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RESUMO 

Estudo de associação genômica de características reprodutivas em uma população de raça 

holandesa  

O Brasil ocupa uma posição importante dentro da cadeia produtiva do leite no mundo, e 
a eficiência na produção vem sendo discutida em diversas áreas dentro dessa cadeia, entre elas a 
eficiência reprodutiva. Estudo de melhoria e para o melhor entendimento do manejo, da 
alimentação, da sanidade e em termos genéticos tem sido aplicados para compreender como 
otimizar a produção leiteira e torná-la cada vez mais rentável para o produtor. Características 
reprodutivas fenotípica como idade ao primeiro parto, intervalo entre partos e a quantidade de 
inseminações necessárias para vaca ficar prenha são parâmetros para entender e monitorar a 
atividade reprodutiva de um rebanho. O ideal é que a vaca seja precoce e que ela tenha o menor 
intervalo entre partos possível. Já se sabe que características reprodutivas tem baixa herdabilidade, 
sofrendo grande influência do ambiente. Nessa linha se vê necessário conhecer os genes que estão 
envolvidos nesse processo para se ter cada vez mais clareza. Com os estudos de associação 
genômica e os avanços da biologia molecular é possível explicar o fundo genético dessas 
características e com o uso de marcadores moleculares encontramos regiões responsáveis pelas 
origens da variação biológica que nos mostram essas características. Dessa forma, o objetivo desse 
estudo foi identificar regiões genômicas associadas à idade ao primeiro parto (IPP) e ao intervalo 
entre partos (IP) em uma população de bovinos da raça Holandesa. Para identificar as regiões que 
possivelmente alteram o fenótipo, o GWAS foi aplicado no banco de dados de dados fenotípicos 
de (IPP) e intervalo entre partos (IP) de 39.336 filhas e genótipos de 555 touros em 187 rebanhos 
diferentes. Os dados passaram por um controle de qualidade e ao final restaram 75.925 SNPs. Os 
softwares da família BLUPF90 foram utilizados para análise estatística e o modelo animal para 
pedigree conhecido, com as janelas fixas de 10 SNPs e a variância explicada maior que 1,5 %. Os 
genes encontrados totalizaram 34 genes, sendo eles: 24 genes relacionados à IPP e 10 genes para 
IP.  Os principais genes encontrados foram APP, PRSS16 e BTN1A1. Esses genes são ligados à 
resposta imune e podem interferir na resposta do animal à intemperança pós-parto e na 
recuperação do sistema reprodutivo. Os genes CYYR1, PRSS16 e WEE2 são conhecidos por 
estarem relacionados à embriogênese, relacionando-os às características reprodutivas dos animais. 
Alguns dos genes identificados no presente estudo foram associados as características reprodutivas 
e respostas imunológicas dos animais, corroborando com a hipótese de uma expressão genética 
diferente nos animais estudados e indicando a necessidade o desenvolvimento de novos estudos 
nesta área. 

Palavras-chave: Bovinocultura de leite, Características reprodutivas, Raça holandesa, GWAS, 
Interação gênica 
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ABSTRACT 

Genome-wide association study for reproduction traits in a Brazilian Holstein population 

Brazil is in an important position in the world of the dairy productive chain, and the 
efficiency of the production has been discussed in different fields in this chain, among those, 
reproductive efficiency. Studies on improvement for better comprehension of the management, 
dietary intake, sanity, and genetic terms, have been applied to comprehend ways to optimize dairy 
production and turn it more and more profitable for the producer. Reproductive phenotypic 
characteristics such as age at first calving (AFC), calving interval (CI), and quantity of inseminations 
needed to impregnate the cow are parameters for understanding and monitoring the reproductive 
activity of a herd. The ideal is that the cow is as precocious and has the smaller calving interval as 
possible. It is known that reproductive characteristics have low heritability, undergoing great 
environmental influence. In this line, it is necessary to know the genes that are involved in this 
process to have more and more clarity. With genomic association studies and advances in molecular 
biology, it is possible to explain the genetic background of these characteristics and with the use of 
molecular markers, we find regions responsible for the origins of the biological variation that show 
us these characteristics. Thus, this study aimed to identify genomic regions associated with age at 
first calving (AFC), to calving interval (CI), in a population of Holstein cattle. To identify regions 
that possibly alter the phenotype, GWAS was applied to the database of phenotypic data of AFC, 
IC of 39,336 daughters, and genotype of 555 bulls, in 187 different herds, contemporary groups 
were formed and analyzed in GWAS. Data underwent quality control and by the end, there were 
75,925 SNPs. BLUPF90 family software was used for statistical analysis and known pedigree animal 
model, with 10 SNPs fixed windows, and explained variance over 1.5%. A total of 34 genes were 
identified: 24 genes linked to AFC and 10 genes linked to CI. The main genes were APP, PRSS16 
e BTN1A1, once linked to the animal immune response to the postpartum intemperance and to 
the reproductive system recovery. The genes CYYR1, PRSS16 e WEE2 are known to be related to 
embryogenesis, linking them to the reproductive traits of the animals. Some of the identified genes, 
in the present study, were associated with reproductive and immunological characteristics of the 
animals, corroborating the hypothesis of a different genetic expression among the investigated 
animals, and indicating the need for the development of new studies in this field. 

