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Summary

The success of genomic selection from a multi-breed reference population is related with the
persistency of linkage disequilibrium (LD) between populations. In this study, we analysed
the genetic architecture of the persistency of LD between the Spanish autochthonous beef
cattle populations. The biological material consisted of 171 trios (sire/dam/offspring) for
seven populations (Asturiana de los Valles – AV-, n=25, Avileña-Negra Ibérica- ANI-, n=24,
Bruna dels Pirineus – BP-, n=25, Morucha –Mo-, n=25, Pirenaica –Pi-, n=24, Retinta –Re-,
n=24 and Rubia Gallega – RG-, n=24) that were genotyped for 777,962 SNPs with the
BovineHD BeadChip. After a standard quality filtering, we reconstructed the haplotype
phases in the parental individuals and calculated the LD between each pair of markers with a
genetic distance lower than 1 Mb. Afterwards, we computed the persistence of LD as the
correlation between the LD measures (r2) with respect to the genetic distance. The results
were analysed globally and within chromosome or genomic region. The results indicated that
the persistence of linkage disequilibrium was heterogeneous and larger in the smaller
chromosomes and in the terminal regions of the chromosomes. Finally, the genomic regions
with the largest or smallest LD persistency were identified.
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Introduction

Advances in the area of molecular genetics have allowed the use of dense SNP panels for
genome-wide association studies (Bush & Moore, 2012) and for prediction of breeding values
for genomic selection (Meuwissen et al., 2001). This last approach is a reality in most of
livestock populations, but has been embraced at a slower pace into the routine selection
schemes of beef cattle. Several causes can be argued for this delay, such as the limited census
of the beef populations and the reduced use of artificial insemination in comparison with
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dairy cattle (Berry et al., 2016). A possible alternative to increase the accuracy of genomic
evaluations is the use of information from a reference meta-population generated from a
number of limited size populations, although the results from experimental data (Kachman et
al., 2013) show little progress. Theoretically, the success of the genomic evaluation from
multiple populations should depends of the persistency of the linkage disequilibrium (LD)
between the populations (de Roos et al., 2008). Therefore, the objective of this study is to
analyse the pattern of linkage disequilibrium persistence between seven Spanish beef cattle
populations along the autosomal chromosomes.

Material and methods

The data used in this study comprised the BovineHD Beadchip genotypes of 171 trios (sire-
dam-offspring) of seven beef cattle breeds (Asturiana de los Valles – AV-, N=25, Avileña -
Negra Ibérica – ANI-, N=24, Bruna dels Pirineus – BP- N=25, Morucha –Mo-, N=25,
Pirenaica –Pi-, N=24, Retinta – Re-, N=24 and Rubia Gallega –RG-, N=24). After filtering
for SNP mendelian errors lower than 0.05 and individual and SNP call rate over 0.95,
707,307 SNP markers were considered. Next, we established the haplotype phases using
BEAGLE (Browning and Browning, 2007) by setting the “TRIO” option. The LD between
each pair of markers within each region was calculated as:

,

where (Falconer and Mackay, 1996), with , representing the homozygous haplotype
frequencies and , the heterozygous ones, and , and are the allele frequencies. To compare
the persistency of LD across populations at a given SNP density, we calculated the Pearson
correlation between the values of LD (r) of markers located closer than 1 Mb in bins of 20 kb.
Finally, we calculated the persistency of linkage disequilibrium as the slope of the logarithm
of these correlations with respect to genomic distance.

First, we used all SNP to calculate the slope of the logarithm of the correlations with
respect to the genomic distance for each pair of populations. Theoretically, this slope can be
equalled to (e-2cT), where c is the recombination rate and T is an estimate the number of
generations of separation between populations, as performed by de Roos et al. (2008). We
assumed a constant recombination rate of 1.25 cM per Mb, as suggested by Arias et al.
(2009).

These estimates were assumed to be known and we used the information provided for
all pair of populations with the same approach E(r)= e-2cT to estimate the recombination rate
(c) as a measure of the persistence of the LD for each specific chromosome, relative position
within the chromosomes and for each specific genomic region of 1 Mb within the autosomal
genome.

