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Genomic Selection Signatures in Two French and Swedish Holstein Cattle Breeds 

 Provide Evidence for Several Potential Candidate Genes Linked to Economic Traits  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  INTRODUCTION 
Domestic animals are the product of selection, improve-

ment, and domestication processes and have undergone the 

effects of genetic drift, mutation, and artificial selection 

(Giacomoni et al. 2008). The results of studies on domestic 

livestock have demonstrated that the genetic diversity of 

domestic animals has decreased during the domestication 

process due to various genetic factors such as genetic drift, 

and natural and artificial selection of breeds, as well as the 

use of a small number of breeds for more economic produc-

tion. The decrease in the diversity of these animals has 

caused global concern (Holsinger and Weir, 2009). In this 

regard, using genome information is highly beneficial for 

identifying the population structure and the evolutionary 

history and developing genetic diversity conservation strat-

egies. The identification of the signatures of selection is 

regarded as one of the important and practical aspects of 

population genomic analysis. The signatures of selection 

refer to patterns on the genome that are formed in specific 

 

The genomes of domestic animals have been artificially selected during long periods of domestication and 

have led to many significant changes in their economic traits. Exploring these changes is useful to expand 

our knowledge about the domestication process, understand the complexity of genetic diversity in livestock, 

and make an appropriate breeding decision. The genotypic information of 23 individuals representing 

French and Swedish Holsteins was used to detect signature signs between these two breeds. Quality control 

and data filtering were performed using PLINK software. The principal component analysis was performed 

to determine genetic diversity. In addition, linkage disequilibrium (LD), ancestral, and recent effective pop-

ulation size (Ne) were separately estimated for each breed. The signature of selection was determined by 

the fixation index (FST) statistic. The corrected r
2
 (calculated statistics for LD) between single nucleotide 

polymorphisms (SNPs) decreased with increasing the physical distance from 100 Kb to 7.5 Mb (from about 

0.3 to 0.09 in both breeds). These values were slightly smaller for the French breed. The effective popula-

tion size was estimated at 1775 and 2120 individuals for French and Swedish Holsteins 900 generations ago 

to 31 and 39 in the recent generation, respectively. Overall, three regions with outlier FST values were iden-

tified as the signature of selection. The flanking SNP was mostly located on BTA2, BTA16, and BTA19. 

Candidate genes were found to be associated with SERTAD (liver metabolism and health), SYT14 (meat 

yield and marble levels), IRF6 (immune system), HSD11B19 (heat stress), LAMB3, and (fat deposition). 

Therefore, these potential genes can be considered invaluable genetic resources for future research to at-

tempt to create generations of commercial breeds of cattle.  
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regions of the genome by selective forces (Simianer et al. 

2014). It is of interest to know how domestication is related 

to the corresponding traits or genes and what mechanism 

controls the divergence in the genome sequence for each 

particular breed of cattle (Johnsson, 2018). In addition, ex-

ploring the genetic signature will provide insights into the 

importance of signature sweeps and the genome footprint of 

previous selections related to randomly desirable single 

nucleotide polymorphisms (SNPs) and the history of intro-

gression (Kim et al. 2013; Taye et al. 2017). 

To our best knowledge, cattle are the primary species that 

provide a variety of human needs, such as meat, milk, and 

leather, in addition to being used for work and fertilization. 

Further, this livestock species is divided into two specific 

classes: Bos taurus and Bos indicus. In particular, the do-

mestication of cattle has been estimated to have separately 

occurred around 11000 years ago for both subspecies of 

West Asian cattle (Troy et al. 2001; Orozco-ter Wengel et 

al. 2015). Holstein cattle are globally known as high milk 

producers and are the result of various artificial selection 

constraints. Distributed in over 150 countries worldwide, 

this breed has undergone intense selection, particularly in 

the last few decades and following the introduction of prog-

eny testing-based breeding programs (Groeneveld et al. 

2010; Decker et al. 2014). 

So far, genome-wide association studies have mostly fo-

cused on the relative importance of signature recognition 

tools concerning the act of selection. In response to the se-

lective force, chromosome fragments surrounded by favor-

able alleles are swept close or use the mechanism of the 

hitchhiker effect and consequently introduce a high rate of 

homozygosity patterns into the genome of the examined 

breed (Decker et al. 2014). Therefore, nucleotide variation 

and inheritance patterns within these types of specific loci 

in the genome largely affect crossover and recombination, 

effective population sizes, number of generations, relative 

ages of neutrally linked alleles, bottleneck and founder ef-

fects, type and intensity, and the selection coefficients. 

