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Summary

Extended regions of homozygosity (ROH) in the mammalian genomes may be the results of
high level of relatedness in the population or of positive selection for beneficial alleles. ROH
allow estimat the degree of autozygosity at genome-wide level, providing clues for
reconstructing the genetic history of a population. In the present study, a method based on
permutation test for detecting SNP significantly included in ROH is presented. HD genotype
SNP data of 3,009 Italian Holstein bulls were scanned for ROH occurrence. The threshold for
declaring s SNP as significantly included in a ROH was obtained by randomly shuffling
genotypes within animals for each chromosome. The chromosome -wide threshold was the
99th percentile of the distribution of the number of times a SNP occurred in a ROH for a
specific chromosome. Top significant SNP were found mostly on BTAs 6, 7, 14, 21, 26, and
29 in genomic regions known to harbor genes involved in milk traits.
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Introduction

The occurrence of extended regions of consecutive homozygous SNP lociRuns
Homozygosity ROH) in the mammalian genomes may be the result of high level of
relatedness in the population or the consequence of positive selection for beneficial alleles.
ROH allow estimat the degree of inbreeding at genome-wide level, even when no pedigree
information is available (Ferencakovic et al., 2012). In humans, regions of homozygosity are
found to be enriched in deleterious variants involved in complex diseases (Ku et al., 2011).
Moreover, the study of ROH helped to disentangle the recent selection history of cattle and
sheep (Purfield et al., 2012; Purfield et al., 2017). a statistical test for identifying SNP that
significantly belong to a ROH is lacking. In the present study, we suggest a method based on
ROH detection by genotype permutations using a large sample of Italian Holstein bulls. The
aim of this study is to for selecting SNP that frequently occurs into region of homozygosity,
thus interesting for further investigations.

Material and methods

A total of 3,009 Italian Holstein bulls were genotyped with Illumina Beadchip (916
and 2093 animals were assayed at 777k and 54k SNP markers, respectively). Quality control
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was performed in the two datasets independently: bulls with individual call rate <95% and
endelian inconsistency in sire-son pairs <2% were removed; SNP on X chromosome, SNP not
mapping to any chromosome as well as those ones >2.5% missing genotypes were removed.
After data editing the working datasets included 2,024 (44,395) and 900 (734,776) bulls
(SNP) respectively. The 54k bull genotypes were imputed to HD using eagle software
obtaining a final dataset of 2,924 animals.

Data editing, imputation and ROH cwere done using Zanardi package (Marras et al.,
2016). ROH were detected using the following setting: a) minimum ROH size of 50 SNPs; b)
minimum ROH length of 1 Mb; c) minimum distance between SNP of 1 Mb; d) one
heterozygous SNP was allowed in a ROH. The number of times that each SNP fell into a
ROH (SNPROH, %) was also calculated and plotted against SNP genomic position. Aiming at
identifying SNPs frequently into , a permutation approach was adopted to set a chromosome-
wide threshold. Briefly, once that SNPROHwas computed, genotypes were randomly shuffled
within each chromosome and SNPROH was computed again. Shuffling was repeated 1,000
times and the 99 percentile of the chromosome-wide permutated SNPROH values was chosen
as threshold to select interesting SNP. Annotated genes in genomic regions corresponding to
the upper signals detected were derived from the UCSC Genome Browser Gateway
http://genome.ucsc.edu/).

Results and Discussion

A total of 199,594 ROH (95,706 unique) were found. The number of ROH per animal
ranged from 24 to 156 (average, 68.26) with length spanning from 1 to 109.65 Mb (average
5.44 Mb). The number of consecutive homozygous SNP ranged from 51 to 31,079 (on
average 1,740±642 per animal). The length of unique ROH segments and the number of
animals that shared those segments showed a negative exponential relationship (Figure 1a).
Largest values of SNPROH were found on BTA 6, 7, 14, 21, 26, and 29 (Figure 1b). The
highest peak was found on BTA21 (87.9%) between 1.30 and 1.34 Mb (4 SNPs). Large
values of SNPROH were also detected in two genomic regions (~6 and ~78 Mb) of BTA6
(Figure 1c). results were confirmed by the permutation tests (Table 1). In particular, for in
BTA6, 426 SNP located in the abovementioned regions (Figure 1d) exceeded the
chromosome-wide threshold.

