35 % 5 W
2016 4 9 H

© b ok Kk ¥ % R

Journal of Huazhong Agricultural University

Vol.35 No.5
Sep. 2016,68~74

EEHEHPET SNPIRIEHEFERE
K2R AN FE R 77 7%

FLF X B Hek

FR 3t

® K x Fp3 K F

BHRLXKFHDHFFR/ T EAERLGHEARALE > FTAHELERE/BAFAHF LIRS, )M 510642

HE

FF i IR 600 000 4~ SNP #Ric %% e 5 747 ik

FTIXE = % B SNP ARICAR B 76 7 & FEUCh 2247 28 7 508 KR A WRT vk i LR 5 0T %
S5 R R W] X R IE A PR AT % LSNP AR IC BOR T

100 BIFTIEH 100 Y6 B 55 7 % R MR 42 5 X5 12 (9 2915 5 R HEAT W AE 26 1 58 R ARG . SNP AR id BOR T 300 AT 3
TIE 100 26 B4 WA 6 . ARiC T2 MAF SR AR R T g R . 7eR 5 @ 4780 5 i, 241 50 000 #Y
SNP FRig A 1 000 2855 ER AN 10 96 HY F 35 HEAT 26 7 2 8 FE Wi, JEAER I 332.87 s, HLiHSE AR 5 hric B A
WHCR LA, AT S0 HE T PR A% TR B, B0t 6 T 52 T 6 T 008 KOG AR AR PR BL Y 53 1 S8 8 R A e I 72
%07 1B AT 1 RE I, AR A a7 B A R L (ELASHTE B R A DR AR DG T S T AT AT R

KRR RTYE; FEAMW ; SNPIRIC, dE/REEER; W%k

FESES S813 XERFRIRED A

5 B AR S AL B RIS PR AR
FH T S B A 7= v 3R A5 19 3R 1% 8 o 7 7R A . e Al
H A WE NG REHRETLHL R
110 FE 3 L AR 4l 108 R ) A X A . KRN
12% de st W s ik 17% ~21% . BR WS 4 4b, 7E
Gat K Iy fa ) A RS AR R A R A R
MBI ST L X B TR R B Y AR T AR R R R R
N T sk i, 808 N 2 R EC R TR & 4ok sk 4h 2
K T B A 2 AR A8 R 1 S BRI ek
WO, EHE S M TIED H RN RIE RS
AR P S e EN R N TS A LR X NN B i
PR M X 20 4 75 ol 28 5% 20 4 25 v R K
[ B 5 0R RS & 8 R 8L X F AR g 2
A BT L T D SE T S8 8 D VR TE sh i s AL B R R
7 R g T A A EE A

A T 55 7 45 58 W B 10 ) i 5 A DA 2 AR 1
S BTN AS Ak . i 280 0 16 9 B P A0 o L
TR T U H I A DRG0 5 SR 4 K B i B L L2
N A R AR JE 0 S SO0 S B A 7 b 2 B4R KRR
Hilt . BEE DNA K AR W &R, /AN TURN ™ i

Yo B 47 2015-10-30

NERS

1000-2421(2016)05-0068-07

T A (microsatellite) ™ 1% DL Jz B 4% 45 BR £ 78 (single
nucleotide polymorphism, SNP) T 224550 5 5 4
MTETEEMIE ., Hob, D R AR e 2 H A% 1
SEWHE R E ARG, © R T B e g
KEWFEFLEE. M SNP ARic LR R, &3 H
A R e AL RS M L o3 R AR A e AR DU
AR SRS Z B TR AT E R, T )Tz
BT A LSy st vrse . B 0 TR T
SOE MRPERIDT 1 A KINSHIPY [ PAPA™Y
FAMOZ™ [ Cervus™ fl EasyPC''™ %, i $6 5 {f:
K J7 bR T EasyPC GBI & % B2 SNP Aric fb, H
il A #8 2 F H ZD i SNP 8l DA Fric .

UL AR L B B — AT 3 T M E I BE ST A L A —
SEFI] ] v 5 B SNP Aric i W5, 76T e AIF 58 Z 1 #6
e 2 EAT ARG A IE DIAR i LA R B R L Bl 4
JH PR G I A 2720 R DR A R 0 AR L AE X
{1 S S R R BN TS TR B T 10 153 B N5 i
M H 3R 8 A 22 B8R A 52 2% 1 8 1 o DR IE S 1
U E 5 R B HET RS AT 2 BUS AT RHOR KRR, 24
PRICE H it 2w Rl RE JE LB AT . AW 5 AE Hi

FeuEH . BRI CER P H AR K R TTEH (CARS-36) ; BHE & BH L 3L fil M T 4F £ 30 (2014FY120800) ; & A A Bl 2 5 & 1 H

(31200925) ;R4 HARFF# 3L 4T H (2014A030313453)

