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Abstract: The accuracy of genetic evaluations in different herds is affected by the degree of genetic connectedness

among herds. In this study, we explored the application of high density SNP markers in the assessment of genetic
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connectedness by comparing the genetic connectedness based on pedigree data and genomic data. Six methods, including
PEVD (prediction error variance of differences between estimated breeding values), PEVD (x), VED (variance of estimated
difference between the herd effects), CD (generalized coefficient of determination), r (prediction error correlation) and CR
(connectedness rating), were implemented to measure the genetic connectedness based on different relationship matrices (A,
G, G;, Go 5 and H). Our results from both simulated data and SNP chip data indicated that, except for the PEVD (x) and
VED methods, the genetic connectedness obtained by PEVD, CD, r and CR based on G. Gs and Gys matrices (using
genome information only) were superior to those based on A matrix (using pedigree information only). Generally, for most
approaches, the genetic connectedness based on H matrix (using both pedigree and genome information) was somewhere
between A matrix and G matrices. CD could overestimate the degree of genetic connectedness as it was still very high when
CR and r were close to 0. The method r could not accurately reflect the true genetic connectedness of the populations. It
generated 0.01 of genetic connectedness for all three pig breeding farms, which were actually genetically different with each
other. With increasing of heritability, the degree of genetic connectedness obtained by all methods were increased as well.
However, in the case of heritability 0.1, PEVD based on A matrix performed better than based on G matrix, suggesting that
traits with medium and high heritability are more suitable for the assessment of genetic connectedness compared to traits
with low heritability. Our findings indicated that high-density SNP markers have advantages over pedigree analysis for the
measurement of genetic connectedness, and CR is a robust and reliable method to assess genetic connectedness.  Further,
CR is easily calculated and less affected by heritability of trait. PEVD is good supplement to quantify the prediction errors
of estimated breeding values under the specific genetic connectedness. In comparison, G matrix can reflect genetic

connectedness better than its extensions Gs and Gy 5 matrix.

Keywords: swine; genetic connectedness; pedigree; genome; relationship matrix
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Table 1 Summary of genetic connectedness obtained by different approaches based on relationship matrices A,G

and H in the 5th generation of simulated data

R KR
Ji ik
A G Gos G H

PEVD 1.6471 1.3218 0.9285 1.5287 1.3725
PEVD(X) 0.0003 0.3248 0.2662 0.4165 0.0016
VED 0.0019 0.3279 0.2690 0.4196 0.0037
cD 0.5882 0.6896 0.6790 0.7366 0.6550
r 0 0.0008 0.7478 NaN 0.0003
CR 0 0.0031 0.9109 0.0035 0.0200
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Table 2 Summary of genetic connectedness obtained by different approaches based on relationship matrices A
and G between three pig breeding farms

HEAR Ik KA
A G G, Gos
BJLM-BBSC PEVD 15.5600 11.9300 12.3100 9.0500
PEVD(x) 0.0200 1.0600 1.1100 0.8600
VED 0.0500 1.0800 1.1300 0.8800
CD 0.5500 0.6700 0.6800 0.6700
r 0 0.0100 0.0200 0.5900
CR 0 0.1500 0.1500 0.9400
BJLM-XJTC PEVD 15.1500 14.1300 13.4300 11.3200
PEVD(x) 0.0200 2.5200 2.3300 2.3000
VED 0.0400 2.5400 2.3500 2.3300
CD 0.5600 0.6200 0.6100 0.6200
r 0 0.0100 0.0100 0.4900
CR 0 0.0700 0.0700 0.8200
BBSC-XJTC PEVD 13.2300 14.5100 13.9800 12.200
PEVD(x) 0.0300 2.1600 2.0500 2.4800
VED 0.0600 2.1900 2.0800 2.5100
CD 0.6200 0.6000 0.5900 0.5900
r 0 0.0100 0.0100 0.4800
CR 0 0.0400 0.0400 0.8200
ooal gﬁ.sﬁ PRG54 2 S o BOR O, TREAAR ] 35 4 G
XITC R 29855 . WER 3 Fon, Rl ARG N, Fra
RREAR T iR T G BRgh R4 Wos BEAR ] 84 ¢
001 L TR AR Wi AR . PEVD. PEVD(X)HI VED il &
PRI, S 5 HAHISS 7 Y, AR
N PEVD. PEVD(X)# VED Z#i K, 500 iR
4 ol
x3 AEHKETF CHEMERMEXRETLER
Table 3 The changes of genetic connectedness based
on G matrix in different generations of
—0.01F simulated data
% Tk AL
5 6 7
002 ool 0 0.01 PEVD 1.3218 1.4136 15150
PCl PEVD(x) 0.3248 0.4380 0.5835
Bl 3RZLBERBIEBERIANER VED 0.3279 0.4412 0.5866
Fig. 1 Principal component analysis of three pig cD 0.6896 0.6733 0.6616
PC1. PC2 ggﬁi%gj;gﬁns:}_ﬁiﬁ BBSC. BJLM. XJTC 4+ 0.0008 0.0001 0
CR 0.0031 0.0002 0

