50 min,

G FARE M MERZ R B iR N YZ BRIk

Ve LF ) 4 FREE B A0 i S E R, s BIRL
NG, $E7 N THO0 R TRk, K
YU FHF AT B S, ST 20 A 38 4% e 1% 14 i
ARG TR R, T RS B R e h P 5T 4y
B2, HUKG TR E, ZK)5 2 min, 1K
50 4 CAL PR 10 min, WAL FAT, 7 B A0 SR
¥k B HEAR(CH),
1.2 E[F4H DNA 2

M YZ. YS. CH R REMEER AL 30
BB, 1ERBT U 8 N RAE T IK G BE, SRR
1y i DB 5 rh B B DNA, A3 6% B8 346 L
e ST Al 20 CI-FE&
1.3 M DE PCRyEKRHE

AHIFFE B R A T 2 AR ok | T R st AL %
BEREN R BT K& rksic! . & T EARC S
Yreh LA TAEMHEARRS AR A, L9
513 FAM 8% HEX 28 6FRIC(EE 1),

PCR " {A & 4 25 uL, f14% 10x PCR Buffer
2.5 pL. MgCl, (25 mmol/L) 1.5 pL. dNTPs
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Tab.1 Characteristics of microsatellite primers
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0.5 uL. FiE & TilE51%(10 mmol/L)# 0.5 pL.
LK 2H DNA(20 ng/pL)1 puL, #MFEJCH/K 16.5 pL.

PCR ¥ 4L F N 94°C FiAEtE 3 min; 94°C
130 s, 55~58°C(F )R 130 s, 72°CLEAH 1 min,
1 35 ANMER; )5 72°CLEMH 10 min, 4°CPHR
o P44 e Wi #E Eppendorf B PCR Y I 5E A,
SR =% g AR R AT BR S mRR I, A
A ABI3730XL 4 H 3 DNA M FEAC5Ar, JfiEad
Genemapper 3.5 FAFREHLY 1S 7 Wi 43 = B0,
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Fig. 1 Chromatomap for genotypes of CID0017 and
CID0044 in Ctenopharyngodon idellus
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SIHIXF 60 NAMAE(YZ F1 YS BEA)HEFT PCR 374,
12 T B A5 2 S PRI A 45 SR n 5% 2
N, CEYEEA IR, P A SR SRR P
ISR A | FHEZBE RS 2500 16.08,
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Tab.2 Polymorphism detection for SSR primers

B A S AR A Lk EZH
loc'l'l"s B R KL RO Baa
N, N, H. PIC
CID0001 15 3.03 0.676 0.653
CID0002 24 13.48 0.934 0.921
CID0004 18 9.10 0.898 0.881
CID0012 13 5.32 0.819 0.797
CID0017 16 7.91 0.881 0.861
CID0036 14 9.05 0.898 0.879
CID0044 13 6.53 0.854 0.834
CID0058 16 9.03 0.898 0.880
CID0909 15 10.34 0.912 0.895
CID1525 15 7.71 0.879 0.858
CID1528 14 4.08 0.761 0.724
CID1529 20 14.73 0.942 0.928

22 3T EEHFHEESHFEST

FIAX 12 %6 5 DA X 3 A B AR
WAL ZRE RN, SERTI 194 AN S 5L AL,
Horp B 8 LBk 75.8 1, YZ. YS. CH Bf
AR 19349 45 (R BN, IRIKCH 130, 12,6 4.7
SR A7 5 RN IR 7.7.6.6.2.3; F
P A A B (H, KK 0.87, 0.82, 0.56; -1
ZAME R G E(PIC )R A 0.84, 0.79, 0.49 (£ 3).
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Tab. 3 Genetic diversity parameters of three
Ctenopharyngodon idellus stocks

. R K
it 5K WA R i
genetic parameter YS YZ A
CH
S B BN, ) 12.6 13.0 4.7
-3 S A R (N ) 6.6 7.7 2.3
I IE A A (H, ) 0.82 0.87 0.56
-1 2 545 B A B (PIC) 0.79 0.84 0.49
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Tab.4 AMOVA analysisamong three
Ctenopharyngodon idellus stocks
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B 5ok 3 AN K N (74.55%), BEAA A AR 55

