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Runs of homozygosity and its application on livestock
genome study
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Abstract: with the rapid development of high-throughput SNP array and significant reduction of sequencing cost, the
techniques of genome-resequencing and SNP chip arrays are widely applied in livestock genomic studies. Long runs of
homozygosity (ROH) arose when identical haplotypes were inherited from each parent and thus a long tract of genotypes is
homozygous. Nowadays, cumulative studies reported that ROH has progressively served as one of the important indexes to
estimate the degree of inbreeding and genetic structure of livestock populations. However, the evaluating criteria of ROH in
livestock is still inadequate. In this review, we introduce the history, theory and identification methods of ROH analysis.
Meanwhile, we also systematically overview the applications and perspectives of ROH in population genetic structure

analysis, genome functional assay, quality investigation and dynamic monitoring of livestock genetic resources.
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Table 1 Comparison of pre-set parameters for identification and characterization of ROH in different animal

species
! zﬁ ; (SNP/kb) (kb)”
Fortran 90 15 = = 1000 [4]
(Bos taurus) PLINK v 1.07 58 1/50 100 500 [10]
PLINK v 1.07 30 - - - [53]
SNP & VARIATION SUITE v 7.6.8 15 1/1000 1000 1000 [5]
SNP & VARIATION SUITEv 7.6.8 50,100 1/50 250 1000 [11]
PLINK v 1.07 - - 1000 - [54]
PLINK v 1.07 50 = = 1000 [55]
SAS 9.2 15 = 1000 1000 [20]
PLINK v1.07 30 - - 1000 [56]
R Development Core team (2018) - 1/50 100 100 [57]
SNP & VARIATION SUITEvV 7.6.8 30 1/100 500 4000 [58]
Perl script 50 = = = [59]
PLINK v1.07 50 1/120 1000 500 [60]
PLINK v1.90 50 1/100 1800 3400 [23]
PLINK v1.90 50 1/50 500 1000 [61]
PLINK v1.90 20,35,50 = = = [62]
vcftools = = = 500 [63]
PLINK v1.90 40 1/100 1000 4000 [24]
PLINK v1.90 10 = 1000 = [64]
cgaTOH 58 1/120 1000 500 [65]
SNP & Variation Suite (SVS) 15 1/1000 1000 1000 [66]
PLINK v1.07 20 1/1000 - 10 [8]

PLINK v1.07 - - - 500 [67]
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! ES ; (SNP/kb) (kb)*

PLINK v1.07 20 1/1000 1000 10 [9]
(Sus scrofa) SNP & Variation Suite (SVS) 30 1/100 100 1000 [68]
PLINK v1.07 10 1/500 1000 5000 [23]
Fortran- 30 1/100 1000 = [24]
PLINK v1.09 50 1/50 - 1000 [69]
PLINK v1.09 - - - 500 [25]
PLINK v1.09 40 - - - [70]
PLINK v1.07 50 - - 500 [71]
PLINK v1.07 50 1/100 1000 [72]
PLINK v1.07 - - 250 500 [73]
PLINK v1.07 20 1/50 500 - [33]
SNP & Variation Suite program 25 = 1000 = [74]
(Ovis aries) PLINK v1.09 - 1/100 250 1000 [34]
PLINK v1.09 - 1/100 1000 1000 [75]
PLINK v1.09 30 1/100 250 1000 [22]
PLINK v1.9 50 - - 500 [76]
PLINK v1.09 50 - - - [77]
In-house script 20 500 2000 [37]
PLINK v1.09 25 1/50 1000 1000 [78]
(Capra hircus) PLINK v1.07 50 1/50 1000 500 [28]
PLINK v1.07 50 - - 400 [29]
PLINK v1.7 1/50 100 500 [30]
(Equus caballus)  p |k v1.07 100 1/50 100 150 [31]
PLINK v1.9 20 1/50 1000 - [38]
PLINK 1.9 - 1/100 - 1000 [39]
(Gallus gallus) PLINK 1.9 = 1/50 = 100 [40]

ROH SNP SNPs

ROH « _»

R2 EBEBHATLEEROH FERURETREEEMERMBFEREXARMEXARSITR
Table 2 Studies of ROH and correlations between the inbreeding from pedigree data and from genome data
through ROH in livestock and poultry species

/ ROH ROH
(Mb) Feeo”, Fron  Freps Feep, Feep, Frep, Feep,
Fror>1 mb Fror>2 Mb Frowsa mb Frons>s Mb Fror>16 Mb

Austrian Simmental 500 = = = 0.64 0.67 0.68 0.68 0.63 [4]
(Bos Multiple breeds 891  — 0.30~5.09% 0.71 = = = = = [10]
taurus)

