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Abstract; In recent years, the large-scale stock enhancement of silver carp, Hypophthalmichthys molitrix had been implemented in
the lower reaches of the Yangtze River. It was urgent to study how much resource contribution the stock enhancement of silver carp
produced. This study assessed resource contribution rate of stock enhancement of silver carp in Jiangsu section of the Yangtze River
from the year 2016-2017, using microsatellite parentage testing technique. Before releasing fries, brood stocks of eight hatcheries,
used for breeding, were marked with eleven pairs of ever developed microsatellite primers. These eight hatcheries also were the ma-
jor institutions that supplied silver carp fries to the releasing work of governments around Jiangsu Province. The results showed that
191 types of alleles were detected between 621 brood stocks hatcheries and 475 captured silver carp in the Yangtze River. The num-
ber of different alleles (N, ), the observed heterozygosity (Ho) and the expected heterozygosity ( He) were 9-36, 0.536-0.793,
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0.597-0.941, respectively, and their corresponding mean values were 17.36, 0.656 and 0.794. All of eleven microsatellite loci
were high polymorphism, and the polymorphic information content (PIC) per locus ranged from 0.560 to 0.938 with the mean val-
ue of 0.771, which proved 11 pairs of microsatellite primers as an effective tool for parentage identification. Result of parentage tes-
ting showed that the non-exclusion probability ( NEP) was from 2.4% to 42.4% at the case of parent’s unknown gender, and the
combined non-exclusion probability (CEP) was over 99.99% . Thirty-nine individuals from 475 silver carps of the Yangtze River
were identified as the hatchery-reared offspring, i.e., the recapture rate 8.21% . Through comprehensive analysis, it was concluded
that stock enhancement had produced a good supplement effect on silver carp resource from 2016 to 2017.

Keywords : Silver carp( Hypophthalmichthys molitrix ) ; stock enhancement; microsatellite markers; parentage testing; resource

contribution rate; Jangsu section of the Yangtze River
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2016— 2018 4F , HRAEBEGE S4E I 1096 FE. Hirfr,2016 4F 3 A % 2017 4F 12 A, REITHA 8 MR F
Yl R A g 4 621 B, W3R 1. 2016— 2017 4F, 8 /5L [ Fefrd7 07 £ 1) fie 40 i i 8 4 5 O B UL R iR 9 ML
B (R VL M N 8 SV VER SR G LU A YR AR ) BORAE SRR 2. O 3 AN A S,
TE 1 AR I [E] B YL R U0 4 ANVLB (BRVL S VL SR SEHE o 3, IR g HC At 4 0 s , Tk 4 JHL At A8 3 15 4
IS ) B SLA T 475 b AR SOanBORE BT B0 101 B2 88 , JoK S BE (VLI A W RH A BR AR ) IR A2,
SRR S L 1
1.2 DNA 2Bl 5 PCR &

K RSN M A 2B R 2 DNA $2EBGRF & (bt RARA W H ARG BRA ] ) SR EUE 45 4 21 FE R 20 DNA.
PREAYELIA 2 DNA 4% B R b U H By i, 3R BUR NS , 8 T - 20°C T IRA7-

11 DB TR 5 | e B2 R AR 4520 | i b g 5l 2 R AT PR W15 1, 3% 3.

10 pL PCR JZ W& % :5 pL Premix Taq ( Takara Taq Version 2.0 plus dye) ( Takara, 5244 T. 5245 R A
F]),0.2 pL L THF5 I FB, 1 pL DNA #ikéik ,3.8 pL 258+K.

PCR W LI E :94°C FiAE M 120 s;94°C A5 M 20 s, -59°C 1B & 20 s372°C #Eff 20 s372°C #Eifi 600 s



1156

4°CORAT, OGRS 30 K.

