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Comparative Analysis of Different Implementation Strategies on

Genomic Selection in Large White Pigs

DONG Linsong'*, TAN Cheng', CAI Gengyuan'?, WU Zhenfang'**

(1. WENS Foodstuf f Group Co., Ltd., Xinxing 527400, China;
2. National Engineering Research Center for Breeding Swine Industry, College of
Animal Science s South China Agricultural University , Guangzhou 510642, China)

Abstract: At present, genomic selection (GS) has been applied in pigs breeding, but some imple-
mentation strategies, such as the determination of genotyping ratios or early selection rates for
piglets, are required to obtain a higher benefit using this technology. The Large White pigs born
from 2011 to 2016 at WENS Foodstuff Group Co. , .td were chose as the research objects,
including more than 45 000 growth measurement records, more than 70 000 reproduction records
and 2 090 individuals with genotyping-by-sequencing (GBS) data. The 440 individuals born from
July to December in 2016 were used as the candidate individuals. The traits included two growth
traits, age at 100 kg and backfat thickness at 100 kg, and one reproduction trait, number of total

born. To compare the prediction effects, four prediction scenarios were designed according to

s B #3:2020-03-07

EETH ) K4 HAREIE S (2018B030313011) 5 Hv [ 1+ 5 Bl 3 4 W5 B I H (2019M653093)

YEE B v AN (1986-) . 5 I AR B N 11 32 B AR 3 i 43 7 8500 3 % 2= P 5% E-mail: linsong325@163. com; ik i (1988-) . 1 . & #L
SR, E AR Y65 B R R AL 2 BF 58, E-mail : tanch@scau. edu. en, 3 AR 5308k [7] 45 58 k1 2

* BEEE RBI, EENB YR TS E-mail: wzfemail@163. com



2090 = 4 o m

E % W 51 %

including or ignoring the phenotypic or genotypic information of candidate individuals when

predicting their breeding values. The predictive reliability of different scenarios and rankings of

selection indices of individuals would be compared. The results showed that the results using the

phenotypic and genotypic information was more reliable than ignoring them to predict the breed-

ing values of candidate individuals. When genomic selection indices were calculated before and after

performances testing for the growth traits, the individuals ranking in the top 30% of indices after

testing were all found in the individuals ranking in the top 60% of indices before testing. If the

piglets with the top 60% of traditional BLUP indices were only selected, around 15% of individu-

als with good genetic potentials would be omitted. This study suggests that all healthy piglets

after birth are genotyped and their genomic selection indices are calculated, and then the individuals

ranking in the top 60% of indices are chose to perform growth measurement.
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Table 1 Phenotypic statistics for 3 quantitative traits in Large White pigs
PEAR ot P {E P o 22 PN} F/MHE
Trait Number Mean Standard deviation ~Maximum value Minimum value
100 kg & H it /d Age_100 kg 45 554 156. 62 12. 06 221.2 117. 07
100 kg fAHE 3 R /mm BF_100 kg 45 487 12. 20 2.94 29.41 5.01
B/ 3k NTB 72 426 13 3.39 22 3
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Fdi F SNP 43 B &4 (the genome analysis toolkit
4.0,GATK 4. M AT HE P2 SNP 24 . X 7 %
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Table 2 Four scenarios of breeding values prediction for candidate individuals

WS i & YIS HE

Scenario Description Abbreviation Note

J5 % 1 Scenario 1 RN A R R GyPy A2 AR 200 25 5 0 Sk B 4L T GEBV
J5 % 2 Scenario 2 R SRy Gy Py AR 2 T AEAF RS A 5 A R D 2 F il GEBV
J7 % 3 Scenario 3 Jo 3 R B A R A Gy Py AH Y T e 4 45 31 5 A A% 48 BLUP 1l EBV
75 % 4 Scenario 4 TG 3 B #8 J6 5% A Gy Py A Y F A AR 2B 5 A % 52 BLUP Bl EBV

. 7 TR A5 3o T A4 R B I 2 R T T 5 R T Y A R A SR T A R

*. Indicates whether the genomic or phenotypic information of candidate individual was used to predict their breeding values
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R3 ABEIMERMEBEESHEHER

Xt Age 100 kg Fi1 BE_100 kg {4 WU IR A5 78 7] 1)
Aili it 8t A RH DG RIS 2H AN A G . FE AR A G |
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Table 3 Genetic parameter estimates for 3 traits in Large White pigs

