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ABSTRACT

The emergence of next-generation sequencing technologies has lead to application of new computational and statistical
methodologies that allow incorporating genetic information from entire genomes of many individuals composing the population.
For example, using single-nucleotide polymorphisms (SNP) obtained from whole genome amplification platforms such as the
Ilummina BovineSNP50 chip, many researchers are actively engaged in the genetic evaluation of cattle livestock using whole
genome relationship analyses. In this study, we estimated the genomic relationship matrix (GRM) and compared it with one
computed using a pedigree relationship matrix (PRM) using a population of Hanwoo. This project is a preliminary study that will
eventually include future work on genomic selection and prediction. Data used in this study were obtained from 187 blood
samples consisting of the progeny of 20 young bulls collected after parentage testing from the Hanwoo improvement center,
National Agriculture Cooperative Federation as well as 103 blood samples from the progeny of 12 proven bulls collected from
farms around the Kyong-buk area in South Korea. The data set was divided into two cases for analysis. In the first case missing
genotypes were included. In the second case missing genotypes were excluded. The effect of missing genotypes on the accuracy
of genomic relationship estimation was investigated. Estimation of relationships using genomic information was also carried out
chromosome by chromosome for whole genomic SNP markers based on the regression method using allele frequencies across loci.
The average correlation coefficient and standard deviation between relationships using pedigree information and chromosomal
genomic information using data which was verified using a parentage test andeliminated missing genotypes was 0.81±0.04 and
their correlation coefficient when using whole genomic information was 0.98, which was higher. Variation in relationships between
non-inbred half sibs was 0.22±0.17 on chromosomal and 0.22±0.04 on whole genomic SNP markers. The variations were larger
and unusual values were observed when non-parentage test data were included. So, relationship matrix by genomic information
can be useful for genetic evaluation of animal breeding.
(Key words :Relationship matrix, Genomic and pedigree information, Single nucleotide polymorphism, Hanwoo)
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Fig. 2 . Fig. 2 DS1
DS2

DS1 DM1 69%,
DS2 DM2 62%

. Fig. 2 marker
genotyping error SNP

Fig. 1. Numbers of markers by the miner allele fre-
quencies on 44,819 SNP markers in the
number of 290 Hanwoos.

Table 1. Total number of markers, average distance between flanking markers, and fractional missing genotypes
on whole genomic scan by different data sets (including or excluding missing genotypes and parentage
test in the number of 290 Hanwoos

Animals with parentage test
(N=187)

Animals regardless of parentage test
(N=290)

Including missing genotypes (Abbr.) DS1 DS2

No. Markers 32,432 32,567

Ave. distance (Mb)
Std. distance (Mb)

0.078
0.076

0.078
0.076

Prop. missing genotypes (%) 0.363 0.335

Excluding missing genotypes (Abbr.) DM1 DM2

No. Markers 22,342 19,931

Ave. distance (Mb)
Std. distance (Mb)

0.114
0.113

0.127
0.129

Fig. 2. Plots of numbers of SNP markers by each
bovine chromosome (BTA) on each data set
from the number of 290 Hanwoos.
Where DM1: data having paternity test and exclud-
ing miss genotypes, DM2: data including without
paternity test and excluding miss genotypes, DS1:
data having paternity test and including miss
genotypes, DS2: data including without paternity
test and including miss genotypes, Size: chro-
mosomal size (2×105 bp, Snelling at al., 2007).
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Fig. 3. Plots of genomic relationship matrix using
1,476 SNP markers on BTA1 by pedigree relation-
ship matrix and regression coefficient on data
having paternity test and excluding miss
genotypes (DM1) in the number of 187 Hanwoos.

Table 2. Means, standard deviations (SD), minimum
(Min) and maximum (Max) of relationship for
half sibs (548 pairs) by chromosomal SNP
markers (CG) and whole SNP markers (WG)
on data including with paternity test in the
number of 187 Hanwoos

Mean STD Min Max

CG DM1 0.22 0.17 0.15 0.71

DS1 0.22 0.17 0.14 0.71

WG DM1 0.22 0.04 0.11 0.37

DS1 0.22 0.04 0.10 0.37

DM1 = data with excluding miss genotypes,
DS1 = data with including miss genotypes.

Fig. 4. Frequencies of relationships between non-
inbred half sibs using chromosomal SNP
markers (CG) and whole genomic SNP markers
(WG) in the number of 187 Hanwoos.
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Table 3. Means, standard deviations (SD), minimum
(Min) and maximum (Max) of relationship for
animal itself (187 pairs) by each bovine
chromosomal SNP markers (CG) and whole
SNP markers (WG) on data including with
paternity test in the number of 187 Hanwoos

Mean STD Min Max

CG DM1 0.99 0.08 0.81 1.39

DS1 0.99 0.07 0.83 1.39

WG DM1 0.99 0.02 0.93 1.09

DS1 0.99 0.02 0.94 1.10

DM1 = data with excluding miss genotypes,
DS1 = data with including miss genotypes.

Fig. 5. Frequencies of relationships of animal itself (1
+ inbreeding) using chromosomal SNP markers
(CG) and whole genomic SNP markers (WG) in
the number of 187 Hanwoos.
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yij = b0 + b1 loge (xi × xj) + eij yij i j

187
xi(xj) i(j) . Fig. 6

0.89
,

. DS1
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혈통기록이 그릇된 경우를 포함한 자료(2)
103 290

. Fig. 7
290

.
Fig. 7 A 0.25

1.0
.

. Fig. 7 B
,

. Fig. 7 C

Table 4. Regression coefficients (b) and correlations (r)
for relationships by SNP information to relation-
ship by pedigree information on data includ-
ing with paternity test in the number of 187
Hanwoos

Single linkage group1) Whole genomic
information

b r b r

DM1 0.99 0.81 0.99 0.97

DS1 1.00 0.82 1.00 0.98

DM1 = data with excluding miss genotypes,
DS1 = data with including miss genotypes
1) Means of estimates on each chromosome.

Fig. 6. Plot of correlations between genomic relation-
ship matrices estimated from each chromosome
by logarithms of combinations of number of
markers on their chromosomes.
Where LOG_MN = In(M×N), M= number of markers
on first chromosome, N = number of markers on
second chromosome.

Fig. 7. Plots of genomic relationship matrix by pedi-
gree relationship matrix on data including
without paternity test and including miss geno-
types (DS2) in the number of 290 Hanwoos.
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