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WE: JIPERELLEERMENHARRRR B AERERNE, AEZRAR LT LY
1 RS o, T FFLERBAMRIEL L MR & RN RIE T EHATHE,
B BT R 3R M SRR R BT AR AR Rt S ML, AR RERG . 4
RET, 33 REFEARET 105 B E ARG FHFMAEE K V) A 8.64, F 399l &
& B (H,) A 0708, FI9H 2 A6 7 (H) A 0.739, F3H % &6 K4 & (PIC) 4 0703, 11
MU EGMEHERG. FEXRAPM KA, 1LAEA R4k % H & (CEP) % 3|
99.999 980 %, fE[E Ay 105 B3 R&@MAT, 5 REH MEBHA N R e T K, x{E
BB R TR A 4.76%. HERMIRAHEMGINREHEARGH RGN, BH
BHENRESHEERD, RESHEAFRL; 2T F 2404 (AMOVA) X ¥, #f&
RFRERERETAHEN (95.92%), #EL2 R K For 4 0.05359, B 8 HEH T Nn) A
442, BTMREEEH b, XEARRRIER. KoM &xW, RFLHEBTNERH
B R SRR A AOR, B MO R R R

KRR %R, MANOT; ORI, 2 TRD; RS AK

hE 4SS Q953; S932.4

A RO TR AR K Sl B R B = Y T
T B AR R b T e B R A R R
R 38 1] A AR B OK A A= P i bk 31 £ 26
TUREEFE R B Ak, SO S B B E K
WUAEDS L RAPOKAE Y 2R A I 3G RO
RIS PET, P, Aok 52 3t 545 e
b A8 AT Y e B2 E AR A BOR PEAG L
S B 5 A8 FE L e R P R g | N DG Y IR R
VPG PUE BT 4 QRO Fp ). Tl (a4
) A R 720", DA B3 SO 5K
W A . St R R A PR A B S R

T Rl (Xenocypris davidi)  J&#EIE H (Cyp-
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CERFRERD: A

riniformes) #F} (Cyprinidae), J&J 720 T3 [H
WA A N2 Bt s, A S T KBl
T2, LSS R iE v . ALY E R R,
SRR S YR Sh 1 . A B R A Sy 1 i
R REA SO RIK AR S BRI
SRS, AR SR AE W VLA B K & R T
WL KRR K A, b 2016 4F 5 R AR TE
WL NG SO B2 4 993 JT 8, 2017 4E1
N2 149402 . TEAN R UBDE R ORI AT,
AR R v A B B AR AL, DA AE R
RGBT T, F7 FH AT 22 68 Y S A4 1) 1
FEB AL KU PEAL DA Sy Ji5 25 2 2 A 348 B T30 T

https://www.china-fishery.cn


https://www.china-fishery.cn

2350 KopE OE R 46 45

YRRl 245 5

HRT, PR 3G 5 5 8OR P4k A 3k R FH
Pric Wk . AH EH DL R bR AR L UIEE bR R
T bt EED, T A DNA Frid B A K D>
SRR VTN TS TRV N/ B R SN IS T 4 BU I vt o N
Z ARG S A # A, M A
DNA Fric A EC KRR, AMERT AR ASMAS,
WG AR R KBARICT, C g R e RS
IIPEAS 38 B HOR RO e A R0 T B, BT
BRI P il 7K B B 5 SO VA O SR AR 2
WEgE, W AR T R ARIC I i, X
KA IR G i (Myxocyprinus asiaticus) FA5E iR
RORIEAT TVPAG, RS 38 FE O 7 IR ARG 0 X7 <
YL I AR B TTRR B 16.92%. BRILZAL,
2t A PR K A B i (Hypophthalmichthys
molitrix) Fll ¥ {1 (Ctenopharyngodon idella) W JT J&&
FEF 3 TR FZRIR DNA 43 FhRic i3 8 0 AL
RVPAG, BRI T i S BRI Sl il B R
PR HAT BIgCR U OG T HE B O 5t R
K PEAL IS R BAR 2, Liu 55 U X675 248
K BB O ) = YR T8 (Portunus tritubercu-
latus) HEATIEAL KBS PPAL , G5 IR, KIBLR 1S
B TR X 28 A b A B 30 AR B AR S R
A TR 55 AR