They also influence the length of chromosome fragments, 

over which the presence of a positive allele is inversely 

swept in proportion to the number of generations of selec-

tion, thereby influencing selection processes (Upadhyay et 

al. 2017).  

It is a well-documented fact that the results of the selec-

tion signature study can aid in the identification of respon-

sible desirable SNPs within candidate genes that control 

economic traits in cattle breeds and raw material for in-

creasing the frequency of favorable alleles during post-

domestication in response to the next-generation breeding 

program (Decker et al. 2014). 

The majority of previous reports have argued that a selec-

tion sweeps for causative mutations within the candidate 

gene controlling certain economic traits is described in dif-

ferent cattle breeds, including GDF-8 and ABCG2 genes 

responsible for muscle development and milk composition 

(Ron and Weller, 2007), as well as CHCHD7, PLAG1, and 

SMAD2 for body size (Zhao et al. 2015). The other breeds 

were the R3HDM1 gene that controls feed intake (Zhao et 

al. 2015) the SIGLEC5 gene as the possible candidate for 

productive lifespan and fertility trait variation (Hardie et al. 

2017) DGAT1 for milk production (Cruz et al. 2019) and 

the XKR4 gene for growth trait (Porto Neto et al. 2012). 

The remaining breeds included the SF2 gene responsible 

for reproduction, MC1R and KIT genes responsible for coat 

color (Petersen et al. 2020), and recognition of good 

knowledge to understand the mechanism of genetic diversi-

ty in each breed of cattle (Pan et al. 2016). 

Although varying reports exist on the identification of 

GWAS-based evidence of signature sweep in cattle breeds, 

limited studies have systematically examined this phenom-

enon in Swedish cattle breeds, which alone may not be suf-

ficient. Accordingly, understanding the genetic structure 

and factors influencing genome variations in well-adapted 

native cattle breeds is the first critical step in developing an 

appropriate breeding program. Therefore, the present study 

intends to use the high-density SNP genotype information 

of two French and Swedish Holstein cattle breeds to charac-

terize the population structure and effective population size 

(Ne) and identify the regions related to the genome of the 

studied cattle breeds that have been affected by natural or 

artificial selection forces. It is expected that the results of 

the study can be useful for analyzing the differences be-

tween the investigated breeds, implementing breeding pro-

grams, and preserving their biodiversity.  

 

  MATERIALS AND METHODS 
Sample collection and breeds 

The study group consisted of 46 individuals (French [n=23] 

and Swedish Holstein [n=23] cattle populations obtained 

from the publicly available database SNPchip. The genomic 

data related to Swedish and French Holstein cattle were 

obtained from the Dryad information repository 

(https://datadryad.org/) and the WIDDE repository (Wid-

de.toulouse.inra.fr/widde), respectively. 

 

Quality control process 

Quality control and filtering were separately performed 

using PLINK software (Purcell et al. 2007) for each popu-

lation. The informative and high-quality genotypes, includ-

ing individuals and SNPs with a call rate of more than 95%, 

SNPs with minor allele frequency (MAF) of more than 1%, 

and Hardy-Weinberg Equilibrium (HWE=0.000001) on 

autosomal chromosomes, were used for further analyses. 

 

https://datadryad.org/
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Principal component analysis (PCA) 

The PCA was performed to examine genetic diversity and 

determine genetic groups using Plink in R (R Development 

Core Team, 2013). The first two principal components 

(PC1 & PC2) were plotted in a two-dimensional graph. 

 

Signature selection analysis using the fixation index 

(Fst) approach 

To better understand the genetic divergence among all 

breeds, FST was calculated using the HierFstat R package 

with the unbiased estimator proposed by Weir and Cocker-

ham (1983).  

The Fst index explains the rate of heterogeneity and 

chromosomal localization of this event between two studied 

breeds. The plink Fst within the script was employed for 

such a calculation. Moreover, the Runnmed script and the 

Manhattan chart were employed to smooth the nose and 

summarize the statistics for each examined chromosome, 

respectively. The threshold line for the p-value was created 

with the z-score and the Lower.tail script in Plink. Carrying 

a P-value of 0.0001, the output was listed as significant loci 

for the first value. FST values less than 0 were converted to 

zeros, and the statistics were then smoothed using the 

Runmed function. 