J. Lake Sei. (#a#F%),2020,32(4)

R 1S AN ERFG 4 M RITTLBEER PR

Tab.1 The sampling number of silver carp in 8 hatcheries and 4 sections of the Yangtze River
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Tab.2 The releasing number of silver carp in 9 main releasing sites in Jiangsu section of the Yangize River

. N AR/ .
S 2s b S E/ E
TR Hb A it 1] (&/ R om/J2) BeE/ (ATR)
[N 2016~ 11 100 o/ 2 0.557
FHYL 2016-11—2017-11 5~150 ¢/ & 2.4728
M 2017-03—2017-11 4~24 e/ BB 4.8
B 2017-11 104 o/ B2 0.4447
Z2 2016-11 100 ¢/ & 0.5584
SEY T 2016-11—2017-06 5~18 em/ 2 1.85
T 2016-12 134.54~151.85 o/ & 0.3015
FRYTHETT 2016-12—2017-12 114.6 ¢/ & 0.2332
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Fig.1 Hatcheries and the sampling sites in Yangtze River (a) and the main releasing sites (b)

K FH 2R 79 T JH 58 112 #, Tk 725 ( Polyacrylamide Gel Electrophoresis, PAGE) K:illl PCR =4y, BER e E J 8% ,
H 2.5 wL PCR 4, 5%FH 2.5 pL DNA Step Ladder,25~300 bp( Takara, 5244 T A R/ &) /550,
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B AAME R 250 V, 150 mA, HiPk 2.5 h AR YYJS B T GBOX F3 BUEEE G/ R4 (R B R AR L
W RS RIAY PCR 720, 15 3 FORRIDE LR RIG I I 48 )25 W 4 pL iRG , 126 Bl AR YR IR H
AT AT 40 HL Pk RG ( High Performance Capillary Electrophoresis, HPCE) .
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Tab.3 Parameters of eleven pairs of fluorescent microsatellite markers of silver carp

L M=)
Bl SRS -3) A R o ot
HLJBL165 F: ttagaggaaacactggatgacc (TGC) 4 151~163 61 F.FAM
R :tgctgttictacagagttttgg 60
HLJBL168 F: ggcggaaatgttgactgact (CTG) ¢ 179~189 60 F.HEX
R : atttatgggecgtgtetcaa 60
HLJBL169 F: cgacgatcagaggagagtce (TCA) 159~177 60 F:TAMRA
R : ggcecagaageattetettt 61
HLJBL170 F : tggettcagectitaaatgaa (CTG), 146 ~160 60 F: HEX
R: gaggagggccacctaaagac 60
HLJBL174 F . gtcgacgatectgagtecat (GATA) 4, 208 ~253 60 F.FAM
R : ggaatgagatgtgggectaa 60
HLJBL176 F: atccgaccettaacgetaca (ATCT) 4N(ATCC), 138~ 184 60 F:HEX
R: tegttectttecttetgtee 59
HLJBL184 F: atccgacccttaacgetaca (CTAT) sN(TCTG) s 213~235 60 F.FAM
R :tegttectttecttetgtee 60
HLJBL203 F ; geaatcgelegatacagaca (GCA) 131~146 60 F.HEX
R: gtgctetetgtgaggetgaa 59
HLJBL216 F: tatgcaggtcagtggaacga (TCTA), 189 ~244 60 F.FAM
R : aacgacgacagaacgacaga 59
HLJBL217 F: gggggtacattceacttcaa (GATA) 176 ~249 60 F:HEX
R :acgatctggecaacgatatg 60
HLJBL220 F: tcaatceggecatctatcag (TCTA);N(TCCA)¢ 196 ~222 61 F.TAMRA
R : ttgetgecattccataaaga 59
1.3 RS

i FH B2 56 R HTHRAE Cervus 3.0.77 Xt 621 R EAREVR AN 475 J2 8k [l 46 BEAR UEAT 36 756 R 40T
B, BB 2T Yates #1E () Hardy-Weinberg SEA 60, 24 df = 1 5% Bonferroni A IERT, i1 A M T2
JEA B 22 A5 MES B (SR S AR I 2 & B R BB A A BE S ) | IRIESHAG 145 2 97 9 3 2 A HE B 22 ( non-
exclusion probability, NEP). Fyk , 4TI 3F 4341 : 100000 A5 JE W, 475 4518, 621 AR APERIY AL
BEAS, 100% FGZESEASTAE AN 19 B BRINIS USRI LOD {8 (R BL 9k FL i) B AR B0 3 B (5
B 95% [T H6 EAR N 80% [ FEAn B R /K. o, 4 35 7% 8 0 I R R 36 AR 77 A (R T T O o 118
B, I I 2 (RIHOR F A8 S SRS R 1 L) -