B onE W AL WFSE T I 4> T AU L 2 S5 Y B . E-mail . yuanyuluo@163.com

WAFIEE: ik

oL R B, DRI S AR B G 2 S E W E A E-mail: zhezhang@scau.edu.cn



LR

BT S BE R IET SNP AR IC 055 %8 KR AR W vk 69

Lok R S R U Y S B e S R 1 T R (U~
Fy s — i LR IR 5 5 AU 42 36 D 41 SNP AR
TCHEAT 28 T 58 SR A WT (08 7 8 L O B UL
8 X092 07 1 19 L P 28R B e PR AT TR A e
B AETT R — b ] By e 8, 52 B R T OOE R g A3
DR B 4l A7 5 1 M BOCRARHEWT B DT IR IR

1 B R®

BB R
A5 R FH 1) B8 4l 1 3 e A A a8 A AR AR L A
F GPOPSIM"“* BBl /B il . SEETHL T 10 AN AR, AF
AHARALE 1 000 DMAKRCET 1 000 AR5 L AEHEAR
Bk R M- R MRS KR, AR L
3.4 I HARVE A IE SR X 4, 3 2 000 SR R, 7EFR
JT BT R RNGE T S 78 S A HE U 45 S 1) o off 2 5
JE BT VAN R A5 b B BL I RO 4y RS T
I3

Xof e R R R 4, JEASEHL T 30 AR e e ik, A AR
R A F 20 000 A FRid . 35 600 000 SR AR ic [A]
SIS . TEHEAT R A5 53 T Z A 6 A B A HE
i i, B/ 55 7 3 F R (minor allele fre-
quency, MAF) <C0.01 A9 SNP i &S0 9 51 B% . 5
x1

1.1

SRR B RE AN A7 AE JC RS o 2 [, T 2k [ Y
HER .
12 BETWUREENEBREBERETERE

BT BRI AR E A B IR AR R 2 AR
fr B LA R AL 07 R B 2 2R, T
R A 7 VR 1 A A R B LB AR U R AT E %o
o A A 25 1 X6, R X A4 155 0 5 R A g —
A XU A K DR 1 388 A2 7 i 2 AT o 8 K gt A% 1) L L
RAEMM LR 1. AR R At a N A7
SEALL 2 1 X0 B]  ANAF 5 o 8 R 8 A% 2 I DU 5 e
FRHEEE DA N A W &R RE R =
Noo/No F350, BB T8 T5 k5 T T BE: (D
DNA FF ity 5 5 F1 5 PR AG I o 2 b oA A5 30 5%
BEDR 5 (2) JOHE Y o BB R, Bl A PR R 73 Y 43R
AR (R 5 2 o BE AL A 3R 0

T b PR R AR S TR AR R
BEHIL A A X T 5C BT S AR ) 3247 o PR B i o
THE L RAFER Pl PE R B DR R Z 50 70 A X
DRI AE (L BRI AT ) o 1o A 00 25 33 1) L A 1 L D
SRS E 5 R s AT DL o HE R R QA A 1 BE
SRS AT Hh IS 2R A L B AR HE IR . 2 T
85 R AR R I B K B IR R M 0.01

ETFWREERRNEBRERAEAN

Table 1 Rules for Mendelian error determination with knownparents genotype

Ja A I 2 XK 5L K B2 4 Combination of parents genotype
Genotype AA Aa aa
of offspring AA Aa aa AA Aa aa AA Aa aa
AA v N X N N P X X X
Aa X J v J J v J J X
aa X X X X J N X J N
W T ERRFF A BRI A X RIS B R B . Note: The “</” shows that it is conformed to the Mendel’s

law and the “X” shows that it is not conformed to the Mendel’s law.
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Table 2 Accuracy of paternity inference with variable number of markers %

FrRic B/ A FIGAEIRFE /% Pedigree error rate
Number of markers 5 10 15 20 25 30
100 94 96 92 97 94 91
200 98 100 99.3 98 99.8 99.7
300 100 100 100 100 100 100
=500 100 100 100 100 100 100

2)SNP #ric MAF Xz kw2 , 78

AT SNP FRIE MAF T I T %07 A A ) 78 i

AR RN AT 3% T 25 TSR AS HE T RO HERT R, 45
SR, YT MAF 7£[0.01,0.2) N AR I 4T %+

S8 SR AT, 2% 1 45 2 MERR R AEIA B 10097,
EfE R AR HRE IR B 9590, mMifE[0.2,0.5] X [A]
PR A [r] 2R 5 158 T 1Y) s S A A DB A o 43
F] 100% (% 3),
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Table 3 Accuracy of parentage identification and paternity inference using SNP markers with different minor allele frequency (MAF)