BT, AIEH IR DNA 7> Fhrid
FEAR X ERIE VTN T3 BH U %) 2 2 i R 17 5 2R
VAR, ALFE G UR o7k 3 ) 16 B S B A R R A 2 A
R 81E 2Rk A, DU R R IR VI 2 2 6 1Y)
HOGH AR A T AT

1 MEETE

1.1 HmRE

2018 4F 5 H 23 H, TEWHLAEIRAK =W
JIT /N HRL G 3 50 255 45 i b v B 33 2 ) O X O
K RA 16 B3 B4 17 ), ¥ Hu7E R — ik
M AT AR, RN B TR B
WHEATIRIFR o 2018 4F 12 A B BEFH i o JE i 148
WA, ORI E R S TR, U I R
TR iy (19.6743.67) g, F-HEK N
(10.98+0.61) cm, LS M ERIEIT L3E (1), [H
i BY B R B R A B 2k, BT ICK L 4 °C
VKRR AT A5 T o 2019 4F 7 A JFBA A6 R X A7
WO A, AR R 1~2 %, RIS 10~
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B i
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Fig. 1 Map of the releasing and sampling sites of
X. davidi

1.2 E[HF%H DNA #2BUK PCR ¥ & 500

f8 11 Qigan DNA 2H 24 MU 7] & 4 M e 2 6
FE & DNA, £ NanoDrop 2000 43 ¢ 6 J& it ¥ 17
DNA ¥ B30 5 T 1% B NE A B e Fi ik XA i 1 7
Kl , J5-20 °C PRAEE o HEF 11 X8 R i g T2
519, A5 FIEm B YRmbRC L 2 Fha
M55G0 4 (5-HEX 1 5-FAM)[ 2k TAE¥ T# (b
i) A A R A H) & (3 1)o PCR &4 A
%M 25 pL Tag Master Mix (FE 22 A= P R4 A
BRANED), 2 pL LRSI # FE, 1 uL DNA
BV, 20 uL 2B F/K. PCR Y HEFRIF . 94 °C i
A5 S min; 94 °C A8t 45 s, Rk 45s, 72°C 4
1 90s, 35 MEH; 72 °C KIEMH 10 min, 4 °C ff:
17 PCR =) . SRIG 2 1 % Bl Wi ER I P Yk w0 26 A
WIJ5, 76 ABI 3730 i 4SO B S BEREL, R
B GeneMarker V1.5 SEHUAE v FE R K /ME., Il
AN TR, ORI R B/ MERR U] kA
DA T AW TR (L) B A7 BRA FT
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Tab.1 Parameters of 11 pairs of fluorescent microsatellite markers of X. davidi

LA G SIFAI(5-3") IBKILEESLC H BIEHHE/bp H RAL(E IR FOthRid

locus GenBank accessions no. primer sequences (5—3") T size range  repeat motif (no. of repetitions) dye label