8.70%, BEIRMNAMANRE] Y 16.74%, XHEMER & FH

A F A e TR JrREGY il
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Fig.2 UPGMA molecular trees based on genetic distance for 60 individuals from YZ and YS groups of Ctenopharyngodon idellus
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Tab.5 Genotypesof loci CID0017 and CID0058 in mater nal
and gynogenetic Ctenopharyngodon idellus individuals

FLF R/ genotype
CID0017 CID0058

AMAEGRS number

SN YZ-2 338/348(AB) 154/178(ab)
female parent  YZ-3 332/342(CD) 154/176(ac)
YZ-7 332/342(CD) 178/180(bd)
YZ-12 332/354(CE) 172/178(eb)
WEA% % & Tt CH-1, CH-7 cc dd
gynogenetic  CH-2, CH-6. CH-9.
individual CH-13. CH-22 CC bd
CH-3. CH-11 DD dd
CH-4, CH-15,
CH-17, CH-24 b bd
CH-5.CH-8,CH-12.,
CH-14, CH-18, DD bd
CH-21
CH-10 cc bb
CH-16, CH-23 CcD bb
CH-19, CH-20 CcD dd
CH-25 CD ac
CH-26 DD ac
CH-27 BB ab
CH-28 CE eb
CH-29 EE bb
CH-30 CE bb
g 2
o & B E 3.
'{«) » 0, O &
O

8 0«2«\\
Ctr.29 cu?
CH.2g e
CH-30 CH-18
Y72 Yz
o .,

Poud C
) @)
F 8o e X
Q 0 = T 1 >
L b B
O

Fig. 3 JETMARE SR ML AT
Al S BEAC Y NI AL
Fig. 3 NJ molecular trees for maternal and gynogenetic indi-
viduals of Ctenopharyngodon idellus
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Fig. 4 Homozygosity of the individuals in three Cteno-
pharyngodon idellus stocks
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H, . PICH 0.85. 0.82, 5=V /KAKITKZE.
BRVIK R . BIIKR)EMBHAR H, (0.71),
PIC (0.77)%F Lt s P23, e i o [ % A Y
WAL PR AR S, MRS M kR
TR H, (0.56), PIC (0.49)%F IF & &5 fa i iA
UL CH BRI 1355 ZFEPEAR T 1E 3 B AR,
Hisfeai G B3 w254 5, FaTdRIE CH #f

WIEfEfE— B E WA T, RiEks e
ity

AMOVA Mg R8s, MR E 74.55%
Sk BAMEN, BEARRIAES H 5T 8.70%, B
et BBk A AR Z IR, BEARZ )51 22 5
No YS BERFN YZ BEIRIY 60 A1 (8] 35 14 2
A T B T AR R A5 HE AR 1 IR A A A S 2R
E—il, P AR RS SORAE— i, X
ULEH Y'S BEMRT YZ BEIAA 45 H st G 454, R A
PN BER U — 2 R (% 28 i, X nl g5 b
X Z [0 5 Fh 56
32 MREEBREESZXRLS

F2 BRI 5 e A A 8t A% PR 2t R AP 1 5
M) 2 12 25 75 O 0 R sk S 2 2 B ) T
DT, [RIA, o 0 A O B F A T ARA
R KRR RIS AEBREEA T EE
o B, FF &8 B A4 FAric JF R AR I
TE GBI R O 2 W B R TAE ) AR A
FEmb N ZS o AT IR, AR 4 G T A7 o5 3 PR A
225, Tt A A 2 AT RN S AU A8
SE T MER R B B TSR R R LR ACE 25
RIS . maER AR i, R RN
/5 CID0017 #il CID0058 *f 30 i & & 118 M
HOEARMERCE RATIE R, H5ET NI SR
BRI THFE LR CH-1~CH-24 K EEA
YZ-7 74, CH-25 . CH-26 JyElA YZ-3 71K,
CH-27 AHA YZ-2 B F4R, CH-28~CH-30 AH:A
YZ-12 WA ZWHRCA R R MR R B R K R
T ] — b TR 77 U W] RE T BRI 22 57 % R A
S DL JE SR R GT 2SR T A
33 R4 EEEER

