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FBZ o BRI E R IC /AR
BN SCEEARN 73 Bt 5% 52 9% 22 77 T B A 52 1 B A
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1.1 SEIe#Rl

20084EA# 1 1997—20044F M 3£ [H 5| 3 44 77 %
Hr(1997)BEAR . Bl H € (1999)BEfA . 25 7 Lk
(200 1) EEAAR . Bl B €4,(2003) FEAAR I B 1 £1,(2004) B
P 3L405 BB 5 YR i 37 B P IR, FI A
AT G IR R R . 201146 H IR G e
KHESONG K . 201546 H kG MRIEE R
AERSEARMI 100G K R BIHUH T 5%
) R AEHE 2%, EAFAEIS Y% RS N, —20 °C R 4% .
BE A SR AASEC PR U0 S, BN R R UL R AL,
R 1sd)E, MU R R (FH P EFRBEE R
134, A B 2K 5.8/ B AL e HU 500 8 £ 1 1 1 AR
50.1 hm BB R & F80. EFR 124 A )5, b
WLEEL333 R G ARBE L R AN A, BYH /N 6
HIR, 95% B K PRAT, 20 CIRAT
1.2 EF2EDNAEEL

BY HCRE AN R I BE pi X M 5 A AR R g A
M £)25 mg, R B ot oK, #2015 mL &0
B, JeJEInN450 uL STE DNA i 2 2% i i

(10 mmol/L Tris-HCI, pH 8.0; 1 mmol/L EDTA, pH
8.0)~ 35 uL SDS (10%), i Ja IIA15 pL&& A BFK
(0.2%)HEifRJE 2] . M ARnaseA 1 uL, & T /KB
55 CHR i 1he MIANEZEARF (£9700 pL) TristE A,
TEDNARAAX EIRFZIR ], 4°C 12000 r/min L
10min, 4535 8 WK EIHREF AN 5 —1
TR B LE . LE ISR N SR AR I 17
WREW (B & 07 5 LB 25:2401), BT
DNAR & FIRZ RS 15min. 7E & in N 2%
R 21500 pL, B TDNAR G LR IR
15min. 7E_E3ERPIIAN-20CHA 1T K B
1 mLYTHEDNA, 204112000 r/min & L 5minj& 37
FIEW . FIMAT0% LBV B IR, BT K 4
BE Wi — X, T1J5 INN200 uL TE, & f#7e 5. fif
FINanoDrop ND-100043 566 & 4% (3¢ | Nanodrop A
A )R L (R AH DN AR B AT &, 7K % DNAFE i
FRiRE 100 ng/pL i) TAEVR
1.3 ZEAMMIEFRFICTFENRNMARLL

MBI 2R B R SR Bl SC gk i H 10 A
e 2 A PR A, AR s PR AR W
FIEETHIE T 2 EPCRY G 514, 1E W 5145 5 A A1
R ERRiE (R 1) @22 EPCRIFATY 1Y,
N2 EPCRESGSHAM PRSI Y, 51wk 157
o ZARAHIPCRIR MK £ N20 pL: 2xTag Master
Mix (Vazyme), 10 puL; JEKZ4IDNA, 1 uL; 10P K
W54, 0.25 uL; ddH,0, 6.5 uL. £ EPCRY 1 Jx
. 7E Eppendorf Mastercycler nexus PCRAX L #E4T,
P& AN 94°CTAE M Smin; 94°C A 14305,
58—51°C (BEMEFF I 1C)IB k30s, 72°C ZEAH60s,

x1 AWRIEMSKSIMER

Tab. 1 The information of microsatellite markers and their primers
(8= Gkl FILHRIC BKIREE J BRI FKothRid
Loci Primer sequence (5'—3’) Repeat unit T, (C) Size (bp) Fluorescence label
P TCTACGOTAGTCAGTTATG ae s wuwe
s GTCCCIGOICOTATCICC T w wem
P CAGGTCIOICCTCNETAC T s meas o
e CCICGOGACAICICINC  oampaarn 51 mnae s
HoSTEOCNIIRGS ame @ em o
P A e e (CCAT)n(CTAT)n 55 105133 FAM
s GOITACCCI AT GG Moo s
GGG R
0 ANCCIAACCCTAGACOTC aman s wews
1P12 ATTTGGTGGAGAATACAGGTAGC (ATT)n 58 340—361 FAM