 

Linkage disequilibriums (LD) and population (Ne) 

The haplotype phase was determined by BEAGLE (version 

3.3.2,) and then Haploview software was used to visualize 

LD (Browning and Browning, 2011). Additionally, the Ne 

was calculated with SNeP, version 1.1 (Corbin et al. 2012; 

Barbato et al. 2015). 

 

Downstream bioinformatics analysis for candidate gene 

annotation 

Genes located in genomic regions, including the consecu-

tive SNPs with a q-value of 0.05, were considered statisti-

cally significant intervals. The boundary for each interval 

was set such that the first flanking SNP was observable (the 

one q value greater than 0.1). Then, protein-coding genes 

were extracted from significant regions using the UMD3.1 

cow reference genome assembly. Next, an extensive litera-

ture review was conducted to comment on the functions of 

the identified genes. Finally, biological pathways and gene 

networks were determined by DAVID 6.8 (Huang et al. 

2009). 

 

  RESULTS AND DISCUSSION 
Of all available SNPs (N=40823) after merging data from 

two studied breeds, 1667 and 512 SNPs were excluded due 

to missing genotypes and MAF, respectively, and finally, 

38643 were retained for subsequent analyses. 

 

The first and second PCAs explained 12.87% and 5.44% 

of the variance, respectively (Figure 1). Based on the PCA 

analysis results, despite the small differentiation, no signifi-

cant or outstanding differentiation was found between the 

two studied breeds (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Principal component analysis (PCA) related to Swedish and 

French Holstein breeds 

 

As expected, the average r2 values decreased with in-

creasing the distance between pairwise SNPs for all the 

studied populations (Figure 2). Differences among French 

and Swedish Holstein breeds were negligible. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 Linkage disequilibrium (LD) decay for increasing distance (Kb) 

for Swedish and French Holstein populations 

 

Ne was estimated from the last 900 to recent generations 

in the present study. Based on the data (Figure 3), Ne de-

creased from the past (900) to the recent generation (4). Ne 

was clear in both Swedish and French Holstein breeds due 

to intensive direct selection for economical traits. 

This analysis represented evidence for the FST index, and 

the mean and weighted Fst between Swedish and French 

Holstein populations were 0.018227 and 0.02093 (no dif-

ferentiation and high closeness), respectively. 

 

 



Genomic Selection Signatures in Holstein Cattle Breeds 
 
 

684-677, 13(4)) 23Animal Science (20Applied  ofIranian Journal  680 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Estimates of effective population size (Ne) over time across the 

last generations based on linkage disequilibrium calculations from 29 

autosomal chromosomes 

 

Significant genomic regions were identified, and it was 

found that the flanking SNP was located mostly on BTA2, 

BTA16, and BTA19, indicating that the annotation of genes 

in these regions revealed several verified and novel candi-

date genes. The identified genes relating to detected regions 

as a signature of selections were associated with a variety 

of traits, including SERTAD (liver metabolism and health), 

SYT14 (meat yield and marble levels), IRF6 (immune sys-

tem), HSD11B19 (heat stress), andLAMB3 (fat deposition). 

Figure 4 illustrates the Manhattan plot of the genomic re-

gions detected by the Fst statistic to be under putative selec-

tion. The dashed lines represent the significant threshold 

level at an FDR of 5% (q-.value<0.05). 

Gene ontology and study of the biological function of the 

highlighted candidate gene illustrated the role of the identi-

fied gene in different cell pathways and functionally, the 

MAPK signaling pathway, cardiac muscle contraction, ad-

renergic signaling in cardiomyocytes, oxytocin signaling 

pathway, voltage-gated cation channels, hypertrophic car-

diomyopathy, and steroid hormone biosynthesis (Figure 5). 

Most livestock were artificially selected during human 

domestication and, consequently, were found to have varied 

desirable traits, behaviors, body sizes, and production. A 

signature sweep is a suitable tool for the identification of 

footprint patterns on their genomes during artificial and 

natural selection. 

PCA is a suitable tool for the recognition of admixture 

and relatedness among the studied Holstein cattle. Our find-

ing (with more than 18% explained variance) demonstrated 

no clear differentiation between the studied populations. 

This is probably because of intensive selection in the Hol-

stein cattle. Kim et al. (2013) reported that intensive selec-

tion programs for milk have been facilitated by mass artifi-

cial insemination since the 1960s, increasing the similarity 

of genomes among North American Holsteins.  

Bodenmüller Filho et al. (2010) evaluated the differences 

between production systems in the Northern region of Pa-

raná using seven characteristics of milk production and 

quality and verified that three main components were suffi-

cient to explain 70.52% of the total variance of the charac-

teristics.  

