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ABSTRACT

Maintaining a genetically diverse dairy cattle popula-
tion is critical to preserving adaptability to future breed-
ing goals and avoiding declines in fitness. This study 
characterized the genomic landscape of autozygosity 
and assessed trends in genetic diversity in 5 breeds of 
US dairy cattle. We analyzed a sizable genomic data 
set containing 4,173,679 pedigreed and genotyped ani-
mals of the Ayrshire, Brown Swiss, Guernsey, Holstein, 
and Jersey breeds. Runs of homozygosity (ROH) of 2 
Mb or longer in length were identified in each animal. 
The within-breed means for number and the combined 
length of ROH were highest in Jerseys (62.66 ± 8.29 
ROH and 426.24 ± 83.40 Mb, respectively; mean ± SD) 
and lowest in Ayrshires (37.24 ± 8.27 ROH and 265.05 
± 85.00 Mb, respectively). Short ROH were the most 
abundant, but moderate to large ROH made up the 
largest proportion of genome autozygosity in all breeds. 
In addition, we identified ROH islands in each breed. 
This revealed selection patterns for milk production, 
productive life, health, and reproduction in most breeds 
and evidence for parallel selective pressure for loci on 
chromosome 6 between Ayrshire and Brown Swiss and 
for loci on chromosome 20 between Holstein and Jersey. 
We calculated inbreeding coefficients using 3 different 
approaches, pedigree-based (FPED), marker-based using 
a genomic relationship matrix (FGRM), and segment-
based using ROH (FROH). The average inbreeding 
coefficient ranged from 0.06 in Ayrshires and Brown 
Swiss to 0.08 in Jerseys and Holsteins using FPED, from 
0.22 in Holsteins to 0.29 in Guernsey and Jerseys using 
FGRM, and from 0.11 in Ayrshires to 0.17 in Jerseys 
using FROH. In addition, the effective population size 
at past generations (5–100 generations ago), the yearly 

rate of inbreeding, and the effective population size in 3 
recent periods (2000–2009, 2010–2014, and 2015–2018) 
were determined in each breed to ascertain current 
and historical trends of genetic diversity. We found a 
historical trend of decreasing effective population size 
in the last 100 generations in all breeds and breed dif-
ferences in the effect of the recent implementation of 
genomic selection on inbreeding accumulation.
Key words: dairy cattle, runs of homozygosity, 
inbreeding, genetic diversity

INTRODUCTION

The development of dense SNP arrays has enabled 
the identification of patterns of homozygosity in the ge-
nome. The detection of continuous stretches of the ge-
nome with SNP in a homozygous state, known as runs 
of homozygosity (ROH), was first performed in humans 
(Gibson et al., 2006) and subsequently in domestic 
animal populations (Boyko et al., 2010; Ferenčaković et 
al., 2011; Bosse et al., 2012) to determine the current 
and past demographic histories of these populations. 
These ROH are generated when chromosomal segments 
inherited from each parent are derived from a com-
mon ancestor. Therefore, the characteristics of ROH 
can give insight into population-level dynamics of selec-
tion and inbreeding. The length of an ROH is expected 
to be related to the number of generations that have 
passed since the common ancestor, with short ROH be-
ing derived from a distant past and long ROH being of 
recent origin (Howrigan et al., 2011). The distribution 
of ROH has been extensively used to map the selective 
histories of populations with the knowledge that ROH 
are not randomly distributed across the genome (Zhang 
et al., 2015), and individuals from the same population 
share similar patterns of ROH distribution (Bosse et 
al., 2012). Therefore, continuous regions of the genome 
with a high proportion of individuals exhibiting ROH, 
known as ROH islands, can be used as signatures of 
selection. Detecting selection signatures using ROH-
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loci on BTA6 affecting health, milk and milk compo-
nent yield, and productive life in AY and BS. Current 
weights given to these trait types in selection indices 
created by the US Ayrshires Breeders’ Association and 
the Brown Swiss Association range from 25 to 35% and 
22 to 30% for milk component yield traits, 4% and 4 to 
6% for health traits, and 0 and 8% for productive life, 
in AY (U.S. Ayrshire Breeders’ Association, 2022a) and 
BS (Brown Swiss Association, 2022a) respectively.