TGCTTTTACCACATCAGAAGACC
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OMIEER; 94 CAE30s, 55°C B K 30s, 72°C LEfH160s,
15/MG I, 94°C AE1H:30s, 50°C B k30s, 72°C %E{H
60s, 15MEH; 72°C 4E{H110min.
14 WIDEMSEESE

FEPCRIR M5 J5, B3 LA 34 P2 M0 i N
#|ABI 3730 XLi#tfE 53 #T &2 48 (2 EHABIA A))ACE
(196 FLIR M, AN FLAIMN0.5 uLifGeneScan'
350ROXTMAFR#E T BE (32 EABIA A), 5 AMERA
FLAIING6.5 pLAYHI-DITM Bk (35 ABIA 7)),
K96 S LI PCRAXAS A 95 C A1 10min, 221
JaSERVE T oK b, I ERESIABI 3730X Lg% 7 #r
R4, B AR ANEIT 5 TN 20 C LR A7 Ja 22
EHLHT. FFABI 3730 XLiEAE 4T RSB0
WKEER G, 5k B S SO, i F GeneMarker
V2.2 080 1 BUCRE A D A SR 5% AR A1 AXAE 75k
BEAL AR
1.5 HIESHh

K FPopgene 3.2 F {14 X 2 K] 43 U 5 Hm b 47 5%
7 3 [R5 (Allele frequency). M 2% 4 FZ (Ob-
served heterozygosity, H,). I 7% & 5% (Expected
heterozygosity, H,). % #&15 . & (Polymorphic in-
formation content, PIC) ¢ J& 355 A7 Jk PR 43 26 (Null
allele frequency)%5 245311, 18 HGenepop 4.2.15
{347 Hardy-Weinberg - 4 . GenAlEx 6.513K
A SR AR Tl T B S LS e R 2R L R R A
FEBRAEZE(PE-1). A1 AN SR AHE BRI A I 1 i v HE
PR (PE-2) L S i 3k S BEXUT Ay~ AL R B 2
0, HEERSCEEXUTT IR A (PE-3) A LA N1 SR AR HE
MR, ), [EFHCERVUS 30804 2E 47 B4 50 #
PLRSE 75558 i o il i Al AR #E(Likelihood, LOD)
o 56 A5 DU AN A 5 5% A 5 DT RS 2 T) 1 SR R A, I AE

95% BELAR KT, W A A A 55 8 2 AR 22 T 1
T RA

2 R

2.1 HIDERCHPEAR

AW FEARYE 104N B2 Fric i 18 7= M va DK
O NWIH BT 2 EPCRY Y, HAK > 4115 M-
5—4 (IP1. IP14. IP11. IP16. IP14). 4
(IP13. IP18. IP19. IP20. IP12). £ EPCRY 1¥
W4 ABI 3730X Lg% 73 AT R AT BAHE LK
J&, 13 FHGeneMarker v2.2. 0% 84St BV T S YR
1] 3% A KN AR AR AE 104N TR AL 5 (R JE R Y
K 1NEE— 2 EPCRIK R, AN R bR L IE [
T4 51 W 1) 5" 5 18] B K FHF AMATHE X % Y6 5 [ 3F
FTFRIC, SR bR IC 77 2 mT LAY BT $th 2 591 455 A7 25
(448 1 B RN
22 WIDEFFCHZESMSH

M 27 AT LA H, 3 A TR BRI AR £
W2 KR PRI AL ZREME, RIS 3 B
W2 A SO ERNBWHIE—161, MERE
¥ (H,)1E0.748—0.952, H3E J2 & ¥ (H,)1E0.678—
0.880, &AL M2 &M E& EPIC)TE0.647—
0.868, Jo A5 i J: R A #E 4£-0.0735—0.0316, 1518
X104 TR bRIC e BT 5 R s 4 e b B
R AN E . RN R R Py S 7 5
R %0359 8, SPI I 2 A B . PRI A B
P ZBEET RIS H80.8591. 0.8092F
0.7845. BRI AIP14N, ¥ 5 2% W E Hardy-Wein-
berg F- 17
2.3 HERFRMBFAHRE