XD01 MK888833 CACTACAGCCATTGTTGCCT 57.5 159~186 (TTA)12 F:FAM
TGTGTTCTGTCATGGCTGTGCAT

XD03 MK888835 CCATTCCTCTAGCCTTCAGTG 53.7 204~228 (TTA)10 F:FAM
CCATTATTCATGACCAGCCA

XD04 MK888836 CCATTTCAAGGAATCTGTTGC 53.8 182~194 (AAT)10 F:FAM
TCTTCCTGGGTTGGTTGAGT

XDO05 MK888837 CCTACGAGTTCTGACAGGGC 55.0 191~203 (TTA)6 F:FAM
GAAGCCATTTCCACCATGAC

XDO07 MK888839 CCTGTGCTTGCTGTCACTGT 54.8 158~182 (GAT)11 F:HEX
TTCAGCATTTGTTATGCATGTG

XDO08 MK888840 AACCCAACATCAGAACCTCG 55.0 153~171 (AT)19 F:FAM
CTGCTGAGAGCATCAAACCA

XDl11 MK888833 TGATGGTGCCAAAGTTTGTT 533 123~138 (AAT)9 F:FAM
AAATCTGGTCACCAACTGCAT

XD12 MK888844 TAAACGGATGAATGGTGCAG 52.0 112~130 (ATA)10 F:FAM
AGTTCAATGCTAATGAAACCGT

XD13 MK888845 TCCCAATGTGAAAGTGTCCA 53.7 162~224 (ATCT)8 F:FAM
TGCCTTCTTTCTTCTGGTGAA

XD16 MK888848 ACACTCCACTCCTGAGGTGC 57.6 158~170 (AGG)6 F:FAM
CCAAAAGCCATCAGGTCAGT

XD19 MK888851 AGAACAAACGCTGCTGGATT 55.4 150~162 (TTA)6 F:FAM
CTGCAGTGAGAGACGAATGTG

1.3 HESH B FAEZEO T o

) Cervus 3.0 BRPFSETE 11 XI5 g

)55 FE B (V) A5 B (Hy) . B G E
(H). Z515 8 &8 (PIC) M3k 3 HE % % (none-
exclusion probability, NEP), 7 5Z54; ] Cervus 3.0
L B K BLSK % (Maximum Likelihood, ML) 3
IMET R, RE 95% Fl 80% 2 4> i FE KT,
VOEAIUSEL . SN LB 1.05 ATRERYACA
FIREAS (R RAE LB B0 0.8 TE7E LA AU R
H 1%, FHEETT 100 000 K. FH Genepop 4.0.10
B AG 50 ff TB A7 A5 A5 £ 5 Hardy-Weinberg -
i, FIH Arlequin 3.5 BT AR )5 4 0L &
B (Fgr) K20 1 AMOVA 43 B, B U4 18] 3% (5 i
(Ny) BB A RN Ny, =(1/Fs-1)/4" Fg1<0.05 |
0.05<F<0.15 1 Fgr>0.15 43 5| BH o404k .
AR AT AR N> 1 R R R (] i 6 R 3 58
D10 I 5 o £ N1 o G £l A [
SPSS 17.0 #AF R E G FEATHERE B . IEASTER:
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(CEERY TR TRE A7y A S T/Z N W N V¥ vl
BN, H 954, F¥I N, R 8.64, P N, N
6~18; H,} 0.493~0.899, V-] H, } 0.708; H,
9 0.544~0.923, V-4 H, 2} 0.739; PIC i 0.498~
0.914, 1 PIC 4 0.703, & T 514 XD19 LI4h,
HAth i3 TR AL 5 PIC>0.5, I Ay B 28k
FAHN, BEEEAL XDO03 & 2 W B Hardy-Weinberg 15
B, HAWYIRMmWE (& 2).

FTFRAREELERD

Cervus 3.0.7 Z5 3R R, FEACHEBUE AR FIG O
T, NEP TG J 0.043~0.513, ZitEFHBRR
(CEP) 7£ %6 3 AN HENL I A E] 99% LA L, FE26E 11
P55 99.999 980% (% 3).
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Tab.2 Polymorphism parameters of 11 microsatellite loci

(A FxT EAEREE MMAEE WEREE ZEEESE Hardy-Weinberg - {1
locus GenBank accessions no. N, S o PIC Hardy-Weinberg test
XDO01 MKS888833 10 0.877 0.835 0.810 NS

XDO03 MK888835 10 0.428 0.652 0.624 K

XDo04 MKS888836 6 0.710 0.757 0.716 NS

XDO05 MKZ888837 6 0.783 0.742 0.709 NS

XD07 MK888839 8 0.754 0.737 0.691 NS

XD08 MK888840 12 0.761 0.810 0.782 NS

XD11 MKS888833 6 0.746 0.697 0.636 NS

XD12 MK888844 7 0.732 0.768 0.735 NS

XD13 MKS888845 18 0.899 0.923 0914 NS

XD16 MK888848 6 0.609 0.663 0.623 NS

XD19 MK888851 6 0.493 0.544 0.498 NS

SFEE  mean 8.64 0.708 0.739 0.703

7E: NS. KAk ZHardy-Weinberg -7 (P>0.05); **. o145 I 3 {2 Hardy-Weinberg - (P<0.01)
Notes: NS. no significant deviation from Hardy-Weinberg equilibrium(P>0.05); **. extremely significant deviation from Hardy-Weinberg equilibrium

P<0.01)