Trait

155 HY
Model

B Sl Iy
'R
Narrow sense

Repeatability
heritability

Age_100 kg BLUP #i %]

ssGBLUP #5741

22.32741. 348

22.927+1. 364

BF 100 kg  BLUP # % 1. 654+0. 070 —
ssGBLUP K% 1. 665+0. 069 —

NTB BLUP ##d 0.693+0.056 0.75540.054
ssGBLUP #& % 0.66740.055 0.780%0.053

13.967+£0.479
13.9984-0.478
0.33540.017

0.33840.017

50. 960£0. 804
50. 747=0. 804
2.056+0.039
2.060+0.039
8.999+0. 057

8.999+0. 057

0.256+0.014

0.262=+0.014 —
0.409+0.014 —
0.410+0.014 —
0.066+0.006 0.13940.004

0.064+0.006 0.13940.004

2.2 EGMERAFTHETRN

2.2.1 TR AT EE A Fh 7 0 TN AT S G
A PR, TR VR b, ek A R A B
FLAE B Gy Py 41 B, T AT 5 2 J2 A i A9, Wk
5B T A 4L (P<C0. 01), i 24 3¢ 0 i1 5L R 75
HOBEA (G Py 4D B A1 2 F A7 5 1 A J5 )R 8
BLUP X} EBV gE47 UM , 00 AT &6 4 b 24K F 3
fib £ 2H (P<<0.01) , Tii#E GyPx #1 GNPy PIZH L Fll
Wy SRR O T . Y AT A S R 4 T
M GEBV(GyPy 41) It BLUP il EBV (GyPy 41)
B AT S PEAE Age 100 kg . BF 100 kg Fl NTB 3 4~

AR 23 59 2 v B L A 53, 2%0.52. 8% il 56. 7%,
U B 4ok L R 2 T GEBV [ % #8 BLUP i ) 15
Z X TF AU R Z B T A5 BT M Rk B
S5 J5 i LA W GEBV (Gy Py 40) [ BLUP
U EBV (GyPy 40D (9 7] 5E PE 7E Age _100 kg #il
BF_100 kg |43 51 4 i i b 6 Ry 27. 320 A 20. 1%,
ROCR AL AR B AN H AR G0 A i

FE ] —Fh B0 J7 28 E A 3 APtk B T T AR
PE, BF 100 kg & . Age 100 kg k2, 1fii NTB
2 5 e A THE G HEY 58 42— R, XA LA
KRG EAE GyPy ik S GyPy AR AR R Y .

x4 KEBEIMERETAARPHEMERNTEE (ETHELFRER)
Table 4 Predictive reliability of breeding values of different scenarios for 3 traits in Large White pigs(Mean= SE)

FEIR Trait GyPy Gy Py GuPy G Py

Age_100 kg 0.57340. 001 0. 45840. 002 0.45040. 001 0.29940. 002

BF_100 kg 0. 66340. 001 0.52740. 002 0.55240. 001 0.34540. 002

NTB — 0.29340. 002 — 0.18740. 002
2.2.2  ANTA)ZHLE AR 5P 9E B A i Ol Y Pearson AH 5 B9 + 7 45 3L . AL A H R

W3t 4 FPOT X Age_100 kg F1 BF_100 kg Bl &
FH{E %) Pearson A K45 R 4Nk 5 i 78, Spearman Fk

7 NTB Ak B GyPy Ml GaPy PR 5 28 189 Tl
W25 B HA S PE R 0. 54440, 026, 7F Age 100 kg
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B2 A Bl BF_100 kg Y SE RAE 2 & T Age_
100 kg, i [H Al g J& BF_100 kg (938 /% 1 8 i » 1F
GnPy P & R E 0 A4 28 50 WA . R, Bl
FH 0 At 2 Y PR AF R, L B BN B 7 R AR
5 Gy Py d oA MO B (AR SE P  TT X T 38 %
DAY DOR (IR R NS Bl I VU TR AN EDSY e iR
P JIT 2 v 9 2 B L S [] 2 22 [8) B 7 i (AR O 4

HAR AR —2E . WA A — 4= =Pk, 5 Gy Py 4
U 245 SR AH O f v 9 2 Gy Py 41, Ga Py 41 I
HFX GyPy Ml Gy Py PSR AT A2 R B
KMEIEAH L TE Age 100 kg PR b RAT 4990, i 7E
BF_100 kg 047 66 %0, J48 X 5 41 Y 351 Il n]
FEPEEHEIT . % A9 GyPy 000 7 R B A9 AH G
RO OB AT o F AR B 3K 1P 2 2 2R 2 T A A S
i TR A 2L 1) 0 45 2R 1) 22 i it BRI

5 7£ Age 100 kg 71 BF_100 kg tiX b 4 #7575 E M {E K Pearson HHXFHR
Table 5 Pearson correlations of breeding values predicted by 4 scenarios for Age 100 kg and BF_100 kg

Gy Py Gy Px Gy Py Gn Py
GyPy 0.885+0.016 0.859+0.018 0.669=+0. 027
Gy Py 0.838+0.019 0.660+0.028 0.70040. 026
GyPy 0.77940.022 0.49040. 034 0.81040. 021
Gy Py 0.520+0. 033 0.53040. 033 0.75940.023

T=MA2 Age 100 kg &5, =1 & BF_100 kg 455 CF- B fH £ bRt iR )
The results (Mean®SE) of Age_100 kg are under the diagonal and results of BF_100 kg are upper the diagonal