NTiF MR LT N TR 4l A i B
A, A — MR & B A S T 8~10 AR
L FMAZHCPY, 760 SSR A MIMER% & & TR,
2% KM KB IRAVEIE A a4 > 2
DAL I %ot DR 500 S A% % B AR IR i A5 P A A
WEHE, CH BRFARTERTRIN 12 LD EFRCAL
S A A B 0.717, R H R e )
F 28 AN TR AR IO S A MR R B R R4S



1242 Hh I K 7 R 9525 &
R0.512 Wi, 3] BB PRI A9 A s AN ) A5 K, 21-23]
DEESTYZ ﬁiﬁ:(o_l&g)ﬂ] YS ﬁiﬁ:(o'lsﬁo NI [6] Zhao R R, Xiao Y M, Peng L Y, et al. Homozygosity

5, CH #HAYS YZ #HAM LLER, 755 CID0909
MiAERE T 94.12%, HMm Sais iR T
1.48~28 f%; CH #{k5 YS ﬁﬁi*ﬁtbfa A5,
CID0001 51 &5 CID1528 43 %42 58.73%.
90.00%, HABA LR T 3.15~26.67 { SRS
FAAPHR(YZ BER . YS BEA)M L, CID0044 .
CID1525,CID1529 %54 /578 CH AR SE A 3 5 HH
i K FHABA 5. (4 CID0909, CID0909, CID1528);
— 5 T A fE 5 R AN Y YZ BEIR . Y'S BEIAE AL
R R . AR BERARA G, I — 5 AT hE
N 251 22 25 M R A A B A7 1 5 A 2 R 11 A 3 (i
DR o7 i, 15 25 2R ) B MR, MRS Sy kAR R
AP K. CH BHAN S RARBA 52444, H
ﬁ%ﬁﬁ@ﬁ%%éﬁaﬁﬁk&%,ﬁ%ﬂu
M CH BEf ke R A R AR S T kL 2
ZRMNZ R E S, dhsink HintER i 4 &
&, AT 3 57 5 4 1 7 R AL L

Bigt: B B R A AR R R B LA R P
S E L ERELE S mA TR,

SE Wk

[1] China Fisheries Law Enforcement. 2017 China Fisheries
Statistical Yearbook[M]. Beijing: China Agriculture Press,
2017: 25. [AebEBual )R, 2017 L G HH4E % M.
Jeat: HEg R, 2017: 25.]

[2] Shen Y B, Zhang J B, Li J L. Advances in studies on genetic
resources of grass carp[J]. Chinese Agricultural Science
Bulletin, 2011, 27(7): 369-373. [JLEH, skiM, 25K,
A PP TR ST R [D). P E AR 2R AR, 2011, 27(7):
369-373.]

[31 Suwa M, Arai K, Suzuki R. Suppression of the first cleavage
and cytogeneitc studies on the gynogenetic loach[J]. Fisher-
ies Science, 1994, 60(6): 673-681.

[4] Komen H, Thorgaard G H. Androgenesis, gynogenesis and
the production of clones in fishes: A review[J]. Aquaculture,
2007, 269: 150-173.

[5] Liu A Z, Hu G D. Comparison of several isoenzymes be-
tween gynogenetic grass carp and its parents[J]. Freshwater
Fisheries, 1989(3): 21-23. [XZ2k, PR, MER A A 5
5 HEA LA R T8 A LLF 0] WK, 1989(3):