2 HBEREHM

21 I EFENMNESSESH

Cervus 3.0.7 {7, 11 /Ml 102 P A7 JEAG I HH 191 Ff &840 35 [, 4534 JRE A5 19 2 o7 3% R b 8 BT I h 9 ~
36, E-Y{H A 17.36, Mt i e 47 2 HLIBL203 , R %t £ 1Y JRE v J& HLIBL217. BN A7 (R LI 2%
BTG 0.536~0.793, SE-HI{E 7 0.656 3 454~ 16 {57 (1 A 2= 4 S B 20 0.597 ~ 0.941, SF-H{E K 0.794. 11 A4
RIS FIUH = A 2 A, B L 2 AR B A R 0.560 ~ 0.938, -3 {H 24 0.771. Hardy-
Weinberg PRl 7 , BTAA A9 11 AN JEEA F 80 H A (R R 132 b ff B8 Hardy-Weinberg S, 45 5 4N JEE {7 R0 1
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Tab.4 Polymorphism parameters of microsatellite loci

J. Lake Sei. (#a#F%),2020,32(4)

. GRIENE OWNEAE WA SAFEEAR Hardy-Weinberg T
Ny Ho He PIC HWE-Test
HLJBL165 10 0.609 0.712 0.676 ns
HLJBL168 10 0.665 0.710 0.657 ns
HLJBL169 11 0.621 0.597 0.560 wk
HLJBL170 10 0.536 0.700 0.661 ®ik
HLJBL174 20 0.793 0.901 0.894 e
HLJBL176 16 0.781 0.873 0.860 EE
HLJBL184 19 0.577 0.741 0.725 ns
HLJBL203 9 0.771 0.743 0.700 *
HLJBL216 26 0.594 0.912 0.905 e
HLJBL217 36 0.676 0.941 0.938 ook
HLJBL220 24 0.591 0.907 0.900 stk
SEIE 17.36 0.656 0.794 0.771

“ns” FIRAKAME Hardy-Weinberg -4 (P>0.05) 3 = 7
BZ B Hardy-Weinberg 47 ( P<0.01) | s " 2651 52 25 Hardy-Weinberg -4 ( P<0.001) .

2.2 BEEEMIR TR KR

NI L F WS Hardy-Weinberg SEAT ( P<0.05) |« #x " FoR 45

Cervus 3.0.7 Z5 R, TEFEARMINR A BNES T , JEEHEBRZR (NEP) Ju Bl R 2.4% ~42.4% ; RFRIE LA
HEES % ( combined non-exclusion probability, CEP) TE5f 3 MR IF L F] 95% L) F (HD 95.5789% ) ; 7£ 5 10 A&

f7 AR E] 99.9999% LA I (R 99.9999994% ) , Il3& 5.

# 5 R YO AR RAUIERR A (NEP) AL 2 FRAE SRR 3 (CEP)
Tab.5 Non-exclusion probability (NEP) and combined non-exclusion probability ( CEP)

of silver carp parentage testing

FE R AR TR AFA I PRI R NEP CEP
HLJBL165 0.0697 0.304 -
HLJBL168 0.0268 0.363 0.895728000
HLJBL169 -0.0369 0.424 0.955788672
HLJBL170 0.0275 0.328 0.985498684
HLJBL174 0.0644 0.059 0.999144422
HLJBL176 0.0552 0.097 0.999917009
HLJBL184 0.1232 0.209 0.999982655
HLJBL203 -0.0232 0.300 0.999994796
HLJBL216 0.0211 0.051 0.999999735
HLJBL217 0.0638 0.024 0.999999994
HLJBL220 0.0059 0.054 0.999999999

1E 95% EAF B (LOD>0 ZF T, B TR i A7 RARAE R AHERR 2, 621 2 J5t R Al 37 R A BEIR FI 475
FEA B BEREOR b, 39 FRBEA M DA R I R 37 SR A BEOR 7 A ) AR Horb BETTIT B 16 ), ST B 8
e, W BTEL 6 B SRZHE VLB 9 F8 5 X L AR AREMA, 2 M 7 VTR IL R A5 Fh g 7 2, 48 2% i h i [
Sl AR S R ZMK T Bl 4 B, YK R Y 0 B, A RMY 1R, RRRFNE 8 BRIl
KA 4 B, md i in g k™ RAg 9 B, S5 TAE S8R IR 6. PR, IRt R Al i 74X 5 Sl 5540

R 8.21%.
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Tab.6 Results of parentage testing between the Yangtze River population and hatchery population