fii HHGenAlEx 6.5 1A F AR 2 5 B RHE
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Fig. 1 Genotyping of microsatellite markers
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PR, 45 RUER 3FR. BN TR SRR H
B FAS A THHEBR AR (PE-1). CAI— R Ak
DRI 7R P38 - HE B 26 (PE-2) S (5348 A R WU 1
AT R L, HEBRASCBEXUTT 2R (PE-3)3 5 £
SHE BT ENRIEL, P47 SIP 15 HERR R 45
B, 20 HN0.764 0.61410.91, T A7 1P 138 HERR
RIAR, 73 550.47. 0.28F10.67. 104N B EAT
B B R HES M2 CPE-1. CPE-2F1CPE-37%) %I A
0.99996806. 0.99833267410.99999998 . [t /i T
B REH P 2, HERR R oK, HAa Mk

BRAE R 2 T A
24 FTEEGERS

MG HACE FBEA P BENLE £ 1340 2 [ K
RIS L R M X R T4 IR & IR0 s, MR
W RERLE 333 R AR, Il X333 B AR, 382 H
FRoEA RN R 45 ATE 104l TR AT 5/ B &
(R 4), BHABSRES e MFsET R R &
MK R TG XA T L5 LODE 7E4.22—11.70,
FAE BEACF e 5 LODAE 7£5.59—10.20, TR
RBRFA = 2 A B X LODAE #£13.30—24.70. 1%

#=2 10D EFRICEANKRATHIEESH

Tab.2 Genetic parameters of 10 microsatellite loci in 21 familiesO

B SCAERE RIAMEE WIRERE HIEARAE ZXEESE WilEAaK To R
Loci N, K H, H, PIC SFHEHWE  JERIE (Null)
IP1 12 333 0.904 0.880 0.868 NS —0.0136
P14 14 331 0.906 0.837 0.817 o -0.0398
IP11 8 332 0.771 0.814 0.791 ok 0.0316
P16 8 333 0.901 0.843 0.821 ok —0.0340
P4 16 332 0.952 0.868 0.854 ok —0.0495
IP13 6 329 0.748 0.678 0.647 ok -0.0735
P18 10 330 0.797 0.832 0.809 ok 0.0238
P19 10 328 0.863 0.778 0.744 ok -0.0559
P20 7 333 0.820 0.798 0.767 ok -0.0177
P12 7 333 0.841 0.763 0.726 * —0.0516
Mean 9.8 3314 0.860 0.8092 0.7845 — -0.0280

VR AR T AR G, QR 2 S, AR B o, NSURAN B 2%
Note: N,. Number of alleles at the locus; K: Number of individuals typed at the locus; H,. Observed heterozygosity; H.. Expected
heterozygosity; PIC. Polymorphic information content; F (Null). Estimated null allele frequency; NS indicates not significant, * indicates

significant at the 0.1 level, ** indicates significant at the 0.001 level

Fz 3 103D E2FRICHHIBRES TR

Tab.3 Combined exclusion probability and exclusion probability of 10 loci

157 55, HEBRME S HeBRMER HeBRMER SRR R R R2 BRHERE RS
Loci PIPE-1 P2PE-2 P3PE-3 CPE-1 CPE-2 CPE-3
IP1 0.76 0.61 0.91 0.75996908 0.61138479 0.91316733
P14 0.68 0.51 0.86 0.92346786 0.81069284 0.98763801
P11 0.64 0.47 0.83 0.97255036 0.89876528 0.99784154
IP16 0.68 0.51 0.85 0.99120523 0.95037470 0.99967548
P4 0.74 0.58 0.90 0.99770319 0.97937292 0.99996751
P13 0.47 0.28 0.67 0.99877954 0.98520305 0.99998937
IP18 0.66 0.49 0.84 0.99958920 0.99248011 0.99999828
P19 0.57 0.39 0.76 0.99982360 0.99543088 0.99999958
P20 0.60 0.42 0.78 0.99992939 0.99735519 0.99999991
P12 0.55 0.37 0.73 0.99996806 0.99833267 0.99999998

VE: PE-1. RUEREEH B ORI 1T HEBR SR PE-2. U0 — AN SR AR EE DR Y I (A5 T HEBRME R ; PE-3. {35 AL REX 7 A AR EE R Y
LN, HEBRACBEXU AR ; CPE-1. XUSE L (A 2 O 0BT 1) REVHEBRAE 2 CPE-2. LN — AN S A SE DR B 1) RANHERR R ; CPE-3. ik