(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

analysis of two artificially gynogenetic group in grass
carp[J]. Journal of Nartural Science of Hunan Normal Uni-
versity, 2008, 31(2): 110-114. [Xanks, ¥ WMy, #a
8. I N T MR A B B RGBS 25 AT 1], {)ﬂfﬁ
IR HARBH4H, 2008, 31(2): 110-114.]
Chen J H, Huang M M, Zheng K, et al. RAPD analysis on
genomic DNA of two artificial gynogenetic groups of grass
carp, Ctenopharyngodon idellus[J]. Acta Hydrobiologica
Sinica, 2004, 28(5): 471-477. [[54: 0%, HAAME, FRHE, 2.
PIASANTF BN TR 7 e AR N 2 DNA (1) RAPD
SHTI). IKAAW2FAR, 2004, 28(5): 471-477.]
Quan Y C, Han L Q, Bai J J, et al. Genetic structure analyses
and microsatellite identification of gynogenetic grass carp
(Ctenopharyngodon idella)[J]. Journal of Fisheries of China,
2014, 38(11): 1801-1807. [4-iF, #hbksl, HARA, .
ﬂi’&ﬁ?y: L8 (1038 2 S5 AT R T 6 00 D T e ST
1. JKFE2EAR, 2014, 38(11): 1801-1807.]
Wang C L, Zheng G D, Chen J, et al. Microsatellite genetic
analysis of ENU mutagenesis grass carp and gynogenesis
offspring group[J]. Acta Hydrobiologica Sinica, 2016, 40(6):
1135-1143. [Faide, AEM, BRA, % mafeah
AR TRV o Bl T B 3t A 23 B AR SR B[], KA
2F4R, 2016, 40(6): 1135-1143.]
XiaJH, Liu F, Zhu Z Y, et al. A consensus linkage map of
the grass carp (Ctenopharyngodon idella) based on microsa-
tellites and SNPs[J]. BMC Genomics, 2010, 11: 135.
Li D, Shen Y, Fu J, et al. Isolation and characterization of 25
novel polymorphic microsatellite markers from grass carp
(Ctenopharyngodon idella)[J]. Conservation Genetics Re-
sources, 2013, 52(2): 143-148.
Nei M. Estimation of average heterozygosity and genetic
distance from a small number of individuals[J]. Genetics,
1978, 89(3): 583-590.
Botstein D, White R L, Skolnick M, et al. Construction of a
genetic linkage map in man using restriction fragment length
polymorphisms[J]. American Journal of Human Genetics,
1980, 32(3): 314.
Excoffier L, Laval G, Schneider S. Arlequin ver. 3.0: An
integrated software package for population genetics data
analysis[J]. Evolutionary Bioinformatics Online, 2005, 1:
47-50.
Liu Z, Cordes J. DNA marker technologies and their applica-
tions in aquaculture genetics[J]. Aquaculture, 2004, 238(1):
1-37.
Zhao Y W, Song W T, Liao X L, et al. Construction of a



%5 6 3]

RN MRS e TR 7 A0 i T A ) Bl T A% AT

1243

[17]

(18]

(19]

(20]

(21]

microsatellite-based genetic linkage map for Cynoglossus
semilaevis [J]. Journal of Fishery Sciences of China, 2011,
19(6): 939-945. [BAKfH, RICH, BI/IMK, &5 i
LR brics L S RS A ). T EDKFREE, 2011,
19(6): 939-945.]

Niu Y Z, Liao X L, Song W T, et al. Genetic mapping and
QTLs analysis of growth traits in olive flounder (Paralich-
thys olivaceus)[J]. Journal of Fisheries of China, 2012,
36(11): 1640-1649. [4-4xiEF, BV, RS0, 5. AT
TR By A Ktk QTL SERE[J]. K224k, 2012, 36(11):
1640-1649.]

Hu XS, Ge YL, Li CT, et al. Highly effective identification
of genetic relationship of Songpu Mirror Carp (Cyprinus
carpio Songpu) using microsatellite markers[J]. Chinese
Journal of Fisheries, 2016, 29(5): 37-42. [WS5Hy, BER,
MR, A R FICT AR IO R R P B BN SR 2% 06
R[I]. Ky=apdeiki, 2016, 29(5): 37-42.]

Zeng Q K, Sun C F, Dong J J, et al. Establishment and utili-
zation of paternity identification in mandarin fish (Sniperca
chuatsi) using microsatellites[J]. Journal of Agricultural Bio-
technology, 2017, 25(6): 976-984. [¥ PSHl, FMVI K, HIR

B, S MR R AR R E BOR BT S R ).

LA AR AR, 2017, 25(6): 976-984.]

Yang H, Li D Y, Cao X, et al. Genetic potential analysis of
six Tilapia populations by microsatellite DNA markers[J].
Hereditas, 2011, 33(7): 768-775. [#%5h, Z5KTF, Wk, 4.
B EARC BT B AR BRI 5V 1 (7). 5%, 2011,
33(7): 768-775]

Zhu B, Fan J J, Bai J J, et al. Gold grass carp microsatellite

polymorphism and its comparative analysis with four grass

[22]

[23]

[24]

[25]

[26]

carp populations from China[J]. South China Fisheries Sci-
ence, 2017, 13(2): 51-58. [AK, BELEME, AR, % &
A0 5 4 A AR T TR 28T ).’
KPR, 2017, 13(2): 51-58.]