Results and Discussion

Initially, we analyse the persistency of LD for all SNPs and for each pair of populations in
order to estimate the number of generations of separation between them. The results differ
depending on the range of genomic distances considered and we restricted the analysis to the
LD within a genomic distance lower than 0.375 cM to ensure a linear relationship (see Figure
1 as representative for all pair of populations). The estimated number of generations of
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separation between populations (Table 1) ranged between 132.3 and 281.9 generations and
they are coherent with the estimates of Cañas-Álvarez et al. (2016) for the same populations.

Secondly, the number of generations of separation between any pair of populations
was assumed to be known and replaced by the estimate obtained from the first analysis. Then,
we estimate the recombination rate (c) for each specific chromosome, relative position within
the chromosomes and for each specific genomic region of 1 Mb. Note that the estimate of the
c may be affected by additional phenomena such as mutation rate or selection. The results of
c per chromosome are presented in Figure 2a. As expected (Jensen-Seaman et al., 2004), the
larger chromosomes present a lower recombination rate (higher persistency of linkage
disequilibrium), confirming the results of Cañas-Alvarez et al. (2016).

Further, the results of the estimated recombination rate per relative physical position
are presented in Figure 2b, where it can be observed that the recombination rate is lower in
the central parts of the chromosome than closer to the telomeres (Nachman, 2002), as it has
been pointed out by Ma et al. (2015) in cattle. Moreover, the results are similar to the results
of haplotype diversity obtained by Mouresan et al. (2017) in the same populations.

Finally, a genomic scan along the autosomal chromosomes is presented in Figure 3.
The genomic regions with lower persistence of LD were located at BTA1 (76.9-77.1 and
90.6-90.8 Mb), BTA6 (113.7-114.6 Mb), BTA8 (69.4-69.5 Mb), BTA12 (75.8-75.9 Mb),
BTA18 (6.7-7.2 and 16.8-16.9 Mb) and BTA22 (0.0-0.4 Mb). Moreover, the genomic regions
with higher persistence of LD were located in BTA9 (0.0-0.3 Mb), BTA12 (41.3-42.6 Mb),
BTA15 (0.0-0.3) and BTA23 (0.8-1.5 Mb). The ratio estimates of the recombination rate
between the genomic regions with the highest (BTA18,7.0-7.1 Mb) and lowest (BTA12,42.3-
42.4 Mb) was 18.29 times. In order to illustrate the differences between these two genome
regions, the results of average and populations pair persistency of LD is presented in Figure 4.
Nevertheless, further research must be done in order to identify the genes located in those
genomic regions and to associate them with biological functions.

The results of this study confirms the heterogeneity along the autosomal genome of
the persistency of LD. Moreover, the results of persistency are coherent between pairs of
populations and, thus, the reasons behind it are intrinsic to the structure of the bovine genome
and caused probably by the mutation or recombination rate. Nevertheless, further
investigations are needed in order to incorporate the information provided by the observed
heterogeneity on the persistence of LD in multi-population genomic selection procedures by
weighting the influence of each genomic region.
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Table 1. Number of generations of divergence between the Spanish beef cattle populations.

AV ANI BP Mo Pi Re RG
AV - 181.2 132.3 160.7 184.1 185.9 157.2
ANI - - 244.9 133.6 268.6 175.1 225.1
BP - - - 232.8 168.1 258.1 176.4
Mo - - - - 252.8 168.8 205.2
Pi - - - - - 281.9 215.3
Re - - - - - - 229.1
RG - - - - - - -
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Figure 1. Persistency of LD measured as the correlation (a) and the log-correlation (b)
between estimates of LD between Re and RG populations and estimates of the slope of the
regression with respect to the genomic distance for different ranges [0-1.250 cM – black, 0-
0.625 cM-green, 0-0.375 cM- red and 0-0.125 cM-blue].
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Figure 2. Estimate of the recombination rate per chromosome (a) and with respect to the
relative physical position in the chromosome (b).
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Figure 3. Persistency of LD along the autosomal genome as measured by the recombination
rates in bins of 100 Kb.



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.285

Figure 4. Average (bold lines) and populations pair specific (transparent lines) persistency of
LD (correlation between populations) in the genomic regions with highest (BTA12,42.3-42.4
Mb, continuous lines) and lowest persistency (BTA18,7.0-7,1 Mb, dotted lines).