SCRFTT AFAREE R T B, HEBRSCREXUTT (1 R AR

Note: PE-1. Estimates the probability of exclusion when the genotypes of both parents are known; PE-2. Estimates the probability of
exclusion when the genotypes of only one parent is known; PE-3. Estimates the probability of excluding two putative parents. CPE-1.
Combined probability of exclusion when the genotypes of both parents are known; CPE-2. Combined probability of exclusion when the
genotypes of only one parent is known; CPE-3. Combined probability of exclusion two putative parents
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2 IRYELODE K /N 748 5 15 3 S REHEAT UL L,
WZ331VRTARTE2 I R PR B T X L AL
BEA, R85 SRAF A R R A E ), AN 2 AR {5
AR ST LODIE /N0, BeAMEELE TR H24
{3 BEA T 00 . 45 S 3% IR 1% B0 ps S i 5%
R T R HER L $99.10%
3 g

TEf KRR Z B M EAR AR RIEE EX T
WAL UL TH R E PO R e B O AR
DAL I 06 250358 3% 4 38 O i DA IE 7 3 38 RS B
AT T B 104N T2 ARG 7E2 1N BE A S il
FEBARPYWEAEREMZEME, PICHN T
0.647—0.868, T it B IX 104N B2 A7 i Re 3 ik 4
NEBREAALERE R, HFRE 104 I AR
FRYEH 14 7= K /N 2 40 3 572 NS EEPCR Y 1Y
R &R, KRR T PCRN AN LIk LA FE
TR, BERE T T/EME. MELZE
PCR N 5 B340, S PCR 3 [ R BBCTE F
S S RN, DR ZHCRE R RS
& M 538 5 R AR EEPCR e v 5L 3 M PCR &
TR A B aemst T L A% S0t 07 0 1 TR A

AT T IR R AR R A4 . Sk 3 B
WX S B REA SRR A b Rt iE S
TF e 2 EPCR N 115195 SOSLAR 2 A A0 )2 i i
1% FH3&E A 2 EPCR R M a7, F 454 Touch-
down PCR s W 15 DL S
HTRURER R T4 2 2 2l @R
PRV, N PR ARG 36 1 7 VAR A ik 2 AR v # 2)
AU /BEAS s H B R R R AN A A
USR L RN JE =Rk B SR F(E 75 B BC X LODME . 4
LODAE 25 T 0\ M5 i S/ BEA 5 AR R BE AT A/ B}
AN T ARESEACE A e tEAH A, ¥ LODIE/ M T
0N 95 3k S/ BEAAS 1] B A F AR I S A/ BEE
LOD K T0\ M e A/ BEA & A B SE A/ BESE,
LODfA K, W5tk . MR CERVUSHE it
HIILODAH, X Fr A 14 T2 ey 4L AL, FE A7
B AR BC I, 3302 BE A5 SR i 1A AN A A
IR R R, BES% EHI1E99.1%, H B S E LA
95%. 3EEA MHER S € B X R MEIB AT R 2
IR A 7 32 TR 3 TR s Y3 A R A s D G PR R 4 e, B
RIBFFRPBAHAMF R TR HEMIEER 5
TR SR 250 26 8 BT 5, O Reilly2 "R B
SPRB RN B DR R A AR A AT AE 2% —3 % 1) 525 [ 73 TR Aty