®3 BREUFEFEEIFFEHRE

(NEP) Fn £i+IEFEHEBRZ (CEP)

Tab.3 Non-exclusion probability (NEP) and combined non-exclusion probability (CEP) of X. davidi’s parentage test

A HRT To RS s 2 PR SR HERR R AERHER R
locus GenBank accessions no. frequency of null NEP CEP
XDO01 MK888833 —0.026 3 0.162 —
XDO03 MK2888835 0.204 6 0.338 0.945 251 84
XDo4 MK888836 0.0334 0.284 0.984 446 46
XDO05 MK888837 —-0.027 1 0.268 0.995 836 81
XD07 MK888839 -0.0113 0.311 0.998 703 32
XDO08 MK888840 0.0329 0.190 0.999 754 03
XDI1 MK888833 -0.042 1 0.400 0.999 901 56
XDI12 MK888844 0.026 5 0.242 0.999 976 17
XD13 MK888845 0.010 3 0.043 0.999 998 97
XD16 MK888848 0.054 9 0.370 0.999 999 62
XD19 MK2888851 0.0715 0.513 0.999 999 80

H: —.

Note: — . none

TE 95% B G B . SRR XELE ((LOD) KT
0 5T, JETYEaRNE 4, IS RHT1L 105
B, Ho s 2 Inl 4 o B o A A A IRATT O Y
FAC, AT (80.83 £ 14.59) g, kK
F (163 +1.01) cm (% 5), FL, M4 o 2 4
X AN (A B2 PR STER R A 4.76%
23 BHEERZHMAEESHEER

B2 il B AP HE R B RE AR 100 B (] 4
105 )8, LB Y%aehnsig), Ry
IR AR E AR, N 338, SLIH 2 N BEAK
M N, . H,. H,FPIC H#17ILE, Z5R B/R¥T

https://www.china-fishery.cn

x4 BEIRENERBEFRTLEEER
Tab. 4 Paternity test of X. davidi collected from
the Qiantang River

D 1k IR R IR
HRHHID SRAID JEA 2 XHHUE BIEE
offspring candidate pair loci pair LOD pair

ID mother ID  matching score confidence
Z-49 XD-5 11 2.55 *
Z-63 XD-5 11 6.37 *
Z-12 XD-5 10 0.32 *
Z-45 XD-1 10 1.44 *
Z-105 XD-11 10 0.46 *

7E: * LOD 7695 % E (=¥ T Z#
Note: *. pair LOD score is significant with a 95% confidence interval

R E K224 F 7/ sponsored by China Society of Fisheries
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x5 ARGEBNMHERER

Tab.S Sample collecting information of X. davidi offspring

EEGRIN A Blg PreA e fhK/em Ju
recaptured individual body weight range body length range
HHrieAME  labeled individual 80.83+14.59 74.30~113.50 16.3£1.01 15.4~18.5
TARicAMA  unlabeled individual 151.34+97.28 42.90~340.00 22.13+6.78 13.40~28.2
it total 134.41493.26 42.90~340.00 20.13+6.42 13.40~28.2
BEESR (K O6). Z, DA HERR R R fHM A SRR, A

Y AMRER RS E AR IR Y For 7 0.05, HER
[E]1Y N, K 4.42, AMOVA 43T, 22 MRk
R4y W — AN, 4.03% B8 A8 Sk H REA ],
95.92% (st ik A THEAN (& 7).

F6 2NBAEEMHNESSHMLER
Tab. 6 Genetic diversity parameters in

two populations of X. davidi

Bk AL BRI Wi E27
population % AR 1/? R ﬁfg 15 E.Iéc\%
B AR (100)2) 791 0.70 0.73 0.69
wild population (100 )
FRIHFHEG33E) 7.00 0.74 0.73 0.68
cultured population (33)
P 0.556  0.632  0.946 0.838

i P>0.05, FRRLRENESR
Note: P>0.05, no significant difference between two populations

®1 LN AREBMEREENSFESSW
Tab.7 AMOVA analysis of two populations of X. davidi

AR AR IR JrEAS BRESHY%
source of sum of variance percentage of
variation squares  components variance
BEARIE] among populations 548.085  0.166 67 4.03
RN within populations 509.000 3.91538 95.92
Kt total 1057.085  4.082 05
3 ik

3.1 WDERENSSMRFEFEESH

N, H AEFPIC 1] LR~ A B A 42 £k
& A5 B, Botstein 5" AN il P AR I H>
0.6 F1 PIC>0. 5 J& g Al 5 BB o A Szgerh 114
¥ &% PIC 247 0.500~0.914, - PIC 24 0.703, ¥
RN E LA HoN 0.544~0.923, ¥ H,
N 0.739; H, A 0.493~0.899, ¥4 H, K 0.708.
RIS BT IR 11 DD AR 2B .

