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Introduction
• Runs of homozygosity (ROH)

• Segments from both parents are the same in the offspring



Runs of homozygosity (ROH) 
• Number and length of ROH reflect individual demographic 

history
− Long ROHs – recent inbreeding
− Short ROHs – ancient inbreeding

• Investigation of genetic architecture of complex traits or 
diseases - opportunity to dissect genomic regions 
affecting complex traits

• Complementary to GWAS, inbreeding depression studies
and genomic prediction 



Objective

• To estimate the inbreeding using ROH (FROH) in Croatian 
Holstein population

– In order to provide a valuable clue for future research



Material
• 89 Holstein females 

– from 29 herds 
– progenies of 31 sires (CAN, DNK, DEU, FRA, NLD, USA)

• Illumina BovineSNP50K BeadChip – 52,445 SNPs
• Quality control

– autosomal SNPs only
– call rate: SNP 0.05 & animal 0.10
– GC score: >0.7
– 45,661 SNPs and 85 animals



Method
• Identifying ROH (Howrigan et al., 2011 ,Ferenčaković et al., 2013; Meyermans

et al., 2020, Gorssen et al., 2021)

• Sliding window approach
– Homozyg Length (1 Mb) 
– SNP ROH density (1 SNP/150 Kb)
– Homozyg minSNP (44) (Lencz et al., 2007, Purfield et al., 2012) 
– SNP gap (1 Mb)
– Homozyg het (0)     
– Homozyg miss SNP (1)



Method cont…
• PLINK 

– Quality control analysis
– Estimation of lengths of the ROH segments of different size
– ROH length category (1-2 Mb, 2-4 Mb, 4-8 Mb, 8-16, Mb >16 Mb)

• R programme
– Post hoc analysis i.e. estimation of genomic FROH(>4Mb)

FROH(>4Mb)  =
∑𝑖𝑖 𝐿𝐿(𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖)

𝐿𝐿 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑆𝑆𝑆𝑆𝑆𝑆)



Results



Results (1) 
• Individual FROH ‒ from 4.33% to 19.74%
• Average ‒ 10.25%

Povezanost kemijskog sastava s indikatorima boje mlijeka magarica



Results (2) 
• Total of 3,116 autosomal ROHs - from 1.0 to 59.5 Mb 
• ~37 ROHs per animal with an average length of ~6.94 Mb

Povezanost kemijskog sastava s indikatorima boje mlijeka magarica

ROH Category
(Mb)

Frequency 
(%)

Length proportion of category/total length of 
the genome covered by ROHs (%)

1-2 2.7 0.2
2-4 33.9 12.2
4-8 37.0 30.9
8-16 19.3 31.5
> 16 7.1 25.2



Number of ROH per chromosome and average percentage 
of each chromosome covered by ROH



ROH incidence plot

Chromosome 10 – 6 SNPs
Hapmap50760-BTA-69265
BTB-00425665 – ZBTB25
ARS-BFGL-NGS-79865
BTB-00428991
BTB-01890015
BovineHD1000017098
BTB-01524979

Chromosome 20 – 11 SNPs
ARS-BFGL-NGS-107265
Hapmap33504-BTA-154919
ARS-BFGL-NGS-17586
Hapmap39753-BTA-50189
BTB-01424374
Hapmap50991-BTA-50645
ARS-BFGL-NGS-37203
Hapmap35236-BES3_Contig374_812
ARS-BFGL-BAC-32359
BovineHD2000013524
ARS-BFGL-NGS-104898



Correlation between FPED and FROH



Conclusions
• The estimated level of genomic inbreeding in this 

population calls for more attention in designing of mating 
schemes to minimize inbreeding rates

• More samples should be used to get more information on 
this issue (meanwhile 386 available)

• Other breeds for comparison
– Simmental



Future perspective

• Larger number of novel factors will come into play 
during sire or mate selection

• Inclusion of dominance effects
• Exploitation of variation in recombination across the genome
• Increase in use of advanced reproductive technologies 
• Future introduction of gene-editing procedures



https://www.icbf.com/?p=5831

Thank You For Listening

https://thehistorytwins.wordpress.com/2016/10/16/flockin-sheep/
https://www.icbf.com/?p=5831
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