Keywords: Dairy cattle, Reproductive traits, Holstein breed, GWAS, Gene interaction 
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1. BACKGROUND 

Brazil is currently the fourth largest milk producer in the world, with record production in 2020 - 25,53 

billion liters inspected, and with the activity spread all over the country, in all Brazilian states (Anuario do Leite, 2021). 

According to IBGE (2021) (Brazilian Geography and Statistics Insitute, Instituto Brasileiro de Geografia e Estatística), 

the production of milk per cow in 2020 increased, achieving 35,4 billion liters, a 1,5% increase in comparison to the 

previous year, an increase attributed to the individual gain increase, once the effective of 16.2 million cows milked was 

0.8% lower than the previous year. 

These numbers show an increase in the amount of produced milk and a reduction in the amount of milked 

cows, resulting in more efficient and productive animals, partially attributed to the adoption of biotechnologies allied 

to the genetical enhancement and activity management (Barkema et al., 2015; LeBlanc, 2010; Lucy, 2001; Ramírez-

Rivera et al., 2019). Marestone (2013) states that the technologies applied to the agricultural field influence some 

factors, including reproductive efficiency, nutritional and sanitary factors, and estrus identification. These factors 

impact directly the productivity of the dairy cattle, besides their contribution to the delay in the return to ovarian 

activity in postpartum, consequently, with larger service time and intervals between calvings, reduction in lactation 

period, and lower production of calves per year and across cows lifetime. That said, management and reproductive 

efficiency are capable of controlling the calvings, which are influenced by many reproductive traits, as such: age at first 

calving (AFC), calving interval (CI), and numbers of inseminations to pregnancy (Nunes, 2018). Among the main 

factors responsibles for the low efficiency of the Brazilian dairy cattle are those related to the genetic effects, 

enviroment and management. To obtain the maximum production of milk, animals might iniciate their reproductive 

life the earliest as possible, have a service of 120 days, and a CI of 80.5 days (Baimishev, 2018).  

Age at first calving and calving interval are practical measures that translate the reproductive efficiency of 

cattle. Animals that calve for the first time at older ages and have larger CI present lower lifetime production, thus, 

these characteristics have a great economic impact on the farm (Atashi, 2021). Eastham, et al. (2018), states that heifers 

with lower AFC are also more fertile in later stages, and can have CI shortened, enhancing the importance of 

reproductive management on the farm. A high level of production, in this sense, is associated with high reproductive 

efficiency, turning the selection of reproductive characteristics of great importance. In genetic terms, reproductive 

traits usually present low heritability  (Shao et al., 2021), so the adoption of modern technologies of enhancement and 

better techniques of management for a more effective production is fundamental for milk production increase per cow 

(Mwanga, 2018). 

Recent advances in molecular technologies can help with the comprehension of these characteristics and 

an alternative is the usage of molecular markers as single nucleotide polymorphisms (SNPs). The technological 

innovations in this field can be considered an outbreak, once it enable methodologies that allows identifying and 

genotyping SNP type markers- a molecular marker used in phenotype-genotype association studies  (Iung, 2014).  

In line with that, and with aims to increase the precision of the estimations of genetic values, molecular 

information can be added to the evaluation models, which tend to elevate the accuracy of the estimative. Moreover, 

interest genes can be identified by genome-wide association studies (GWAS), which can be incorporated into genomic 

value estimation processes (Calderón-Chagoya et al., 2019; Jiang et al., 2019; Tam, 2019). 

The genomic best linear unbiased prediction single-step method (GBLUP or ssGBLUP) is considered 

simple and efficient. This method takes into account phenotypic, genealogical, and genomic data simultaneously. The 

use of extra information from non-genotyped animals and the independency of pseudo-phenotypes is responsible for 
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precision gain over other genomic methods. (Legarra et al., 2014). According to Wang et al. (2012), the ssGBLUP 

increases both the power and the precision of the analysis, not impacting costs, once it takes advantage of other 

subjects’ phenotypes. 