TR L RARICHEAT R T HE R, REM
EUP AR5 7 i 41 S I P DA 41 S T e
R FIRE A SRR . DIPTSR, 0 A A7 i R

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

HepR RMm; FEASG 2, BHEBR R E™, &
3 AP AR AT YT S BB 1T 0% FUE e, BT
A 11 AN B2 A7 45 0 R HEBR R AE 99.99%
PLbs Bk R S0 e VT Bl a1 4 7 498 B A
PEAERF S T 1AM T RN A, BiHHER RN
99.998 3%; Z%/INIF U A X 5 R AT 36 B IO DA A
VAT 14 MRS, BIHHEBRR N 99.91%.,
BOEARES, 4 BiHHER R R T 99%, EF%5E
AL RIEAT(EP, ARSI EA T 11 X DN
B MBCEARAE, BIMHERR R KT 99.99%. H
I, ASEEE R 11 AR ST &AW
WA E BT ETRRNN, HIAEIE T
FELE AL ATE R
3.2 HEERURBR TG

T J 158 B 38 85 SR A T LA K 8 B 3 )
VG S AR AT WE I, S F — 2B 3 B0 TAE )
FRPEME AR LE . BT, EHS i ARIT
JEE BB R R VA, Rh HE T A ST DA
FE TR AR A R F-Be 2 — o ARSLKE by
DRATA 8 R R O TR B AR 1) TR R R
4.76%. UL FEERSETT VT B 1 B B R B Tp A7
TE— 8 B A A, ) B 386 2 750t o 8 2 B
PBEIR AN TR B RAFPER . 5E ARG L,
AR SIZ I8 11 TR 47 A0 T 2 R 03 R0 £ 1)
[ 3, A K TG 394 O BTk (8.21%)"
1R G f71 1) BTk R (16.92%)!", 3% 19 i IF 5% Ak
1) F S I BH R BT R R Y O R IR BTk R, AR
SCOOAG H ) B R R 39 FE O TR R S B N O 24
R TTERE . BT R STECR TS R g
JUAF 1 f0 2 398 BR800 i B
[l Fof e 38 AR B — P 2 o T — A1 1) O A
A B AR A 28 B IR TR R T AR Y B IR
TR P IR R 22— FL, X AR 4
DI TR WIE D R AR A fa, B4 BRI 2 B R
Y BN TR, TR OO A R
Bl v, AT 3 b 2 A i 0 384 5 RO A SR BT
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BRI R 2 — o (H 5 B IE VLR e 0 = A
#)j (Megalobrama terminalis) >4 4 ¥4 58 U 51wk %
(1.08%) ™ AR L, A% 52 6 ) £ [l 4 3 o 14 3 22 It
PRI AT g A2 = A 575 P T K SO BRIV T Ui, KA T
HCE IR AR, TR AR A A T, Il R
RFEABARXT D 5 T A 52 B3 4 14 7K Sl DX A
XFE AT, O X B N2 3.5 km A EEA A B L
JK ELS AT B2 1.5 km QbR EAG /NERDK I, A —
ERE R aZEn s, HfxEEAR, Ml
I o