x4 I0NMHDEFCHEFEEER

Tab. 4 Paternity test results of ten microsatellite markers

ES S TR A P25 X LOD (A BEA SPEIP RO LODIE P = RO LODA
Family  Offspring number Sire Average pair LOD Dam Average pair LOD Average trio LOD
27-2 9 P7 8.97 P6 9.88 22.68
11-2 28 P10 422 P9 9.08 16.97
20-1 19 P13 10.20 P12 9.34 23.62
15-1 11 P18 8.89 P16 8.66 18.94
14-2 10 P20 10.70 P19 8.17 24.40
K10-2 11 P28 6.42 P27 7.36 19.00
K10-1 31 P29 7.13 P27 7.80 20.80
K7-2 10 P31 6.06 P30 5.00 13.30
K6-1 8 P40 11.70 P39 7.56 24.70
25-1 22 P43 8.08 P42 10.20 22.40
10-2 15 P50 6.71 P49 7.04 18.40
2-2 7 P61 6.70 P60 6.23 18.17
2-1 23 P62 6.10 P60 6.64 16.86
K3-1 25 P64 5.85 P63 5.61 15.90
K3-2 13 P65 6.28 P63 5.68 16.60
8-2 8 P72 11.10 P71 7.87 24.05
9-1 19 P75 6.52 P74 6.01 16.64
1-2 22 P77 7.24 P76 7.17 17.68
K1-2 16 P83 7.94 P81 6.74 17.87
3-1 15 P85 5.07 P84 5.50 14.62
3-2 8 P86 7.42 P84 5.57 17.13
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BRI TCIEIEF100% M HER R . Kk, A TR EE
SE HERA T, BR T I8 2 &M m 1 T E ARl 4,
REER =, WA RESMRL. b, 7R E™
FEHE R 2 Y5GO, AL AT UK N TH BT SAL
X oy B AT I

B EREASH 2 DR bR %5 6
JIWE B bR, 18, B RN S H g,
FARHEBRAE BT O A R R I P AR Rd 2
H, Z8EE 5B RNMEEA S EAE &R EM
HE M . B S 5 A R A s B A
SN IR SR AR R A FUR B, SN D B AR IE (P
o1 A5 5 R 5AN Y AT DA 104 2 %60 14 53] 7 4 2k 52 A
FUSAS AR SN PE MG SR A AT B A 2, Y LA
A7 FUECH BE N 210 I (G S A FE R 5.64; ~1-3)
PIC 0.7245), % O HHE 51 g 148 55 AR A 0 M ) g ik
SR BN 43 WA 43412388 . AT &M
FH8AN T 22 A I PR CP S 1 L (K18 754, T3
PIC 0.8135) 13 2 ] %5 e W SR AR, C itk
MSEASIRE, REMEN A3 E . ACHTEFER
104N TR AT AP 3 55 A R R (9.8 ) i T LA B
W, 73 2 & MA5 B & B PIC (0.7845)/ T LU
I T R R DR, ASHIE A BT S B
XM IR FR 5 40k FR N R R BRI B AL v A 58 B
1RSS5, AT 2 B M aE R, 7 R A E 2 %%
SF A I U R o 4 0 22 A PR R A AT H R sk
PRS2 I H 1
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ESTABLISHMENT AND APPLICATION OF PEDIGREE IDENTIFICATION
TECHNIQUE FOR CHANNEL CATFISH BASED ON
MICROSATELLITE MARKERS

ZHANG Shi-Yong"’, LIU Hong-Yan', WANG Jiang"’, SHAO Jun-Jie', WANG Ming-Hua"’, ZHONG Li-Qiang"’,
CHEN Xiao-Hui"* and BIAN Wen-Ji"*
(1. Freshwater Fisheries Research Institute of Jiangsu Province, Nanjing 210017, China; 2. The Jiangsu Provincial Platform for

Conservation and Utilization of Agricultural Germplasm, Nanjing 210014, China; 3. College of Animal Science and Technology,
Yangzhou University, Yangzhou 225009, China)

Abstract: To establish an accurate, efficient and economical pedigree identification technique for the channel catfish
and provide a scientific basis for the genetic evaluation of the channel catfish and family breeding, two 5-plex PCR reac-
tions were established using 10 pairs of SSR markers with high polymorphism. 333 individuals from 13 full-sib fami-
lies and 8 half-sib families were identified by the channel catfish pedigree identification system. The results showed
that the average number of alleles at 10 loci was 9.8, the average observed heterozygosity was 0.9952, the average ex-
pected heterozygosity was 0.8092, and the average polymorphism information content was 0.7845. The cumulative ex-
clusion probabilities of these three cases were 0.99996806, 0.99833267, and 0.99999998, respectively. The identifica-
tion of the verified population was highly consistent with the pedigree with a true identification rate of 99.1%. The ave-
rage LOD value between the offspring and the parents was between 13.30 and 24.70, with a confidence level of 95%.
The number of alleles in the microsatellite locus selected in this study is abundant, and the polymorphism is high. Our
pedigree identification system can quickly and accurately identify the family from the channel catfish breeding popula-
tion.
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