Moreover, Fraga et al. (2016) assessed the relationship 

between the productive characteristics and the genotypic 

proportions of Holstein and Zebu crossbred dairy cattle and 

observed that the first two principal components accounted 

for 89.4% of the total variance, representing production and 

genotypic components. Likewise, Upadhyay et al. (2017) 

identified genomic relatedness and diversity of Swedish 

native cattle breeds. They found that the first principal 

component (EV1), which explains 5.76% of the total vari-

ance, clearly separated Fjäll, Swedish Polled, Fjällnära, and 

Bohus Polled breeds from the Swedish Red, Väne, and 

Ringamåla breeds. Zhang et al. (2022) identified genomic 

diversity and concludedthat the first and second PCs ex-

plained 6.23% and 2.58% of the variation in the entire ge-

nomic data, respectively. 

During positive selection, allele frequency tends to 

change; therefore, some specific alleles relatively increase 

and then are measurable through long haplotypes and low 

recombination situations. LD is an informative index. It can 

provide useful information about variations related to quan-

titative traits, various evolutionary forces, genetic diversity, 

and population structure and reveal genomic regions affect-

ed by selection. The first reports on the extent of LD in the 

bovine genome described a large LD range (e.g., up to 20 

cM) (Farnir et al. 2000; Tenesa et al. 2003). Further anal-

yses with denser markers confirmed extensive LD but gen-

erally represented lower values (Khatkar et al. 2006). In 

some other studies, two genome-wide studies based on 10K 

SNP data demonstrated that the level of LD is lower than 

what was previously thought (e.g., Sargolzaei et al. 2008; 

Kim and Kirkpatrik, 2009).  

Sargolzaei et al. (2008) for North American Holstein cat-

tle and Kim and Kirkpatrik (2009) reported a strong LD 

(r2>0.8) in the genomic regions of the proportion of SNP 

pairs of the LD patterns of approximately 50 Kb or less, 

which is extremely larger than our results (r2<0.3 for dis-

tances less than 200Kb). 

As mentioned earlier, our findings demonstrated that LD 

decreased with increasing the genomic distance for Swedish 

and French Holstein populations. It was found that the r2 

value decayed below 0.1 after a 7500Kbp distance between 

adjacent SNPs (Figure 2). The low levels of LD have been 

previously reported by Edea et al. (2015) and by Espigolan 

et al. (2013) for Ethiopian (0.14) and Nellore (0.17) cattle 

at a similar genetic distance, respectively.  
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Jemaa et al. (2019) showed more similar LD patterns to 

LIM than the Tuscan breeds with r2 values lower than 0.05 

at larger distances (>0.5 Mbp). In another study, Makina et 

al. (2015) hypothesized that the decay of Tuscan breeds 

was slower than the other local breeds. They studied four 

local African cattle compared with Angus and Holstein 

breeds. In all six breeds, at 1 Mbp, r2 values were lower 

than 0.1 and in the four local breeds (Afrikaner, Nguni, 

Drakensberger, and Bonsmara). In the Chinese Simmental 

breed, Zhu et al. (2013) in the window of 0.5-1 Mbp, the r2 

was 0.05. Similarly, Biegelmeyer et al. (2016) investigated 

LD patterns in Hereford and Braford and found average r2 

values equal to 0.07 and 0.06, respectively. 

Our finding confirmed that the decrease in Ne was clear 

in both Swedish and French Holstein breeds due to inten-

sive direct selection for economical traits.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The estimated Ne for French and Swedish Holstein cattle 

breeds was about 1775 and 2120 at 900 generations ago but 

decreased to 184 and 270, as well as 31 and 39, 40 genera-

tions ago and recent generations, respectively. Decreased 

trends in Ne could be explained by strong selection and the 

use of relatively few elite sires in the breeding process. The 

estimated Ne in the recent generations of this study was less 

than the critical threshold of Ne= 100 estimated for the 

long-term viability of discrete livestock breeds (Meuwissen, 

2009). Kukuˇcková et al. (2017) evaluated the Ne of 15 

European cattle breeds (Ne was equal to ~300 in the 60th 

generation ago. Mokhber et al. (2019) estimated Ne for 

Azari, Khuzestani, and Mazandarani breeds at 1530, 1375, 

and 1141, respectively, for 700 generations ago. Ne for the 

present generation in Azeri, Khuzestani, and Mazandarani 

breeds was estimated at 447, 226, and 35, respectively.  