3.3 BEEZHMSN

PR B O T 1 5 B AR AN AT,
JLZ R BB IO B AR AR ) ST R . BE AT
A R VB 1 BRI A R P AR R R AR AR AT
ZREER T T, O AT B AN AR 35 AL 25 4
AR MRt 2 S ST B O VA TR R . HIt,
ARSI A5 LA A B Ak i VL R R A A AR
(A5 B8 R AS BE R FLEF SN R I 5t A 2 e . BEAR
BAE LR R For A1 N, A R RS L LR
M EAGhR . For BUERK, 2 MRS L /1L
IR . AR SE G R R BEAR For M 0.05, A
T IR EE oAbz 18], B 2 AR Y st f%
SAFREEARNE o[RBT AMOVA 43074 SR [RIRE R,
WA 2 AR AS S E BN BEAR Y, R
(387 AN 4.03%, N, N 4.42, FH 2 ANEE
IR A ORI, Bt % ek, X se2s Ui ]
S B UG B R AN B A 7 AR A I AR
KRS, AR 2R T B i B AR AR 1 1AL 2R
PERBAL L5 R . R AR IR 2R BF 9T T, 78780 A
A T3 e PR TR B A et b o o S B A
FIEF AR B I I R R B, b 8 2 0 98 A 00
(AR AR FRR G B2 JR PR S I il =0 9%

(3 7 B0 A SUTC 52 B s A2 B Al 22 o )

S £ #R (References):

[1] Bell J D, Bartley D M, Lorenzen K, et al. Restocking
and stock enhancement of coastal fisheries: potential,
problems and progress[J]. Fisheries Research, 2006,
80(1): 1-8.

[2] BellJ D, Leber K M, Blankenship H L, ef al. A new era
for restocking, stock enhancement and sea ranching of
coastal fisheries resources[J]. Reviews in Fisheries Sci-
ence, 2008, 16(1-3): 1-9.

https://www.china-fishery.cn

[3]

[81]

[10]

(11]

TRE R, IR, BER, S8 I BE R G 5 PR AL AT Tk
FES5 R (1], KF= 54k, 2022, 46(8): 1509-1524 .
Zhang C L, Xu B D, Xue Y, et al. Fisheries stock
enhancement assessment: progress and prospect [J].
Journal of Fisheries of China. 2022, 46(8): 1509-1524
(in Chinese) (in Chinese).

TR, miEE, S0k, & E L R S
B BHIREAGEI]. VU )113h¥, 2016, 35(6): 865-870.
Zhang Y P, Zhang H X, Fu Y L, et al. Assessment of
biological parameters and stock biomass of Xenocypris
davidi in Junshan Lake[J]. Sichuan Journal of Zoology,
2016, 35(6): 865-870 (in Chinese).

W, B, A0, S5 B SR O BOR BT g
JE[IN. LA RN, 2010(4): 236-240.

Pan X W, Yang L L, Ji W W, et al. Research progress on
technology of enhancement and releasing[J]. Jiangsu
Agricultural Sciences, 2010(4): 236-240 (in Chinese).
Liu Z J, Cordes J F. DNA marker technologies and their
applications in aquaculture genetics[J]. Aquaculture,
2004, 238(1-4): 1-37.

Catalano M J, Chipps S R, Bouchard M A, et al. Evalu-
ation of injectable fluorescent tags for marking
centrarchid fishes: retention rate and effects on vulnerab-
ility to predation[J]. North American Journal of Fisher-
ies Management, 2001, 21(4): 911-917.

Palsbell P J. Genetic tagging: contemporary molecular
ecology[J]. Biological Journal of the Linnean Society,
1999, 68(1-2): 3-22.

Campbell M R, VuN V , Lagrange A P, et al. Develop-
ment and application of single-nucleotide polymorphism
(SNP) genetic markers for conservation monitoring of
Burbot populations[J]. Transactions of the American
Fisheries Society, 2019, 148(3): 661-670.

B, B, A, & BT R R R AR T AT
o 35 FIR I #089 BEBOA BRI PR A (0], o K =R,
2014, 21(3): 574-580.

Cheng W W, Wang D Q, Wei Q W, et al. Effect of
restocking enkancement of Chinese sucker in the middle
and upper reaches of Yangtze River based on microsatel-
lite loci[J]. Journal of Fishery Sciences of China, 2014,
21(3): 574-580 (in Chinese).

ZRIGE S5 RO S AN R S R 2 1 vy 2 5 A
7 [D]. I SR K2, 2016.