Table 1. of upper signals chromosome
Chromosome

Items BTA1 BTA3 BTA4 BTA6 BTA7 BTA8 BTA13 BTA14
Threshold,% 25.8 20 21.8 26.1 29.2 19.4 20.5 24.0
Upper 324 340 219 426 724 570 1619 639

BTA16 BTA17 BTA20 BTA21 BTA22 BTA23 BTA26 BTA29
Threshold,% 24.1 14.3 19.0 21.1 22.0 11.1 20.1 18.4
Upper 642 165 2653 245 455 108 1241 119

Statistics of most frequently occurring ROH are reported in Table 2. A large region on BTA6
located between 5.2 and 6.7 Mb, was shared by about 10% of animals investigated.
Ferenčaković et al. (2012) found this region analyzing ROH in three different cattle breeds.
Among genes that map in this region, the Phosphodiesterase 5A (PDE5A) locus was found to
be related to milk production (Choi et al., 2013). Other genes of interest were found on
BTA26, (between 22.13 and 22.33 Mb), Fibroblast growth factor 8 (FGF8) and Kv channel-



interacting protein 2 (KCNIP2). The same region was highlighted in a previous study on
cattle by Raven et al. (2016).

Figure 1. a) Relationship between ROH length and number of shared ROH; b) Manhattan
plot of SNPROH (%), genome-wide (dashed line) and chromosome-wise (red dots) upper
signals; c) plot of stacked ROH in BTA6; d) Percentage of SNP in ROH in BTA6 with the 99°
percentile of SNP (gray bar) and chromosome-wide (black line) permutated samples.

The Stearoyl-coenzyme A desaturase (SCD) gene is strongly involved with the fatty
acids composition (Kgwatalala et al., 2009). Macciotta et al. (2008) found that SCD is related
with the amount of energy used to produce milk. This gene regulates the activity of the
stearoyl-CoA desaturase (delta-9-desaturase) enzyme and therefore it influences the amount
of monounsaturated fatty acids, CLA and MUFA in milk fat (Rincon et al., 2012).

Table 2. Statistics on the most frequent unique ROHs detected in the Italian Holstein
BTA Start ROH End ROH Length

(Mb)
Frequency
(%)

SNP/genes1 MAF2 Top SNP3

(%)
6 5,252,711 6,752,289 1.50 125 (4%) 58/3 0.03 52.4

5,233,619 6,752,289 1.52 175 (6%) 64/3 0.05 51.6
69,652,403 71,283,949 1.63 148 (5%) 596/9 0.22 17.5

7 96,958,780 98,340,499 1.38 381 (13%) 387/6 0.15 30.9
14 24,263,980 25,332,510 1.07 132 (5%) 289/9 0.08 42.1
21 5,191 1,854,171 1.85 502 (17%) 169/3 0.05 63.4
26 17,563,726 18,680,250 1.12 143 (5%) 343/18 0.18 29.8

19,239,759 20,284,540 1.04 449 (15%) 254/8 0.09 42.3
21,051,662 22,339,074 1.29 142 (5%) 299/25 0.15 43.9

29 38,734,935 39,791,387 1.06 19 (1%) 95/12 0.24 34.6



1 Number of genes found in the span delimited by the starting and ending point of each ROH
2 Average MAF considering all the SNP falling into the ROH
3 Denote the highest SNPROH Peak: the largest number of animal for which the top SNP is included in a ROH.

The proposed methodology was able to identify SNP that map in genomic regions
known to harbour genes involved in milk production traits. These results confirm its validity
and the role of ROH as indicators of selection sweeps.
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