The ISL1 and PELO genes identified in the 2.57 Mb 
overlapped region on BTA20 between HO and JE have 
been associated with reproductive and developmental 
traits. The genomic region harboring these genes has 
been previously associated with age at puberty and 

calving difficulty in beef cattle (Fernández et al., 2014; 
Purfield et al., 2020). Furthermore, Hayes et al. (2021) 
found the ISL1 gene to be significantly associated with 
maturity in cattle. Previous studies have reported low 
and positive genetic correlations (rg = 0.22–0.28) be-
tween age at reproductive milestones (puberty, first 
calving) and calving difficulty (Bennett and Gregory, 
2001; Berry and Evans, 2014). We speculate that 
strong selective pressure to decrease age at puberty, 
age at first calving, calving difficulty, or related traits 
has led to high homozygosity in this genomic region in 
HO and JE. Breed-specific selection indices offered to 
Holstein and Jersey breeders have weights on fertility 
and calving traits that range from 2 to 12% and 1 to 

Lozada-Soto et al.: INBREEDING TRENDS IN US DAIRY CATTLE

Figure 5. Effective population size (Ne) from 20 to 5 (a) and 100 to 21 (b) generations ago for 5 breeds.

Popolazioni
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Caratteri associati ai geni:
• Longevità funzionale (ANKRD17, NPFFR2)

• Latte (ADAMTS3, ANKRD17, GC, NPFF2)

• Mastite (GC and NPFFR2)

• Chetosi (ANKRD17)

• Età alla pubertà (ISL1, PELO)

• Facilità di parto(ISL1, PELO)
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I	caratteri studiati

Patologie della mammella
• Mastite (MAST)

Patologie riproduttive
• Metrite (METR)
• Ritenzione della placenta	(RETP)
• Qualsiasi patologia riproduttiva (REPR)

Patologie metaboliche
• Chetosi (KETO)
• Febbre da	latte	(MFEV)
• Dislocazione dell’abomaso (DA)
• Qualsiasi patologia metabolica (META)

Qualsiasi patologia (ANYD)
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Carattere
N.	Animali Incidenza

HO JE HO JE
Quals.	Patol. 354,043 68,292 0.16 0.12
Riproduttive 305,424 41,331 0.07 0.04
Metaboliche 299,014 56,816 0.05 0.03
Mastite 249,516 52,848 0.12 0.11
Metrite 213,256 29,631 0.08 0.04

Ritenzione della placenta 287,503 32,352 0.03 0.01
Chetosi 174,102 26,376 0.07 0.04

Febbre da	latte 228,692 51,336 0.01 0.01
Dislocazione dell’abomaso 221,213 16,631 0.01 0.01

Incidenza delle patologie
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Patologie	riproduttive
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Patologie	riproduttive
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Metrite
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Metrite
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Insorgenza	di	qualsiasi	patologia
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Insorgenza	di	qualsiasi	patologia
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Articolo in	preparazione
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Studio	in	silico:	simulazione

Scambio	di	germoplasma	(tori)	tra	i	centri	AI.
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Studio	in	silico:	simulazione

Genotipi di	individui	campionati	
dai	3	principali	centri	AI	
in	USA.
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Simulazione
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Impatto	di:

1. Metodo	di	selezione	entro	centro	AI.

2. Metodo	di	scambio	tra	i	centri	AI.
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1. Valore	genetico	reale	–	True	Breeding	Value	-	TBV.

2. Valore	genetico	stimato	– Estimated breeding	value - EBV.

a) Anche	penalizzato	per	inbreeding	della	progenie	(PEN-EBV).

3. A	caso	–	Random.
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Metodi	di	scambio	tra	centri	AI:

1. Valore	genetico	reale	–	True	Breeding	Value	-	TBV.

2. Valore	genetico	stimato	– Estimated Breeding	Value	- EBV.

a) Anche	penalizzato	per	inbreeding	della	progenie	(PEN-EBV).