So, through the genomic association analysis, among which, the ssGBLUP, various genomic regions have 

been associated with fertility characteristics of females in dairy herds, which assist the comprehension of the molecular 

mechanisms linked to the physiological development of bovine reproduction (Berry et al., 2014; Yudin and Voevoda, 

2015).   

 

1.1. Objectives 

To identify genomic regions associated with age at first calving and calving interval in a population of Holstein 
cattle.  
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2. GENOME-WIDE ASSOCIATION STUDY FOR REPRODUCTIVE TRAITS IN A BRAZILIAN 

HOLSTEIN POPULATION 

Abstract 

Background: Genome association studies have contributed to the knowledge of a variety of 
interesting traits in animal production. The present study aimed to evaluate aspects of reproductive traits 
to optimize the efficiency of milk production. For these purposes, we investigated the associations of 
the genotype of bulls with reproductive phenotypic, data of age at first calving (AFC), and calving 
interval (CI), all known as characteristics with low heritability. Methods: To identify the regions that 
possibly alter the phenotype, GWAS was applied to the Brazilian database of phenotypic data on age at 
first calving (AFC) and calving interval (CI) of 39,336 daughters and genotypes of 555 bulls in 187 
different herds. Contemporary groups were formed to analyze GWAS. After quality control 75.925 
SNPs remained for further analysis. Then, by using a software from the BLUPF90 family, statistical 
analyses were performed. The analyses considered an animal model for known pedigree, with the 
window size of 10 SNPs. The genomic windows that explained more than 1.5% were considered. Some 
quantitative trait locus regions associated to both traits here investigated were found, 24 genes related 
to AFC and 10 genes for CI. DAVID was used to verify the functional enrichment of the identified 
genes. Results: APP, PRSS16, and BTN1A1, were identified, Genlinked to immune response and may 
interfere in the animal's response to the postpartum intemperate and recovery of the reproductive 
system. CYYR1, PRSS16, and WEE2 genes were identified in the present study, and are known to be 
related to embryogenesis, linking them to the reproductive characteristics of the animals. Conclusions: 
Some of the genes identified in the present study have been previously associated with reproductive and 
immunological aspects of animals, thus, supporting the hypothesis of a different genetic expression in 
the studied animals, and corroborating the development of further studies in this area 

Keywords: genomic evaluation; single-step GBLUP; reproductive trait; milk production efficiency. 
 

2.1. Introduction 

Dairy producers look for high production and quality in milk as they are the characteristics that generate 

revenue and profitability on the farm.  Marestone et al. (2013) state that technologies applied to the agricultural 

environment influence some factors such as reproductive efficiency, directly impacting the productivity of the dairy 

herd. Elmetwally (2018) said reproductive problems contribute to the delay in the return to ovarian activity in the 

puerperium resulting in a longer service time and calving interval (CI), in addition to reduced lactation with lower 

production of calves per year per cow, for to have an efficient production in dairy farming is necessary to have a 

healthy reproduction. The age at first calving, the interval between calving, and the number of inseminations until 

reaching pregnancy are parameters used to monitor the reproductive efficiency of a herd as they influence births and 

milk production. Proper management and reproductive efficiency allow parturition to be controlled (Nunes, 2018). In 

summary, the decline in fertility reduces the percentage of cows in their production period, which reduces the herd's 

milk production (Norman et al., 2009). 

The main factors responsible for the low reproductive efficiency of dairy cattle herds are those related to 

genetic, environmental, and management effects, which are commonly reflected in an advanced age at first calving 

(AFC) (Cerón-Muñoz et al., 2004). The animals must start their reproductive life as early as possible and have a service 

period of 120 days and a calving interval of 80.5 months (Baimishev et al., 2018). Age at first calving (AFC), defined 

as the period when a calf reaches sexual maturity and can reproduce for the first time, is an important factor in the 
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cost in dairy herds (Atashi et al., 2021), as advanced age at first calving (AFC) and long calving intervals (CI), reduce 

the lifetime production of animals and, consequently, decrease the profitability of the dairy activity. 

Holstein is the most used breed in the production of milk in the world. This breed has significant advantages 

in milk production and some disadvantages, especially in relation to its fitness traits such as the low heritability of 

reproductive traits, such as fertility. Producers have used crosses to test heterosis and arrive at animals that are more 

adapted and suitable for each production system (Brade, 2012). The Holstein breed raised in a tropical environment 

suffers a higher energy expenditure to maintain homeothermy and this can harm production and reproduction. 

Knowing the correct handling techniques and the genomic influences on the traits it is possible to optimize the 

production and reproduction of these animals (Rezende et al., 2015). 