 

Figure 4 Manhattan plot of the genomic regions detected by the fixation index (Fst) statistic as being under putative selection 
The dashed lines demonstrate the significant threshold level at an FDR of 5% (q-value<0.05) 

 

Figure 5 The mainly detected biological functions related to identified genes from the signature of 

selection 
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Moreover, Kour et al. (2022) investigated Ne for Aruna-

chali yak animals, and the most recent generation (i.e., 13 

generations ago) was estimated to be 83. The Nevalues for 

the Kholmogor breed declined over time, whereas the low-

est NE value was observed for the Yaroslavl breed 5 gener-

ations ago (Ne=111) with a subsequent increase to 118 in 3 

generations ago. The most recent Ne values detected for 

Yaroslavl (Ne5=111) and Kholmogor (Ne5=130) cattle 

were higher than those found in Holsteins (Ne5=95) 

(Zinovieva et al. 2020). 

In this study, the selection signatures were recognized at 

autosomal regions with an FST value higher than 0.05 (Fig-

ure 4). 

The selected genomic regions as a signature of selection 

were mostly located on chromosomes BTA2, BTA16, and 

BTA19, implying that the annotation of genes in these re-

gions revealed several verified and novel candidate genes. 

Moravčíková et al. (2019) analyzed selection signatures in 

the beef cattle genome and concluded that the selection 

signatures were recognized as autosomal regions with an 

FST value higher than 0.2. The identified genes related to 

detected regions as a signature of selections were associated 

with a variety of traits, including muscle development and 

the MYLK (myosin light chain kinase). Strong selection 

signals were identified close to the genes coding the coat 

color of cattle on BTA6 (KIT & KDR) and BTA18 

(MC1R). In cattle, the KIT gene is responsible for pied col-

or patterns also assigned as “spotting loci” (Fontanesi et al. 

2010). The average FST values obtained in the present study 

were close to those observed in different commercial cattle 

breeds. Alejandra et al. (2022) evaluated genetic architec-

ture and signatures of selection with Fst in the Caqueteño 

Creole and found that four of the eight SNPs with signifi-

cant values overlapped candidate genes previously associ-

ated with disease resistance. For example, the TMPRSS15 

gene (BTA1) has been associated with mastitis resistance. 

Additionally, three FST peaks were within the genomic re-

gions of BTA22, and the PGAM2 gene was associated with 

muscle fat deposition, body conformation, tenderness, car-

cass, and meat quality. In addition, the EGFR gene was 

related to adaptation and reproduction in cattle populations 

(Feitosa et al. 2021). Mokhber et al. (2018) studied the sig-

natures of selection with FST in Azeri and Khuzestani buffa-

lo breeds. Based on their results, 13 regions with outlier FST 

values (0.1%) were identified, and related genes were in-

volved in milk production, cytoskeleton organization, 

growth, metabolic function, apoptosis, and domestication-

related changes, including immune and nervous system 

development. Eventually, Zinovieva et al. (2020) investi-

gated selection signatures in the two oldest Russian native 

cattle breeds and observed variations in genetic differentia-

tion between breeds based on FST through the genome. Fu-

ture investigations are necessary to validate the kinds of 

conclusions that can be drawn from this study. 

 

  CONCLUSION 

Currently, SNP chip tools can be applied for identifying 

genomic regions under selection and highlighting the occur-

rence of selective sweep through the whole genome. The 

data related to the genomics of domestication on two cattle 

breeds from Swedish and French cattle were examined in 

the present research. Accordingly, to address the genetic 

structure and evolutionary connectedness of both cattle 

populations, the signature of the selection theory was used 

as a mirror of genome variation during historical changes 

and response for their population size and putative selec-

tion. Significant genomic regions were identified, and 

searching for the flanking SNP confirmed that the annota-

tion of genes in these regions demonstrated several verified 

and novel candidate genes. The highlighted candidate genes 

were associated with a wide variety of traits such as SER-

TAD (liver metabolism and health), SYT14 (meat yield and 

marble levels), IRF6 (immune system), HSD11B19 (heat 

stress), and LAMB3 (fat deposition). The scanning of ge-

nomic signature selection produces invaluable knowledge 

about economic traits in Holstein cattle. Therefore, these 

potential genes can be considered an invaluable genetic 

resource for future research to attempt to create generations 

of Holstein breeds well suited to French, Swedish, and oth-

er countries with the same conditions. Future investigations 

are required to validate the outcomes. 
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