WL Gy Py dLHEA 1T 30 76 1A R AR
T 132 AN ISR 33X AN A 7 L Ath 25 21 HE 44 X [)
Mo A O (36 6) . 45 R 2 B, i e 0 55 (1 S TR R 4o
F Gy Py A B0 F A AT 600, 1 H A MLy
BB T AR BN AE TR 60201 X 8] 2 4h, &1
1758 1 A J5 48 B 80 BLUP 500 (B G Py 4D . )
GyPy 4l e Mt 5 W9 132 A M rpr o 5 114 A R F

F6 EFB/HEGP AFHANIONHNIMGEREEE
HHRNHERHHER

Table 6 The rank distributions in other groups for the indi-

viduals ranking in the top 30% of selection indices in

group GyPy
Al 20 HE 45 X ]

Ranking intervals in Gy Py Gy Py GnPy
other groups

B 10% 44 30 29
10%~20% 42 31 33
20% ~30% 27 19 20
30% ~40% 13 22 14
40%~50% 3 12 12
50% ~60% 3 3 6
60%~70% 0 5 4
70%~80% 0 5 9
80% ~90% 0 4 3
90 % ~100% 0 1 2

Gy Py ZHI R 6026 DX H] A, 07 o LU 49 5 8504

3 9

A 5T BT £ 10 3 A MR R AE K U B Floh
il 4 R 3% 3k 1 28 5% R, B P4 8L Age 100 kg
1 BF_100 kg 4351 5 5 it S5 v 1 AR K ol B o
PR AT 6, LA K Sl B ER 1 A EL ) et ) FH 8 o A
H R, £ 3 B, iR 3 MR ML S350 9047
TG S R AT R D X 2 Y E
FEGEJE TR A SE B A I 5T T O P A% Al 2 T
SEM . ARAE 20 D WG 45 R b, Age 100 kg
(35t 4% 1Ak A = F BF_100 kg, 5 4B 5% 1E 47 4
S5 UK AT R S A A AT 0 VAl B R v 3 A 2 R s 4
RORE X R IR FE 0, FESR 3 ] LLE B, 5 4L
T2 BAR T 20 I E L 7E Age_100 kg ol 16 %
A7 fH7E BF_100 kg il (3] 7 8. 3% &4 . A5
A S U L R R K [ F= W= P 0]
Age 100 kg TR, HHE Dactwyler 255 ) B 77 2
T RIE T A A M 5 54T ) A A R ORI Bt
1% 57 e v (L 9T I A A R R T A A O 2 R
(DWW LFFIZL I, Age_100 kg 5 BF_100 kg
Wi MR 22 18] 77 76 % (P<<0. 01) 1Y fr 38t 44 40 56,
0 B T IR 1) oo A K T s M G A e R I T
LI o 25 A B TE BOR HEAT S ok e AR HLh
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AR K il A Ry HERA L B GS X H BT P A 5 40 A
AN KR, Bk, #AERS T EHNEL TR
WNEE R SR AR AT DL R GS B R O ik R AT R
AR Bk WL i 0 5 % R E BE FR M b R P T
GS /M.

JS4E BLUP L A] UTEAFAE 2R B i EBV {2
T AR ] 25 2% 00 2R 02 38 o BE SR 4k T 1 ik 25 3 3K
W] — %% N 1 BT A A1 4% i BLUP i i EBV 241
[F) A o 1717 5 R 2 326 4% T DA 4> [R) — 85 9 A4 T i S
[ GEBV, K, /8% F % M BLUP, GS 7¢ 5 1]
PEFE E AN AT AR, % 6 AU 45 R UE S Tk — HE T,
P AW IR G5 A A AEAT R AR T A TR AT 2 [N 4
I ) TG K 25 AR R A T 60 20 AN AR IR AT 1 B
SN BRI, PR A 200 T T 3 AR I 30 V6 I 75 A A 4
HA T H 2B T B PR AL 100 4 BCHE 44 R 60 26 X )
s A MR 7 i e R HE S TR 40 %0 1Y)
AMRAE B KB N T S R Jy . T S AT
BLUP #iill, 4% J5 ¥ £ EBV HE £ 5 57 60 % i 4> 1k
HEAT I 3 AL, ) 23 5 O g 15 00 A 75 AN 1A
PRI s XoF 3 4 A5 Ol 3 2 1 il BSORT BT A (AT
WA TR DNA $2 BORJE BR 43 BY, 3 R AT LA sk Ao

45 ®

AP 538 o S A A i A AR R R R AL R
A5 4 FhJ7 R A B R ME AT R0 455 B R
G 22 I T ) R R o X AN TR I T
TR 5 R B i K 23 A AR D O R
A 8 M 2 S 1) 58 DR 2 308 456 S0t 40 SR < A 5%
A IS AT RE X BT A B A A HE AT [N 20 B o g
DR] 2 19000 R DR 4 7 (O 3 5 8 4 4 2 L e %
TR HE A BT 6000 B A7 $8 HEAT PERE A T — 2
A4 6 o AR o P DR TIEAE A 25 2R 400 75 b 8 LAY i 42
MR ATRE A E AONA .
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