Eastham et al. (2018) state that heifers that conceive earlier and give birth at a younger age are also more 

fertile in later stages and may have a shorter calving interval (CI) length, confirming the importance of reproductive 

management in the profitability of the farm. However, Yokoo et al. (2012) consider that the reduction of age at first 

calving (AFC) and the calving interval (CI) can significantly affect herd productivity due to its influence on calf 

production during the life of the dam and on the female's ability to re-conceive as soon as possible after the first 

delivery. In tropical regions, Holstein animals suffer from the adversities of the climate, so it is important to carefully 

monitor the reproductive indices regardless of the production system, as Bignardi et al. (2015) concluded heritability 

increases as the environment becomes more favorable. 

A high level of production is associated with high reproductive efficiency, making trait selection for traits 

important. In genetic terms, assessments of reproduction traits usually show low heritability (Asadollahi et al., 2020), 

indicating that the use of modern breeding technologies, and improving management practices to obtain a more 

effective production are of fundamental importance for increasing milk production per cow (Mwanga et al., 2019). 

Recent advances in molecular technologies can help understand the behavior of reproductive traits and another 

methodology that works for the same purpose is the use of molecular markers for single nucleotide polymorphism 

(SNP). 

Technological innovations represent a true revolution and have brought methodologies to identify and 

genotype SNP markers (Single Nucleotide Polymorphism), a type of molecular marker used in phenotype-genotype 

association studies (L. H. de S. Iung, 2014), allowing access to innovative information. SNPs can be used in genome-

wide association studies (GWAS), and this strategy is well established for identifying genomic regions related to traits 

of interest in distinct species.  

This study aimed to identify genomic regions associated with age at first calving (AFC) and calving interval 

(CI) in a population of Holstein cattle. 

 

2.2. Methods 

The study was conducted using a dataset of Brazilian Holstein cows obtained from CRV Brazil and bull’s 

genomic data from Cooperative CRV headquarters in the Netherlands. Reproductive data of 39,336 daughters of 555 

bulls from 187 herds were considered for the present study analysis. The inclusion of daughters was conditioned to 

the sires with at least 5 previous progenies. 

In this study, data were obtained from 187 herds, composed by 39336 daughters of 555 bulls, all Brazilian 

Holstein. 
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2.2.1. Phenotypic measurement 

Data for phenotypic measures were obtained from the daughters. There were 43.281 records for age at first 

calving (AFC) with an average of 26.81 months, and calving interval (CI) from the first to the second calving, with an 

average of 410 days.  

Contemporary groups (CG) were formed by concatenating herd; calving season, defined as dry (from April 

to September) and (rainy from October to March); and calving year, considering only the first calving of each cow. For 

AFC, 2,103 CG were formed, containing from five to 219 cows. For CI, 2,137 CG were formed, containing from five 

to 197 cows. 

 

2.2.2. Genotypic data selection 

A custom Illumina 60K chip and Illumina BovineSNP50 BeadChip were used to obtain the genotypic data 

of the 555 bulls (de Roos et al., 2009), which were imputed as described by (Druet et al. (2010). A total number of 

76,438 SNPs and 555 bulls were retained for further analysis after quality control. The quality control was performed 

according to Iung et al., (2019), by removing SNPs with a minor allele frequency (MAF) lower than 0.02 and 

monomorphic (n = 513). No SNPs were removed due to the call rate < 90%. In the end, 555 animals and 75,925 SNP 

remained for the analysis. 

 

2.2.3. Statistical analysis 

To select only the biologically acceptable data, outliers were removed resulting in the calving interval 

between 300 to 600 days only from the first to the second calving with a mean of 409 days and a standard deviation 

of 69,8 days.  For age at the first calving, the acceptable data was from 21 to 39 months with a mean of 26,8 months 

and a standard deviation of 3,42 months.  

The variance components were estimated in the AIREMLF90 software from the BLUPF90 (Misztal et al., 

2002) program family. For AFC, the model included the CG as the fixed effect of group and animal, and residual as 

random effects. For CI, the same model was used with the inclusion of age at measurement as a covariate. Estimations 

were based on the restricted maximum likelihood (REML) method, using the Expectation-Maximization (EM) 

algorithm in the first ten iterations and the Average Information (AI) algorithm in the others.  