FulJJ, LiJ L, Shen Y B, et al. Genetic variation analysis of
wild populations of grass carp (Ctenopharyngodon idella)
using microsatellite markers[J]. Hereditas, 2013, 35(2):
192-201. [fdd%E, 250K, RN, 45 s PpAE A
fEns St DR (7], #t4%, 2013, 35(2): 192-201.]
Zhou P, Zhang Y, Xu P, et al. Genetic analysis of grass carp
populations from three major watersheds based on 26 mi-
crosatellite markers[J]. Journal of Fishery Sciences of China,
2011, 18(5): 1011-1020. [JEI/y, KT, 405, 4. JLT 261
B EFRIC I =K R R A BHE Z R I]. HEK
FERl2E, 2011, 18(5): 1011-1020.]

Ye X J, Wang Z Y, Liu X D, et al. Analysis of genetic ho-
mozygosity and diversity of two successive generation
meio-gynogenetic population in Pesudosciaena crocea using
microsatellite markers[J]. Acta Hydrobiologica Sinica, 2010,
34(1): 144-151. [MH/NE, Ek5, XIBRE, & REdE
LEPICE R R B AL TR ARIC /T[], KAE Y
2, 2010, 34(1): 144-151.]

Qi W S, Tian Y S, Jiang J, et al. Establishment and identifi-
cation of mitotic gynogenesis Japanese flounder (Paralich-
thys olivaceus) pure family[J]. Journal of Agricultural Bio-
technology, 2014, 22(5): 541-551. [F3CLl, HKM, %,
8. FUTONRIMERL R B A RN R EE ] Aok =4
KRR, 2014, 22(5): 541-551.]

Streisinger G, Walker C, Dower N, et al. Production of ho-
mozygous diploid zebra fish[J]. Nature, 1981, 291: 293-296.



1244 [ K R 2 %2545

Microsatellite genetic analysis of gynogenetic grass carp group and
two common grass carp groups

ZHU Shuren, MENG Qinglei, AN Li, LI Ning, ZHANG Longgang, YANG Ling, XU Guojing, FU Peisheng

Shandong Provincial Key Laboratory of Freshwater Genetics and Breeding, Shandong Freshwater Fisheries Research
Institute, Jinan 250017, China

Abstract: We induced the gynogenetic offspring of the breeding grass carp (YZ) using UV-inactivated grass carp
sperm and cold shock method to inhibit extrusion of the second polar body. Twelve pairs of microsatellite primers
were used for amplification and genetic analysis of the YZ population and control population (YS). A total of 194
alleles were detected in the YZ and YS populations, of which 75.8 were effective alleles. The average number of
alleles in the YZ, YS and CH populations was 13.0, 12.6, and 4.7, respectively; the average number of effective
alleles was 7.7, 6.6, and 2.3, respectively; the average expected heterozygosities were 0.87, 0.82, and 0.56, re-
spectively; and the average polymorphism information content was 0.84, 0.79, and 0.49, respectively. Homozy-
gosity was analyzed for the microsatellite loci: the homozygosity of individuals in the YZ population was
0.00-0.33, the homozygosity of individuals in the YS population was 0.00—0.42, and the homozygosity of indi-
viduals in the CH population was 0.42—0.92. The results showed that the genetic diversity of the CH population
was significantly lower than that of the YZ population and the YS population, and the homozygosity of the CH
population at each locus was higher than that of the common grass carp groups. This suggests that artificially in-
duced meiotic gynogenesis can accelerate the homozygosity of most grass carp gene loci and is an effective means
of rapidly establishing a high purity strain. At the same time, this study screened and used microsatellite loci
combinations to establish a simple and efficient identification technique for the genetic relationship among dif-
ferent families and their female parent, laying a foundation for the marker-assisted breeding of gynogestidium.

Key words: microsatellite; grass carp; gynogenesis; genetic analysis
Corresponding author: MENG Qinglei. E-mail: gingleimeng@126.com



