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Introduction 
 

Inbreeding, the method of mating of 

genetically related individuals of a population 

as described by Wright, in 1922 is a vital tool 

in population genetic study of farm animal 

breeding researches as it effects the level of 

genetic variability present between groups of 

animals of a population and affect the 

production potential and fitness levels of 

inbred animals (Saccheri et al., 1996). 

Traditional method of calculating the extent 

of inbreeding in animals involves two 

methods. First method is recording pedigree 

of a particular individual up to a certain 

number of generations and then connecting 

the individual with its ancestors through the 

pathways of distant common ancestors known 

as pathway method (Wright, 1922). The 

second tedious method of estimating 

inbreeding coefficient is Covariance analysis, 

which consumes more time for a complicated 

pedigree. The information generated by 

covariance analysis can be used to quickly 

predict inbreeding values that will be 

produced from any possible mating between 

individuals in the pedigree. 

 

Both the methods have a common and very 

important limitation in calculating the 
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Inbreeding among farm animals is common practice to maintain purity of a specific 

population and also is unavoidable due to use of few male animals compared to large 

number of females in any animal breeding farm. Level of inbreeding practiced in a farm is 

very crucial as the inbreeding depression causes loss of productivity and vitality of the 

breeding animals. Measuring inbreeding coefficient needs pedigree of each animal which 

is often not maintained in most of farms, or is incorrect and limited to a very few 

generations. Runs of homozygosity patterns in genome of individuals can capture 

inbreeding of most distant origin and gives a very accurate picture of level of inbreeding 

present in a farm even in absence of complete pedigree and also are helpful in evolutionary 

studies and selection signatures analysis. 
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accurate value of inbreeding coefficient, i.e. 

the pedigree information of the individual. In 

most of the cases thorough information about 

the ancestors of an individual may not be 

available and the available information may 

be incorrect especially in records where pen 

mating systems are used and it is difficult to 

ascertain the male parent of an individual. 

 

The latest technological revolution in the field 

of genome sequencing has resulted in faster 

and accurate sequencing of entire genome for 

reduced cost and efforts (Bovine Hapmap 

Consortium, 2009). These advances in the 

genomic sequencing has shifted the focus of 

animal breeders from phenotypic inbreeding 

coefficient calculation to genome based 

inbreeding calculation based on Runs of 

Homozygosity (ROH) patterns analysis.  

 

ROH patterns vary between individuals and 

offer tremendous information about an 

individual’s ancestry, production potential 

and also evolutionary studies. This review is 

intended to focus on the importance of ROH 

as a tool in animal breeding studies. 

 

Runs of Homozygosity (ROH) patterns 

 

Availability of high density SNP chip 

information has led to detection of long 

stretches of autozygous regions in human 

genomes (Broman and Weber, 1999). 

Individual autozygosity can be measured 

using Runs of Homozygosity (ROH) (Gibson 

et al., 2006; McQuillan et al., 2008; Keller et 

al., 2011; Ferenčaković et al., 2013), which 

are contiguous homozygous fragments of 

DNA sequence without heterozygosity in the 

diploid state. Broman and Weber (1999) 

stated that ROH are caused by common 

ancestors, and due to recombination events 

interrupting long chromosome segments over 

time, extensive ROH segments are supposed 

to be autozygous stretches originated from 

recent common ancestors. Shorter ROH 

segments originate from distant ancestors or 

may involve some non-IBD stretches 

(Howrigan et al., 2011). 

 

The initial studies on ROH regions were done 

by Gibson et al., (2006) in humans and by 

Sölkner et al., (2010) in cattle. ROH pattern 

analysis involves calculation of genomic 

inbreeding coefficient (FROH) by following 

formula 

 

 
 

In which, LROH is the length of the autosome 

under ROH and Lauto is the total length of 

autosome. Thus FROH being based on entire 

autosome gives a better and accurate value of 

inbreeding. Purifield et al., (2012) compared 

FROH with pedigree based inbreeding 

coefficients (Fped) of 9 different cattle 

breeds, and concluded that pedigree based 

inbreeding values underestimated ancient 

relatedness that may exist among breeds. 

Ferencakovic et al., (2013) studied 4 breeds 

namely Brown Swiss, Norwegian red, 

Fleckveih, and Tyrol Grey for comparing 

pedigree based and ROH based inbreeding 

coefficients and reported higher levels of 

genomic inbreeding values based on ROH 

than that of pedigree based values.  

 

A study of artificial selection on the ROH 

patterns in three contemporary groups of 

Holstein cattle by Kim et al., (2013) revealed 

that genes governing traits of economic 

important traits were found in regions covered 

by ROH. Further the results were validated by 

measuring integrated Haplotype Score (iHS) 

and found that results were consistent with 

that of ROH findings. Changes in patterns of 

ROH between the groups selected and 

unselected for milk production were observed 

on chromosomes 1, 2, 7, and 20, which all are 

proven Quantitative Trait Loci (QTL) for 

milk production.  
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Curik et al., 2014 studied ROH patterns and 

listed the advantages of ROH analysis in 

evaluating inbreeding coefficient as it is 

easier to partition FROH into values for 

individual chromosome or for even a 

particular segment of a chromosome. Second 

advantage being FROH is that the reference 

population is clear: it is based on the 

expectation that two related individuals, or 

two gametes uniting in an individual, will 

share identical chromosomal segments 

(haplotypes) of a certain length, assuming 

they are IBD. Bjelland et al., (2013) used 

three methods to evaluate genomic inbreeding 

from whole genome SNP date of 5853 

animals and concluded that FROH was better 

than Fped and FGRM as only FROH was able to 

differentiate markers that were Identical by 

State (IBS) and Identical by Descent (IBD), 

which is important for evaluating the effects 

of inbreeding. Furthermore, FROH has been 

previously shown to be the most correlated 

with homozygous mutation load and can also 

exploit the concept of a base population more 

effectively than the other measures of 

genomic inbreeding. 