The GWAS analyses were based on the single-step GBLUP methodology (Wang et al., 2012), using 

programs of the BLUPF90 family (Misztal et al, 2014). Estimates for the variance components and genetic variance 

were obtained with AIREMLF90 software, using a convergence criterion of 10-12 to determine convergence of the 

estimates with the idea of constructing a hybrid genomic relationship matrix for both genotyped and non-genotyped 

animals; Subsequently, PREGSF90 was used, and BLUPF90 adopted to solve the mixed model equations. The “SNP 

moving average” option from the postGSF90 package (Aguilar et al., 2014) was used to back-solve the genomic 

estimated breeding values and to obtain SNP effects for each trait separately. The window size of 10 SNPs was defined 

based on the average linkage disequilibrium decay in Holstein cattle and on the density of the SNP panel used, following 

similar studies (Atashi et al., 2020; Nayeri et al., 2016; Qanbari et al., 2009). 
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AFC and CI were analyzed using an animal model, described as: 

 

y = Xb+ Za + e 

 

where y is the vector of phenotypic observations for genotyped and non-genotyped animals; X is the 

incidence matrix linking the phenotypic records to the fixed effects; b is the vector of fixed effects, which included age 

at the measurement only for CI and the contemporary group; Z is the incidence matrix linking the phenotypic records 

to each animal; a is the vector of animal additive genetic effects; and e is the vector of residual effects. The inverse of 

the H matrix can be described as (Aguilar et al., 2010): 

 

H-1 = A-1 + [
0 0

0 G-1- A    22
-1 ] 

 

where A is the pedigree relationship matrix for all animals; A₂₂ is the relationship matrix for the genotyped 

animals; and G is the genomic relationship matrix, which was calculated as (VanRaden, 2008): 

 

G = WDW'
𝟏

𝐪
 

 

where W is a matrix of gene content adjusted for allele frequencies, D is a weight matrix for SNP (initially 

D = I), and q =∑ 2p
i
(1-p

i
)M

i=1  is a normalizing factor. 

The SNP effects as well as their weights were calculated in two iterations, as suggested by Lourenço et al. 

(2020). The iterations were performed as proposed by Wang et al. (2012): 

 

D(t) = I 

 

G(t) =
WD(t) W’

∑ 2p
i
(1-p

i
)M

i=1

 

 

where t is the iteration number.  

The SNP effects (ȗ) were obtained as: 

 

ȗ= λDW’G-1ȃg = DW’[WDW’]-1 ȃg 

 

where ȃg is a vector of the animal effects of genotyped animals, which was represented by a function of the 

SNP effects (ȃg = Wu); W is the matrix containing the genotypes for each locus; û is the vector of SNP effects; λ is 

the variance ratio, calculated according to VanRaden, (2008) 

 

D is the diagonal matrix of weights of the SNP variances; and G is the genomic relationship matrix, 

constructed as described above. The following equation was applied to calculate the weights used for the SNPs: 

 

di(t=1)=ûi(t)
2 2p

i
(1-p

i
) 
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where i = SNP i.  

Lastly, the program calculates G with the new marker weights as: 

 

G(t+1) =
WD(t+1) W’

∑ 2p
i
(1-p

i
)M

i=1

 

 

The ssGWAS results were presented as a proportion of the total additive genetic variance explained by the 

genomic windows of 10 adjacent SNPs, as follows: 

 

var(window
i
)

αa
2

 x 100% = 
∑ var(ûj)

10
j=1

αa
2

 x 100% 

 

where windows are the proportion of the total additive genetic variance explained by the genomic window 

i; σ2a is the total additive genetic variance for the trait, and ûj is the effect of SNP j within genomic window i. 

 

2.2.3.1. Gene annotation 

After performing ssGWAS, the genomic windows that explained more than 1.5% were considered (Guarini 

et al., 2019; Marques et al., 2018). Using the Ensemble Genes 69 database incorporated in the Bio Mart tool (Kinsella 

et al., 2011) it was possible to identify the positional candidate genes located in the selected regions. Subsequently, the 

DAVID Bioinformatics database (Huang et al., 2007) was used to perform the functional annotations. 

 

2.3. Results 

In this study, outliers were disregarded and only data from daughters of bulls with at least five progenies were 

kept, totalizing 39,336 daughters of 555 bulls in 187 Brazilian Holstein herds. The final values are described in Table 

1., The AFC range was from 21 months to 39 months, in a pool of 39,156 data. CI ranged from 300 to 600 days, based 

on 39,336 data obtained. 

 

Table 1.  Summary statistics of cows used in genetic analyses 

Trait N Mean 
Standard 
Deviation 

Minimum Maximun 

AFC 39,156 26.81 3.42 21.00 39.00 

CI 39,336 409.99 69.80 300.00 600.00 

Abbreviation(s): age first calving (AFC), calving interval (CI), standard deviation (STD Dev), 
minimum (MIN) and maximum (MAX) obtained for the studied traits 

 

Estimates of heritability and additive, residual, and phenotypic variances of two traits are depicted in Table 2. 