Brown Swiss 304 98.9 1.30 - 0.66 0.67 - 0.60 0.50 [5]

Fleckvieh 502 94.5 0.44 0.66 0.69 0.70 0.64

Nowegian Red 498 80.0 0.51 0.61 0.61 0.62 0.53

Tyrol Grey 117 72.3 1.88 0.71 0.72 0.71 0.70
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/ ROH ROH
MD)  Foo” Frow Feeo.  Feeor  Feeo,  Feeo oo
Fror>1 mb Froms>2 Mb Fromsa Mb Froms8 Mb FroH>16 Mb
Italian Holstein 2093 81.7 3.6 - 0.70 - 0.69 0.65 0.56 [20]
Sfrsus) Italian Brown 749 94.6 3.9 0.66 0.66 065 058
Italian Simmental 479 94.3 2.2 0.66 0.74 0.76 0.71
Jersey 1602 - - 0.70°/0.71% — - - - - [57]
Cinisara 71 9.38 13.57 0.45 = = = = = [82]
Modicana 72 110.3 12.31 0.27
Reggiana 168 10.42 10.16 0.31
Italian Holstein 96 7.15 11.78 0.44
Holstein 2107 21.2 8.02 0.73 = = = = = [83]
Maasai - 103 17.46 0.90 - = = = = [84]
Tarime 56 13.12 0.75
Sukuma 36 10.65 0.61
Boran 99 9.48 0.56
Friesian 155 9.68 0.54
Brown Swiss 281 21.0 2264 0.45 = = = = = [23]
Braunvieh 3386 18.6 184.6
Origianl Braunvieh 167 8.4 73.7
Holstein 2568 14.2 145.2
Red Holstein 1960 11.2 112.1
Swiss Fleckvieh 547 7.1 75.6
Simmental 248 10.9 96.6
Eringer 36 8.5 66.2
Evoléner 21 15.5 185.7
Iberian 64 - - - 077 - - 081 - [68]
giggfa) Yorkshire 2358 - - 0.69 - - - - - [23]
Guadyerbas 109 = = 0.63 -0.24 - = 0.60 = [24]
Landrace 1178 52.7 252.9 0.24 = = = = = [69]
Large White 1200 614 280.1 0.015
Duroc 1066 16.72 6.75 0.31 = = = = = [70]
Landrace 768 23.19 11.27 0.32
Yrokshire 1111  25.88 11.99 0.53
Crossbred 112 8.25 2.6 0.00
Sorraia 2 4175° 0.19 - - - - - - [29]
(Equus . p
caballus) Dulmen Horse 1 2804" 0.14
Arabian 1 3581° 0.15
Saxon-Thuringian 1 3138” 0.15
Thoroughbred 1 4595 0.20

Hanoverian 4 311° 0.14
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/ ROH ROH
(Mb) Feeo”, Fron Frep,  Feeo, Fren, Freb, Fren,
Frow>1 Mb Frons2 Mb Froms4 Mb Frowss Mb Frow>16 mb
Belclare 304  39.94~ 0.83-3.7 - 0.76 - 0.75° 0.71° - [34]
(acr’i‘gj) Suffolk s 9260 0.54 055"  058°
Texel 248 0.52 0.47°  0.41°
Vendeen 238 0.15 0.15°  0.12°
Alpine 403 15.6 0.45 0.372 - - = = = [77]
E](i:riﬂ';‘;‘ Boer(Ausralia) 61 23.6 0.48
Boer(Canada) 67 31.5 0.42
Cashmere 48 8.0 0.59
LaMancha 81 19.4 0.47
Nubian 54 31.2 0.43
Rangeland 66 5.2 0.38
Saanen 318 16.7 0.45
Toggenb 53 24.1 0.46
ROH ROH ROH 100
SNPs ROH 30 50 80 SNPs ROH NCBI 50 SNPs
39.94~92.61 Mb ROH 0.83~3.7 Mb(ROH =20 Mb) 5 Mb
FROH 10 Mb FROH * -
3 (€] ROH (From) From
ROH Keller [ FroH Feen
McQuillan 1 From (1) Fron
50
(2) Fron
(2) (From)
SNP (3) (3) Feeo
(Ferm) G
[85] [83] SNP
(Frow  From)
44 676
ROH ROH Frep IBD 2
1~10 Mb ROH Fron
Frep
Peripolli  [®4 4 Fron
(Frep  From  Form Fron) ROH Fron  Feep
Fron  Ferm ( 2) ROH
FroH  Frowm Fren
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