Ji R R AL e 4l i 1D foHE A 1D D T e i VEFE LOD {8 D 5 5 15 B2
csjy18-2017 wlqb14-2017 10 6.184 95%
csjy33-2017 hjqb53-2016 11 10.194 95%
csjy34-2017 wlgh34-2017 10 6.131 95%
csjy35-2018 wlqb86-2017 11 11.307 95%
csjy51-2018 rgqb46-2017 11 6.575 95%
csjy6-2017 txqh7-2017 11 5.692 95%
1jy10-2017 ksqb10-2017 11 6.476 95%
1jiy132-2018 wlgb56-2017 10 6.095 95%
Jjiy16-2017 ksqb13-2017 11 5.904 95%
Jjy17-2017 rgqb62-2017 11 6.716 95%
1jy24-2017 txqb14-2017 11 6.602 95%
1jiy39-2018 hjgh25-2016 10 7.295 95%
Jjiy42-2018 hjqb53-2016 10 6.270 95%

Jjiy6-2017 ksqb13-2017 11 7.259 95%
zjgjy12-2017 rgqb15-2017 10 5.448 95%
zjgjy30-2017 qxqh62-2017 11 5.403 95%
zjgjy31-2017 rgqb58-2017 11 5.662 95%
zjgjy4-2017 qxqb145-2017 11 6.041 95%
zjgjy43-2018 hjgh16-2016 11 7.688 95%
zjgjy5-2017 txqb16-2017 11 7.991 95%
zjgjy79-2018 hjqb70-2016 11 6.668 95%
zjgjy83-2018 jrqb13-2017 11 6.820 95%
zjgjy84-2018 rgqbh58-2017 11 5.662 95%
zjjy126-2018 rgqb50-2017 10 7.581 95%
zjjy136-2018 jrqb13-2017 11 5.343 95%
zjjy169-2018 wlgb56-2017 11 6.664 95%
zjjy174-2018 rgqbh55-2017 11 8.968 95%
2jjy202-2018 rgqb62-2017 11 6.233 95%
zjjy203-2018 wlgh86-2017 10 6.846 95%
zjjy206-2018 hjgh72-2016 11 6.410 95%
zjjy209-2018 ksqbh28-2017 11 9.569 95%
7jjy23-2017 wlqb60-2017 11 5.749 95%
zjjy27-2017 qxqh24-2017 11 5.090 95%
zjjy43-2017 hjgh10-2016 10 7.988 95%
zjjy54-2017 qxqb134-2017 10 7.156 95%
zjjy80-2018 wlgh18-2017 11 6.708 95%
zjjy81-2018 qxqb15-2017 11 6.095 95%
zjjy90-2018 txqb4-2017 11 6.711 95%
zjjy95-2018 rgqb36-2017 11 7.650 95%

3 it

3.1 WA RMRFM
VAR STAR 384 G JBCE B VR SRS A AIF ST, 38 SR A BRI AL 2 55 D TR AR C O A AR ZE AR D SO BN,
R LB 3 4 TP AR IO 1 INAAE N TARCHER VR AR BB | (I 2 Hh BAE T B il 2 5 Mt v A B A7
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s ¥ 5 5 ) R, B MR . ARBIFSESR A SSRFRIC I I 2y 8.21% , it i T F 4240 % 1 R L 58 07 ik
FRic LAk 3 (1) 28 0 2 (3 4R [ 240501 o0 0.0465% ,0.,0.0114% ). A, R A SSR FRic 4% AR bR i B4 ¥
A, SEIR AR I RAE SEAS B BT A O R, T R T AR e B BR ), k AR O A, JE A B R
HRFET , AN 32 L5 16 S0 S0, A R T AT K30 A 30 265 0 0 A £ e A 7 R R e

AR FHARBUE/MG 10 pL PCR RINRZR A AESR & PCR RN K, k2 2 H PCR R A2,
P75 PCR SERRCEE T FUA R I8/ SE 50 A4 R A T A, B IRSE 30 AR . I, SR FH 10wl PCR R R R BAT
AT 38 A KR A TR 125 T

