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Text S1: Proofs and animal data

Part A: Sample means of breeding values and dominance deviations

The partition of a genotypic value into breeding value and dominance deviation
assuming Hardy-Weinberg equilibrium (HWE) [1,2] can be summarized by Table Al.

Table Al. Breeding value and dominance deviation

Genotype A1A; AlA, ALA;
Number of individuals N, N, N,,
Genotypic frequency: P, =N,/N P, = N.,,/N P, =N, /N
general expression

Genotypic frequency: p? 2pq q°

under HWE

Breeding value a;; = 2qo a, =(q-po a, =—2pa
SNP additive coding 20 = 2-2p g-p =1-2p -2p = 0-2p
Dominance deviation d, =-29% d,, = 2pgs d,, = —2p*3
SNP dominance coding —207 2pq —2p?

a = the average effect of gene substitution, & = dominance effect.

The sample means of breeding values and dominance deviations for the i, SNP are:
a, =1, w,/N)a,; and d; = (X!, w;;/N)3; . To prove these sample means to be null is
toprove » w /N=0and > w_/N=0.Themean of additive SNP coding is:

Z;Wuﬁ/N = P11 x (_Zq) + P12 X (p - q) + Pzz X 2p = (O - zq)Pu + (1_ 2q)P12 + (2 - Zq)Pzz
=(P,+2P,)~2q(P, +P, +P,) =2q9-29=0

where q =P,, +%P12 =1-p=1-(P, +%P12) . The mean of the dominance SNP coding

is:
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Z?:lwﬁij/N =Py, x (—29%) + P, x2pq + P,, x (—2p?)

1 1 1 1
= _2P11(P22 + E Plz)2 + 2P12 (P11 + E Plz)(Pzz + E P12) - 2P22 (Pn + E Plz)2

1 1 1 1 1
= _2P11 (P222 + P12 P22 + Z Plzz) + 2P12 (P11P22 + E P11P12 + E P12 Pzz + Z P122) - 2P22 (P121 + P11P12 + Z Plzz)

1 1
= 2(_P11P222 — PyP,Py + Py PLPy, — P121P22 —PyPLP,,) — E(Pnplzz + P122 P,,) + E P132 + (Pnplzz + P122 P,)

1
= _2P11P22 (Pzz + P12 - P12 + P11 + P1z) + E P122 (P11 + P12 + Pzz)

1
= E P122 - 2P11P22

Under HWE, the above mean of dominance SNP coding reduces to zero.

Part B: Cattle and swine data for comparing genomic relationships and inbreeding
coefficients

A dairy cattle sample with 1654 Holstein cows [3] was used to compare different
definitions of genomic relationships. After SNP selection based on MAF (minor allele
frequency) > 0.05, 41,550 SNP markers remained for analyses. The Holstein pedigree
had about ten generations with genotyped cows in the last 3-5 generations of the pedigree
[4]. A publically available swine genomics dataset from PIC nucleus pig line with
anonymous genome-wide SNP markers and phenotypes [5] was also used to compare
various genomic relationships and inbreeding coefficients. This sample included 3534
animals with Illumina PorcineSNP60 SNP data and five anonymous phenotypes. The
swine pedigree had about 20 generations with genotyped pigs dispersed over almost all
generations. A total of 45,376 SNP markers remained for analyses after filtering with
MAF > 0.05, and proportion of missing SNP genotypes < 0.10. The pedigree of the swine
sample (Figure S1) and the pedigree coancestry and inbreeding coefficients were
produced using Pedigraph 2.4 [6].
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