Ji X F. Construction and application of microsatellite

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.1016/j.fishres.2006.03.008
http://dx.doi.org/10.1080/10641260701776951
http://dx.doi.org/10.1080/10641260701776951
http://dx.doi.org/10.1080/10641260701776951
https://kns.cnki.net/kcms/detail/31.1283.S.20211012.2110.030.html
https://kns.cnki.net/kcms/detail/31.1283.S .20211012.2110.030.html
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.1016/j.aquaculture.2004.05.027
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1111/j.1095-8312.1999.tb01155.x
http://dx.doi.org/10.1016/j.fishres.2006.03.008
http://dx.doi.org/10.1080/10641260701776951
http://dx.doi.org/10.1080/10641260701776951
http://dx.doi.org/10.1080/10641260701776951
https://kns.cnki.net/kcms/detail/31.1283.S.20211012.2110.030.html
https://kns.cnki.net/kcms/detail/31.1283.S .20211012.2110.030.html
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.3969/j.issn.1002-1302.2010.04.096
http://dx.doi.org/10.1016/j.aquaculture.2004.05.027
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1577/1548-8675(2001)021%3C0911:EOIFTF%3E2.0.CO;2
http://dx.doi.org/10.1111/j.1095-8312.1999.tb01155.x
https://www.china-fishery.cn

12 4

REIN, A BETIRCTLEFRIC BRI L35 o R R 0 A R ORISR A det e U TP A 2355

[12]

[13]

[14]

[15]

[16]

[17]

(18]

gene bank of released brood grass carp[D]. Wuhan:
Huazhong Agricultural University, 2016 (in Chinese).
22T | i (Hypophthalmichthys molitrix) 5 8 ¥4 5H i
TRIBAE VAL [D]. FR: PERI K%, 2012.

Li X F. The genetic effect evalution of released parent
Hypophthalmichthys molitrix[D]. Chongqing: Southwest
University, 2012 (in Chinese).

Liu Q, Cui F, Hu P F, et al. Using of microsatellite DNA
profiling to identify hatchery-reared seed and assess
potential genetic risks associated with large-scale release
of swimming crab Portunus trituberculatus in Panjin,
China[J]. Fisheries Research, 2018, 207: 187-196.
Kalinowski S T, Taper M L, Marshall T C. Revising how
the computer program CERVUS accommodates geno-
typing error increases success in paternity assignment[J].
Molecular Ecology, 2007, 16(5): 1099-1106.

Hudson R R, Slatkint M, Maddison W P. Estimation of
levels of gene flow from DNA sequence data[J]. Genet-
ics, 1992, 132(2): 583-589.

Wright S. Evolution and the genetics of populations.
Vol. 4. Variability within and among natural popula-
tions[M]. Chicago: University of Chicago Press, 1978:
58.

Slatkin M. Gene flow and the geographic structure of
natural populations[J]. Science, 1987, 236(4803): 787-
792.

Seo D, Bhuiyan M S, Sultana H, ef al. Genetic diversity
analysis of south and east Asian duck populations using
highly polymorphic microsatellite markers[J]. Asian-
Australasian Journal of Animal Sciences, 2016, 29(4):

471-478.

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[19]

[20]

[21]

[22]

Botstein D, White R L, Skolnick M, et al. Construction
of'a genetic linkage map in man using restriction frag-
ment length polymorphisms[J]. American Journal of
Human Genetics, 1980, 32(3): 314-331.

IR, #2130, MEE, & T EEFRE KL
TL I3 B T RO ROR PRAG (D], b ARG B2, 2019,
26(6): 1185-1193.

Feng X T, Yang X W, Yang X J, ef al. Microsatellite
method assessment of the effects of restocking enhance-
ment of bighead carp (Aristichthys nobilis) in Jiangsu
reaches of the Yangtse River[J]. Journal of Fishery Sci-
ences of China, 2019, 26(6): 1185-1193 (in Chinese).

¥ 2130, XIHE, B, S5 BT R TR RS AL
75 BLEE (Hypophthalmichthys molitrix)¥8 58 U 78 J6 5T
BRI APEAE[I]. SARL, 2020, 32(4): 1154-1164.
Yang X W, Liu Y, Xue X P, ef al. Resource contribu-
tion rate assessment of stock enhancement of silver carp,
Hypophthalmichthy molitrix in Jiangsu section of the
Yangtze River based on microsatellite markers[J].
Journal of Lake Sciences, 2020, 32(4): 1154-1164 (in
Chinese).