In this work, we focused on age at first calving and calving interval because as observed in Table 2, heritability estimates 

were low for CI and moderate for AFC. 
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Table 2. . Estimates of heritability and variances of two traits 

Trait 

Variances components 

Additive 
(Standard errors) 

Residual 
(Standard errors) 

Phenotypic 
(Standard errors) 

Heritability 
(Standard errors) 

AFC 1.01 (0.095) 6.59 (0.090) 7.60 (0.060) 0.13 (0.012) 

CI 126.77 (20.282) 2523.30 (25.407) 2650.10 19.637) 0.05 (0.008) 

Abbreviations: age first calving (AFC), calving interval (CI) 
 

 
The GWAS analysis showed the effective chromosomes by the Manhattan plot with the percentages of 

additive genetic variance explained by windows of 10 adjacent SNPs for AFC and CI, respectively, represented in 

Figures 1 and 2. The number of relevant SNPs on chromosomes 1, 4, 9, 22, and 23 are presented in Table 3. Only 

genes inside windows with the highest percentage of additive genetic variance were presented, along with other 

technical information about the quantitative trait locus (QTL) regions. 

 

Figure 1. Manhattan plot of additive genetic variance explained by windows of 10 adjacent SNPs for age first calving (AFC). 
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Figure 2. Manhattan plot of additive genetic variance explained by windows of 10 adjacent SNPs for calving interval (CI). 

 

 
 

The quantitative trait locus (QTL) regions associated with the two traits studied had a chromosome in 

common, these traits were presented in chromosome 1. Moreover, 24 genes were found for AFC and 10 for CI within 

specific windows, as described in table 3.  
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Table 3. Quantitative trait locus (QTL) regions associated with age first calving (AFC) and calving interval (CI) 

Trait StartSNP EndSNP VarExp Chr Start position End position Gene 

AFC Hapmap44892-BTA-50337 Hapmap25334-BTA-160518 3,13 1 9.975.525 10.345.714 CYYR1, U6, APP 
AFC Hapmap52823-rs29010271 ARS-BFGL-NGS-36185 2,44 4 104.845.288 105.101.872 AGK, DENND11, WEE2, SSBP1, TAS2R3, 

TAS2R4, PRSS37 
AFC ARS-BFGL-NGS-84349 Hapmap47039-BTA-54432 2,03 22 39.318.252 39.701.144 PTPRG, bta-mir-2369 
AFC BTA-76815 SNP_Z93323_2281 1,67 23 31.269.308 31.703.880 PRSS16, H2AC12, H4C9, H2AC11, ZNF322, 

OR2M17, OR2M14, ABT1, HMGN4, 
BTN1A1, H4C8, H2AC10 

CI Hapmap49612-BTA-44210 BTB-01469883 3,20 1 100.474.672 101.006.056 U6 
CI BTA-84290 AAFC03026264_144120 3,80 9 76.290.504 76.998.832 NHSL1, CCDC28A, ECT2L, REPS1, 

ABRACL, HECA, TXLNB 
CI AAFC03026264_144217  BTA-90741 2,88 9 76.798.928 77.203.568 CITED2, U5, HECA, TXLNB 

Abbreviations: VarExp, variance explained by window; Chr, Chromosome; StartSNP, start position; EndSNP, end position. 

 

http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000050914
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000019265
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000019265
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000021911
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000012461
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000012461
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000012461
http://www.ensembl.org/bos_taurus/Gene/Summary?db=core;g=ENSBTAG00000043293
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This list of candidate genes was submitted to DAVID, a tool for functional annotation bioinformatics 

microarray analysis to perform enrichment analysis to determine biological pathways associated with the genes found 

for each trait separately (Huang et al., 2009; Sherman et al., 2022) and the results were for AFC with p-value and for 

CI as suggestive areas in Table 4. 

 

Table 4. Results of DAVID to perform enrichment analysis to determine biological pathways associated with the genes found for each 
trait separately for age first calving (AFC) with p value and for calving interval (CI) as suggestive. 