%
B /N A3 TR R AR AR /% Pedigree error rate

MAF 5 10 15 20 25 30

0.01~0.2 3E T %5 Parentage identification 100 100 100 100 100 100

SEAHEWT Paternity inference 96 94 94 94 97 93

0.20.5 %5 Parentage identification 100 100 100 100 100 100

SEARHEWT Paternity inference 100 100 100 100 100 100

23 BITHE
DARCBOMIZ I B AT RCR I RE W . FEAS [A] &R
TEEE R T RN TR bR 10 B E AT 3 T 48 8 R AR
T 1) 45 SR 2 B 5 1 4 7 I [ B R 52 4801 38
B, I A DG (R ), o P 3 g
Bt 10 000 A~ SNP #5ic , 4 FERT A M 6 s, 4
FRic ZC i #) 50 000 B, %5 BRI 30.7 s, JF H

HERR AN 10020 A T INF 5] -t Fild s 30 K 4 389 i 4
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05 M S I 1A) 22 18] B AR O A 2 i AR L I LA It A
XELZ, B bR IC B i E] 50 000 M, HE W I (A
109.57 s, FEARRIARIC BT 58 I 8] O B A B H &
TR DR A B N S LM R (3R 4D o T HE I I ] R
B ARG B R A B I B, B AR PEARSC (R 5)

R4 TEAREHEADRERRETHEERNE

Table 4 Time demanding for parentage identification with variable number of markers and different pedigree error rate s
B s/ A RIEEE R R /% Pedigree error rate
Number of markers 5 10 15 20 25 30
100 0.29 0.27 0.28 0.30 0.29 0.28
500 0.50 0.49 0.48 0.49 0.49 0.47
1 000 0.70 0.71 0.72 0.72 0.72 0.71
5 000 2.54 2.50 2.51 2.52 2.51 2.51
10 000 5.13 5.13 5.13 5.14 5.13 5.14
15 000 7.91 7.87 7.89 7.87 7.87 7.80
20 000 10.83 10.88 10.86 10.94 10.93 10.99
25 000 14.67 14.66 14.48 14.60 14.68 14.51
50 000 30.29 30.64 30.86 31.07 30.52 30.77
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Table 5 Time demanding for paternity inference with variable number of markers and different pedigree error rate s
Fiic & /A RIEGIR R /% Pedigree error rate
Number of markers 5 10 15 20 25 30
100 0.48 0.84 1.18 1.71 1.96 2.45
500 1.18 2.11 3.02 4.34 5.13 6.37
1 000 1.95 3.59 5.14 7.36 8.68 10.96
5000 8.23 15.16 21.73 31.23 36.75 46.67
10 000 16.08 29.65 42.62 61.30 71.97 91.26
15 000 24.68 45.62 65.42 94.18 111.46 140.58
20 000 35.24 64.50 93.71 135.85 160.97 202.92
25 000 47.01 87.44 126.87 185.06 218.20 277.05
50 000 109.57 208.78 302.01 440.57 526.21 657.83

2) RWEHO LT R B AT RCR I . AR
450 000 N K T %7 VAR A [ B B RO #E AT R
TUEE R FERT i, AT IR B L R 1 28 I (E] A

RIEHBEW B ML XR, K, RikCr 84
Hh 100 45, FEWFEE R R 3.23 s, 58 AT 1 000 4% R %Y
eI 31.47 s, JF HUERIR R 1002 (£ 6) .

K6 TRREHHEERNE
Table 6 Time demanding for parentage identification with different size of pedigrees s
Frid 8/ 4 ZiEH Pedigree size
Number of markers 100 200 300 400 500 600 700 800 900 1000
50 000 2.62 5.42 8.18 11.10 14.07 17.46 20.90 25.69 27.28 31.47
3 W # REIXF] 100 Y0 o 1M 27 A i W7 v A 3 U w3 A1, 35 W)
B e
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Parentage identification and paternity inference

based on SNP markers in livestock population

LUO Yuanyu WU Peng HE Jinlong CHEN Zanmou ZHANG Hao LI Jiagqi ZHANG Zhe

College of Animal Science ,South China Agricultural University/Guangdong Provincial

Key Lab of Agro-Animal Genomics and Molecular Breeding /National Engineering Research

Center for Breeding Swine Industry ,Guangzhou 510642 ,China

Abstract A computer program was developed for parentage identification and paternity inference

based on the single nucleotide polymorphisms (SNPs) of parents and offspring from known livestock

population.Furthermore, the approach was tested with a simulated population with 600 000 SNP mark-

ers.Results showed that at least 100 SNPs are needed for correct parentage identification and a minimum

of 300 SNPs for correct paternity inference. However, using markers with low average minor allele fre-

quency can decrease the accuracy of paternity inference. The time for parentage identification of 1 000

pedigrees with 10% errors genotyped with 50 000 SNPs was 332.87 s, which showed linearly relationship

with the number of markers and individuals.In this study,a computer program was developed for parent-

age identification and paternity inference according to Mendel’s law and testified with markers from

known genotypes of parents and their offspring. The program runs fast and simply with higher accuracy,

and hence can be implemented potentially in relevant studies of genomics in livestock population.
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