TR, EIMH, oRpiF, & 3T R SRR E XY
BRYEVL A T U = A 8 B O BOR BRI L 0], ARk 2R
WA AR, 2020, 28(7): 1260-1268.

Zhang M Y, Wang X Y, Zhang W P, et al. Study on
enhancement and releasing effect of triangular bream
(Megalobrama terminalis) in the middle and lower
reaches of the Qiantang River by microsatellite paternity
testing[J]. Journal of Agricultural Biotechnology, 2020,
28(7): 1260-1268 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.fishres.2018.05.003
http://dx.doi.org/10.1111/j.1365-294X.2007.03089.x
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1126/science.3576198
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.18307/2020.0422
http://dx.doi.org/10.18307/2020.0422
http://dx.doi.org/10.1016/j.fishres.2018.05.003
http://dx.doi.org/10.1111/j.1365-294X.2007.03089.x
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1126/science.3576198
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.1016/j.fishres.2018.05.003
http://dx.doi.org/10.1111/j.1365-294X.2007.03089.x
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1093/genetics/132.2.583
http://dx.doi.org/10.1126/science.3576198
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.5713/ajas.15.0915
http://dx.doi.org/10.18307/2020.0422
http://dx.doi.org/10.18307/2020.0422
http://dx.doi.org/10.18307/2020.0422
http://dx.doi.org/10.18307/2020.0422
https://www.china-fishery.cn

2356 KopE OE R 46 45

Stock enhancement effect and potential genetic risks of Xenocypris davidi by
molecular markers in the upper reaches of Qiantang River, China

GUO Aihuan, YUAN Julin, LIAN Qingping, NIMeng, LIUMei, GU Zhimin"

(Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural Affairs,
Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract: Xenocypris davidi is one of the most economically important freshwater fish in China. In recent decades,
owing to the construction of dams, overfishing, habitat degradation, pollution of water, and other human disturb-
ances, the number and biomass of X. davidi local populations declined sharply. On the other hand, X. davidi can
effectively restrain the aggravation of eutrophication and control the abnormal proliferation of algae. To restore
fishery resources of X. davidi and improve water quality, restocking enhancement activities of X. davidi have been
conducted in natural waters since the 1980s. It is urgent to carry out the evaluation of the effect of restocking
enhancement of X. davidi, as well as the potential genetic risk assessment of breeding population to wild popula-
tion of X. davidi under large-scale proliferation and release. However, there has been few report on the effect of
restocking enhancement of X. davidi. In order to assess the effect of restocking enhancement of X. davidi and
provide guidance and suggestions for the breeding and releasing of X. davidi in Qiantang River, the potential
genetic risks of X. davidi in the upper reaches of Qiantang River were evaluated by using 11 polymorphic
microsatellite loci. We collected 33 breeding parents and 105 recaptured individuals. Microsatellite DNA molecu-
lar marker technology was used. The number of mean alleles (N,), the mean observed heterozygosity (#,, , mean
expected heterozygosity (H.) and mean polymorphic information content (PIC) were 8.64, 0.708, 0.739 and 0.703,
respectively. It was proved that 11 pairs of microsatellite primers as an effective tool for parentage identification.
The combined non-exclusion probability (CEP) of 11 loci was 99.999 980 % by Cervus software. Five individuals
were confirmed to be released. The return capture rate of the offspring is 4.76%. The comparative analysis of
genetic diversity between the cultured and wild populations of X. davidi showed that the two populations had high
genetic diversity, and the genetic parameters of population differed little, indicating that their genetic diversity
levels were close; AMOVA analysis showed that genetic variation mainly came from within the population
(95.92%), the genetic differentiation coefficient Fgy is 0.053 59, and the gene exchange value (V,,) was 4.42. The
results showed that it was a low degree of differentiation and gene communication was barrier-free. So our study
suggested that the stock enhancement of X. davidi in Qiantang River had produced a good resource recovery effect,
and there was no potential genetic risk caused by the release. In the following studies, on the basis of making full
use of microsatellite genotype data, we should strengthen the long-term and continuous tracking of the release pop-
ulation and the field population, so as to provide basic support for the scientific evaluation of the stock enhance-

ment and the conservation of seed resources of X. davidi.
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