TRAIT GO NAME TERM p-value 

AFC ENSBTAG00000016880 TAS2R3  
detection of chemical stimulus involved in sensory 
perception of bitter taste 

<0.001 

AFC ENSBTAG00000018440 TAS2R4 
detection of chemical stimulus involved in sensory 
perception of bitter taste 

<0.001 

AFC ENSBTAG00000054548 H2AC12 chromatin silencing <0.001 

AFC ENSBTAG00000052895 H2AC10 chromatin silencing <0.001 

CI ENSBTAG00000001446 ABRACL ABRA C-terminal like (ABRACL) - 

CI ENSBTAG00000011224 CITED2 
Cbp/p300 interacting transactivator with Glu/Asp 
rich carboxy-terminal domain 2(CITED2) 

- 

CI ENSBTAG00000000245 NHSL1 NHS like 1(NHSL1) - 

CI ENSBTAG00000012299 REPS1 
RALBP1 associated Eps domain containing 
1(REPS1) 

- 

CI ENSBTAG00000015516 CCDC28A coiled-coil domain containing 28A(CCDC28A) - 

CI ENSBTAG00000027312 ECT2L epithelial cell transforming 2 like (ECT2L) - 

CI ENSBTAG00000024595 HECA hdc homolog, cell cycle regulator (HECA) - 

CI ENSBTAG00000002964 TXLNB taxilin beta (TXLNB) - 

Abbreviations: Trait, number GO, Name, Term and p-value; age first calving (AFC) and calving interval (CI) 
 

 

2.4. Discussion 

We found quantitative trait locus (QTL) regions associated with the two traits studied, for AFC we found 24 

genes and 10 for CI within specific windows and they had a chromosome in common, these traits were presented in 

chromosome 1. Some genes already identified are associated with reproduction characteristics. In some cases, we found 

support in the literature for a direct link between AFC and CI. However, for some genes the link to the phenotypes 

was indirect.  

The Cysteine and Tyrosine Rich 1 gene (CYYR1) presents different functions, as transcriptome analysis 

impacting the ovoid to tubular transition and tubular to filamentous transition, in differentially expressed genes 

associated with cellular movement, cell-to-cell signaling, cellular assembly and organization, lipid metabolism, small 

molecule biochemistry and molecular transport (Ribeiro et al., 2016). The CYYR1 was also found in salmons related 

to its down-regulation activity during embryogenesis (Takle et al., 2004). And in another study that evaluated the effects 

of treatment with prostaglandin F2alpha (PGF2A) on the transcriptome responses of the bovine midcycle corpus 

luteum, luteolysis is essential prior to estrous cycle resumption and is a target for improving fertility (Talbott et al., 

2017). In this research, Talbott et al. (2017) showed, that in ruminants CYYR1 was related to the regulation of 

prostaglandin, which directly interferes with reproductive efficiency. That said, it is possible to infer that there is a 

direct influence on the traits studied in AFC, because only with the correct regulation of sex hormones, such as 

prostaglandin, do the heifers enter reproductive age. 

In Nellore heifers, the APP gene is linked to AFC and early pregnancy, which supports that the regions 

found in the present study agree with what is found in the literature (Regatieri et al., 2017). Murata and Petersen (2004) 
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stated that the number of APPs may be associated with early diagnosis, and that is information that allows monitoring 

the health status of a herd. Furthermore, APPs are called acute phase proteins and when associated with antimicrobial 

peptides (AMPs) are immunity gauges necessary for the resolution and elimination of inflammation (Brogden et al., 

2003; Hancock & Scott, 2000). This is a necessary process for normal endometrial involution, being linked to the 

process of restoration of a healthy endometrium for the conception of a new pregnancy in cattle. When APP is found 

in the serum, it is a sign of current or previous uterine inflammation (Chan et al., 2010; Huzzey et al., 2009). In line 

with this, Chapwanya (2012) concludes that postpartum endometrial inflammation and leukocyte infiltration sustained 

by increased expression of pro-inflammatory genes, antimicrobial peptides (AMP), and APP, are expected and 

beneficial responses to the elimination of microorganisms, consequently, restoring ideal conditions for conception.  

Reproductive characteristics related to conception are of great concern for producers, because they are 

extremely important in both herds for meat and for milk production, as they reflect on productive and reproductive 

efficiency. Productive and reproductive efficiency are the main factors influencing gains or lower financial losses for 

the producers. These precocious animals will, thus, start generating profit sooner.  

Anticipation of AFC and pregnancy interval reduction provide an earlier reduction of the investments 

needed by the animals, in comparison to those with late AFC and longer pregnancy intervals (Dono et al., 2013). 

Yet regarding the APP protein, it has been linked to human diseases. Lim (2016) indicated notable 

involvement of the APP gene in human muscle degenerative function, but the factors linking these humans’ diseases 

and animal production traits, and if they share the same pathways and sequence variations remain unclear. In bovines, 

APP was found and recognized as a possible quantitative trait locus (QTL) candidate for further investigation for 

somatic cell count (SCS) in the dairy cattle population (Kolbehdari et al., 2009).  