FIFHAES 9 5" 5 DHETEO IR S [ E4T PCR 788, 45 & F s BANAT s Ik A I, nl DUA 5% X 4 F 04
FIONSY | 42 85 KL DR 0 YA RV . ARSI 4 R [R B 2 S e AT 11 36 TR AT , 1 83 (7 402
A2 ASE, B PIC>0.5, @ A0 TR 3 B 15 B, BN 6 T4 A SO (54510, A
WEFEAESS 3 AR I BRUHERR3RAE 95% L1 (B 95.5789% ) , BRUHERR A B 28 L 5 7% fe ik bofie ™ | [F)
B, AR RIS S o T A DG B 38 67 27 10 A7 AL I, i TR bR e RO S I RB o e, HR B 1~ 2 AR A O 32
MAASH IE AR R TR S AT 5. 625 T3 b, SBUHERR R (CEP) M, 36 1% 58 0 R ik
AR R 11 X TR A BBUAE SERGHERR R AE 99.99% LA L, M vERRES o T AN S
SESR (14 DMCT BN ,99.91% ), 5 1R A2 (11 X i TR RS, WO IR AG £ ( Myxocyprinus asiaticuss) 3
A%,99.9983% ) . XIVELAE 2 (10 A48 TR JFE A, B = YE W T8 ( Portunus trituberculatus ) F1%,99.99% L)
1) 2R BT S5 SRR .

S VTAS KR A S SRR AR , FRATTE S T “ARie B A — i 5 B — R T4 MR ST %, U
AR UR TR R, 55— WO IR R A7 55 AR B 2R b (T M) | A48 T b 45 3 SO T T P A 24 48 0
TR EAR | BRI S £ SR AR FUE 5 it B TG, 9 FH 7R R 22 A5 A0 A T 2 JRE {37, T8 S B 5 A R [N
B WARIC R EAR G, P RERT B M BRI 5 =,3 MHZJE, FERR Kl B s (F i
BEH e T AN SEA AT , R AR A DNA BESL. 5510, 3 1 DNA $2HR PCR 2 3 R 40 BRI E T %58, i
SEARMFREOE T PRDTAR R, LA, R ARIC AR O S B o TR 0 B G VA O ik R R
T8 FH T HCAth £ 20 SR 3 SR TR TR R A T
3.2 FR KRR M E &

FEA T, S > P (Uil i £ 2 ) AT BB 0 DTk R A PA . A AT IR, A R DA VT %) B i i
L | B S W W O R R R 1 L ) 1 ) 1 B S W T TR D= =X o O A o s N3 4 e O/ B
TR R S 21 B I VT R R R B A R B K B R B RO £ U B R A, 7 3~ 5 AR N
Bk B ™ B KR A D R R 70 A ) S Al 0 WAL TR A BRI , TR YA SR AR R, AR
WS AEAIT il A 5 K B B 4 ASSRAE S CRAES ) |, 7T B8-S BB B RE 0 S 550 o LI
/b, A1, E TSR ARE B ] (R BR A , SR R A S ATh R A 0 43 S A AR 8 A5 (5 B R R SR AR, AR SR e 1 1 S U
RICTE S ke, BT L AR VYT 5 B S BRI 1 S5 R U TR S T R 3 8.21%.

TR A AR 2 S5 0t ol il 55 A1 P A8 5 ) £ SIS RO BT VR SRR, W1k 479 (2010 4E) A
1144 J2 (2011 4 ) SEAE S A0 B K IT W A B, 28/N35 7 I SSR FRiCHEAT 356 7 %42 , B 8 WAL 8 35 A 0o
2010 AR T FEIR TR 1.33% 5%t 2011 AR 1 IR STk K 6.78% . ASHIF ST I £ T o ¢ s B2 1) BTk 3R
TRE 8.21% , HU AU B SR AN L, T RESZ B IAR 25 5 Ul AT 19 3B R LA B B v M0 e LT 5 S
W (B 3~7 700 ) AR R, (8 A5 RO A B A AR R R B A £ el £ . S A R A
Wl AEy BRI A TR, W) 0 mp A 1ot vk AR ) AT f 28 (BB RUAS < Lt , 5 kg LA (65 em LI 5 75 (My-
lopharyngodon piceus) ,13~15 kg LA 1= .90 em P ") JUT- B W VA K VL. 2% BB 31 A8 By i A 455 508 18 1A
BT R A A 32 AR T REARAE AL ) 2% 0 — YR 7™ OB B A 7™ B A 1 00, 7 B 1 S R Ak 45
RRATK IR AL SR RN T 258, (AR AL 1) S AR A AN R 1 BUSUIS T IR R A I N T B AR, B TR O AOR A 85
N LT TR 8 461 S TR ) AR A sl I B s (S5 TR T AR AR ) | B T AR R VLT & VLB v
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