3. A	caso	–	Random.

4. Nessuno	scambio	–	None.
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Impatto	su:
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Impatto	su:

1. Progresso	genetico	(Delta-G).

2. Accumulo	di	omozigosi	(Delta-F).
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Metodi	di	selezione	entro	centro	AI:
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Il	controllo	
dell’accumulo	di	omozigosi
non	compromette
il	progresso genetico	

Metodi	di	selezione	entro	centro	AI:
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Metodi	di	selezione	entro	centro	AI:

Il	controllo	dell’accumulo	di	omozigosi:
-	Non	compromette il	progresso genetico,
- Aiuta a	ridurre l’omozigosi
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Metodi	di	selezione	entro	centro	AI:

Il	controllo	dell’accumulo	di	omozigosi:
-	Non	compromette il	progresso genetico,
- Aiuta a	ridurre l’omozigosi

Questo	approccio	può	essere	usato	anche	per
selezione	entro	mandria.
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Metodi	di	scambio	tra	centri	AI:

Lo	scambio	di	tori	può	
aumentare	il	progresso	
genetico.

Anche	con	il	controllo	
dell’omozigosi	entro	
centro.

Metodi	di	selezione	entro	centro	AI:
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Metodi	di	selezione	entro	centro	AI:

Il	controllo	
dell’accumulo	di	omozigosi
non	compromette
il	progresso genetico	
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Metodi	di	selezione	entro	centro	AI:Lo	scambio	di	tori	tra	centri	AI:
-	Riesce	a	contenere	l’accumulo	di	omozigosi
-	Può	accellerare	il	progresso	genetico
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Metodi	di	selezione	entro	centro	AI:

Lo	scambio	di	tori	tra	centri	AI:
-	Riesce	a	contenere	l’accumulo	di	omozigosi
-	Può	accellerare	il	progresso	genetico

Ciò	può	essere	raggiunto	anche	con	gli
accoppiamenti	programmati	
basati	su	informazione	genomica



63Francesco Tiezzi – Università degli Studi di Firenze

Conclusioni
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Conclusioni

1- Accumulo di	omozigosi dato dalla selezione.

2- Inevitabili conseguenze data	dall’accumulo di	omozigosi.

3- Si	può contenere tale	accumulo:
- Senza	compromettere il	progresso genetico,
- Con	una gestione mirata entro sotto-popolazione e	tra sotto-popolazioni.
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Conclusioni

1- Accumulo di	omozigosi dato dalla selezione.

2- Inevitabili conseguenze data	dall’accumulo di	omozigosi.

3- Si	può contenere tale	accumulo:
- Senza	compromettere il	progresso genetico,
- Con	una gestione mirata entro sotto-popolazione e	tra sotto-popolazioni.

4- Lo	studio	di	certe dinamiche non	è tempo	perso:
Le	stesse conoscenze si possono usare per	l’incrocio.
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Sponsors

• Select	Sires
• 2020-67015-31133	finanziato da	USDA
• US	Holstein	Association
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Chi	ha	lavorato (davvero)

Emmanuel	A.	Lozada	Soto

Grazie a	tutti	
per	l’attenzione!
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Mastite
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Metodi	di	selezione	entro	centro	AI:
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Carattere
N.	Animali Incidenza Vacche affette

HO JE HO JE HO JE
Quals.	Patol. 354,043 68,292 0.16 0.12 0.25 0.20
Riproduttive 305,424 41,331 0.07 0.04 0.12 0.06
Metaboliche 299,014 56,816 0.05 0.03 0.08 0.05
Mastite 249,516 52,848 0.12 0.11 0.18 0.18
Metrite 213,256 29,631 0.08 0.04 0.12 0.07

Ritenzione della placenta 287,503 32,352 0.03 0.01 0.06 0.02
Chetosi 174,102 26,376 0.07 0.04 0.12 0.07

Febbre da	latte 228,692 51,336 0.01 0.01 0.01 0.01
Dislocazione dell’abomaso 221,213 16,631 0.01 0.01 0.02 0.01

Incidenza delle patologie