 

Kim et al., (2015) compared pedigree records 

of 966 Jersey animals with molecular data of 

ROH to compare effect of selection, effect of 

ROH on phenotypes and genomic inbreeding. 

In all the cases, inbreeding coefficient based 

on ROH were higher than pedigree estimates. 

Association of ROH with Daughter 

Pregnancy Rate (DPR) and Somatic Cell 

Score (SCS) revealed negative association 

between ROH and DPR on BTA 3, 7, 8, and 

12 suggesting potential influence of local 

autozygosity on fertility. Similarly, 

association test of SCS resulted in the 

directional effect of ROH on the trait. ROH 

that were associated with SCS also affected 

increased FPED on BTA 1, 3, 4, 5, 13, and 21, 

suggesting that elevated homozygosity could 

be involved in the susceptibility to mastitis. 

The genes identified in the regions that were 

significantly associated with DPR or SCS. 

One of the largest clusters from the analysis 

of DPR and SCS, genes affecting cell 

communication and sensory cognition 

(COL4A2, COL4A1, GJA2, GJB3, and 

GJB6) are located on BTA 3 (~40 Mb). 

Annotation of the regions that were associated 

with SCS revealed several interesting genes 

that may be involved in biological pathways 

like immune response, including CBLB (BTA 

1) and NCK1 (BTA 1) that are involved in T 

cell receptor signaling pathway. 

 

Purfield et al., (2017) studied distribution of 

ROH and selection signatures in 3191 sheep 

belonging to six commercial meat breeds. The 

ROH hotspot with the highest occurrences 

was located on autosome 2 and likely 

candidate genes within this region include 

MSTN, ITGAV, BIN1 and NUP35, all of 

which are involved in muscle differentiation. 

Several regions under putative selection were 

identified on autosomes 2, 4, 9 and 23, and 

plausible candidate genes within these regions 

included the fertility related genes NTRK2, 

HECW2, STK17B and ITGB8. 

 

Keller et al., (2011) studied SNP data as a 

function of population size to investigate the 

variation in inbreeding depression. Three 

methods in the study viz. theoretical, 

simulated genetic data, and real genetic data 

were compared to find the optimal estimate of 

inbreeding coefficient and to estimate the 

power to detect inbreeding depression. 

Results indicated that F estimated from runs 

of homozygosity (Froh), which reflects shared 

ancestry of genetic haplotypes, retains 

variation in even large populations (e.g., SD = 

0.5% when Ne = 10,000) and is likely to be 

the most powerful method of detecting 

inbreeding effects from among several 

alternative estimates of F. 

 

ROH patterns, being long stretches of 

homozygous fragments in genome as a result 
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of inbreeding can accumulate many 

deleterious variants across generations which 

can be analyzed to predict occurrence of a 

particular disease or the effect of a particular 

variant in a population. Zhang et al., (2015) 

used tool like Variant Effect Predictor (VEP) 

to check the effect of variant in ROH patterns 

obtained across 4 breeds of cattle and 

classified them as deleterious and non-

deleterious variants. There was a very strong 

positive correlation between the number of 

deleterious homozygotes and the genomic 

ROH proportion. Similarly, the number of 

homozygotes outside of ROH decreased with 

the genomic ROH proportion due to smaller 

non-ROH regions as ROH coverage increased 

and there was a weak negative correlation 

between deleterious homozygotes outside 

ROH and the genomic ROH proportions. This 

indicated that the increased deleterious 

homozygotes in ROH regions exceeded 

deleterious homozygote in non-ROH regions 

in cattle.  

 

This review clearly elaborates that level of 

inbreeding (F) estimated from ROH (FROH) 

has several advantages as compared to 

pedigree estimates (FPED) as follows: 

 

FROH can predict the actual percentage of 

the genome that is autozygous more precisely 

as compared to FPED; 

 

FROH can capture autozygosity arising from 

very distant common ancestors (e.g., 50+ 

generations ago);  

 

FROH can be estimated in any genotyped 

individual, even though pedigree information 

is not available;  

 

FROH offer the possibility to examine the 

distribution of autozygosity across the 

genome and to find specific locations in the 

genome with higher levels of autozygosity 

(e.g., by estimating FROH separately for 

different chromosome; Keller et al., 2011; 

Ferenčaković et al., 2013).  

 

Nothnagel et al., (2009) has reported regions 

of "ROH islands" or "ROH hot spots" in 

humans that are present in more than 50% of 

the individuals studied, which could 

theoretically be an indication of strong past 

selection in these populations. Additionally, 

Pemberton et al., (2012) have revealed that 

ROH patterns are influenced not only by the 

locations of recessive-disease loci, but also by 

population history and mating systems. The 

study of ROH in different populations can 

provide insight into how population history, 

genomic properties, and cultural habits could 

affect the observed islands of ROH in the 

human genome (Pemberton et al., 2012). In 

this sense genome-wide autozygosity can be 

used for recognition of recessive disease 

variants using homozygosity mapping, as well 

as for investigating the effects of genome-

wide homozygosity on important traits 

(McQuillan et al., 2008; Keller et al., 2011).  

 

Thus Runs of Homozygosity (ROH) patterns 

which are actually the byproducts of whole 

genome sequencing can be of great value for 

animal breeders as they can reveal a lot about 

the population’s ancestry, evolution, and also 

the level of actual inbreeding occurring in the 

herd can be calculated even in absence of 

proper pedigree of animals. 
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