The PRSS16, serine protease 16, was found linked to the immunological system and consequently with 

adaptability. Serine protease is responsible for immune cell proliferation and its downregulation in pregnancy maintains 

the development of an embryo (Beltman et al., 2013). According to Otto (2018), PRSS16 participates in gene 

interactions consistent with the biology of the immune system, providing adaptability to unpleasant environments. The 

PRSS16 gene encodes TSSP, a precursor associated with disease susceptibility (Serre et al., 2017), so this gene is of 

great interest because a disease following calving will delay the subsequent pregnancy of this cow, thus impacting the 

production. 

BTN1A1, a butyrophilin subfamily 1 member A1, is a gene that shows a relationship with some metabolic 

pathways. In cattle, these metabolic pathways are related not only to milk production but also to the estimated breeding 

value of milk production traits and reproduction parameters (Rychtářová et al., 2014). Nonetheless, Jonchere (2010) 

and Smith & Xue (1997) state that BTN1A1 contains immunoglobulin-like (Ig-like) domains involved in cell-cell 

recognition, cell surface receptors, and immune responses such as the APP gene, and may be involved in the 

postpartum recovery process. In cows, this gene showed that the heat tolerance coefficient was significant (P<0.05) 

during the third month of the lactation season (Al-Whaith et al., 2019). Hu et al. (Hu et al., 2009) state that although 

BTN1A1 function is not completely understood, its expression profile may play a key role in lactation. 

The PRSS37, a serine protease 3, has been described in several functions related to reproduction, such as 

fertility functions, effects in or near genome regions with a signature of selection (Yang, 2015), sperm, including genes 

related to fertilization (Gòdia et al., 2019), and associated with reproductive processes (Selvaraju et al., 2017). 

The gene WEE2 oocyte meiosis inhibiting kinase, in humans, presents a non-hormonal contraception 

function, preventing fertilization of the oocyte when inhibited (Hanna et al., 2020). In cattle, Jiang et al. (2014) showed 

that WEE2 does not have a significant role in embryo development. The WEE2 is related to WEE1 and one of its 
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roles is to inhibit the cell cycle, which is cleaved during apoptosis (Jin & El-Deiry, 2005; Ptak et al., 2011), meaning 

that they automatically control cell wall deterioration, preventing unwanted cells from multiplying. This is interesting 

because it involves the control of viable cells to restore the environment when it is needed. In mice, Sang et al (2018) 

identified that WEE2 deficiency caused fertilization failure and female infertility and that in donkeys, it was involved 

in the development of the oocyte. Hanna (2010) also indicates that the overexpression of WEE2 can delay oocyte 

reentry into the meiosis in mice and monkeys.  

The NHSL1 (Nance-Horan Syndrome-like 1) found in pathways of fertility results in the bull population 

(Parker Gaddis et al., 2016) and in female humans, and seemed to be associated with drug resistance in ovarian cancer 

(Zou et al., 2015). The NHSL1 is linked to cell migration efficiency and cell migration is essential for embryonic 

development (Law et al., 2021).  

In the present study, some of the identified genes were found to be linked to reproduction but not directly 

to functions that accelerate the process of re-conception or precocity, which is expected due to the traits studied. The 

APP, PRSS16, and BTN1A1 genes were previously studied and were associated with the immune response, which can 

be associated with the animal's response to the postpartum intemperance and the rapid recovery of the reproductive 

system to sustain a new pregnancy. The CYYR1, PRSS16, and WEE2 genes were found in studies that relate to 

embryogenesis, which we can associate with reproduction and the traits studied, but with care, as more studies are 

needed to understand the link with the traits of economic interest studied. Most of the genes had already been found 

but in work with other species, which shows us that they have the potential to be explored further with bovine species. 

 

2.5. Conclusion 

We identified some genomic regions that might be associated with the reproductive characteristics of cattle. 

Moreover, this study showed us that it is possible to increase reproductive efficiency in dairy herds, understanding 

more and more the importance of the postpartum recovery of a high-production cow. That said, it is important to 

indicate that genomic studies related to reproduction are on the right path, as some genes had already been found in 

other works and that the increase in reproductive efficiency is related not only to management but also to the cow's 

immune system and adequate postpartum recovery. 
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3. CONCLUSIONS 

Some genes were identified among the investigated animals regarding immune and reproductive traits – 

linked to postpartum intemperance and immune system recovery. Also, genes associated with embryogenesis were 

identified in this population. The findings of the present study shed light on the possibility of selecting animals based 

on their genetic information, so those not attending the criteria can be dismissed in order to improve dairy production. 

Nevertheless, further studies are needed to better enhance the knowledge in this field and to enable the practical 

application of it all. 

 

 