BARFRAL RN T oA PO BB R e 3 KE R AL B
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& 7 KNG SR BR G R B RE R . TN 4 iR,
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WAL S AR KA A H CR LT G FEAR bR B #/)N

MK 4 WA LA 1, 2i5t4% 718 0.3~0.7 i, 7EAH[H]

WAL 71K, PEVD 3T G FEET ABE, HEEA
FWiH I KL 1 0.1, A BEfedl, G B2 .
CD #2# 5 PEVD MFIMHL . PEVD(x). VED
WA 85 KT, 5T G BRRER K, 55
1£ 0.22~0.4 f1 0.22~0.42 Z [A] 48 &, i KF 3T A
FeF1 H MR 0.0003~0.0095 F1 0.0006~0.0063 Fil
0.001~0.012,,

4 BARULWIBE 5 1544 7172 K ,PEVD \PEVD(x)
Fl VED /v, CD. r. CR &K, {HANZEWEREA
PQUS: i

5 TR AR T K N #E RN PEVD 421k
THOL, BT RN PEVD (HJLFYpE % i
&R FAR . nTRAE H, BERP) PEVD 2814
AP SRR PEVD —20, BEIAR N 8] 18 4%
ORI B v THEAR A A Z (1], X R TCIe A4k
)4 J0 5 st A% ORIk, 4 @it f% J17K X PEVD
A RMMBALER- . Hitk, W&l sl
PEVD AR, ASREUEEH B A DCHERE A $2 i o
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Table 4 Summary of genetic connectedness obtained by different approaches based on relationship matrices A,

G and H under different levels of heritability

Sk — A% 71(h?)
0.1 0.3 0.5 0.7
PEVD A 1.8900 1.6500 1.3300 0.9200
G 2.1900 1.3200 0.8900 0.3600
H 1.9000 1.3700 1.0100 0.6500
PEVD(x) A 0.0003 0.0003 0.0003 0.0003
G 0.4000 0.3200 0.2700 0.2200
H 0.0095 0.0016 0.0007 0.0003
VED A 0.0063 0.0019 0.0010 0.0006
G 0.4200 0.3300 0.2700 0.2200
H 0.0120 0.0040 0.0020 0.0010
CD A 0.5300 0.5900 0.6700 0.7700
G 0.4900 0.6900 0.7900 0.9200
H 0.5200 0.6600 0.7500 0.8400
r A 0 0 0 0
G 0.0003 0.0008 NaN NaN
H 0.0003 0.0003 NaN NaN
CR A 0 0 0 0
G 0.0020 0.0030 0.0030 0.0100
H 0.1500 0.0200 0.0090 0.0050
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Table 5 Averaged genetic connectedness (PEVD) within group under different levels of heritability

EZTS KR e
0.1 0.3 0.5 0.7
1 A 1.8900 1.6500 1.3300 0.9200
G 1.7400 0.9600 0.6300 0.0800
H 1.8800 1.1000 0.6900 0.3700
2 A 1.8900 1.6500 1.3300 0.9200
G 1.8300 1.0400 0.6000 0.2100
H 1.8900 1.6500 1.3300 0.9200
3 Wi TP 2 AR, DRI LT £ IR, 5

3.1 BZEE SNP fRidfEiT B LBRAMKE
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