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Highlights

Ancestry results confirmed Holstein contribution in crossbred animals in Nariño. 

Genetic diversity within subpopulations showed average Ho of 0.40 and He of 0.36.

Fst results ranged from 0.01 to 0.47 with significant differences in some cases. 

Abstract

In Colombia, different dairy breeds were introduced from Europe and the United States, which underwent 
different crossing and selection processes that generated specific qualities or differences and which 
likely have their own genomic structure. To characterize genetic diversity, population structure, and 
admixture, we used genotypes from 23,182 autosomal single nucleotide polymorphisms (SNPs) of 130 
animals representing four dairy cattle breed groups from Nariño. In addition, we merged genotypes 
from 43,043 autosomal SNPs, from 137 animals from the Decker database (Decker et al., 2014) (DRYAD 
doi:10.5061/dryad.th092). After the quality control process of pruning the merged dataset, we were left 
with 7,475 autosomal SNPs shared by both databases of Nariño (127 samples) and Decker (135 samples). 
Genetic diversity levels were moderate in all breeds (average observed heterozygosity = 0.40). Based on 
the fixation index values, we conclude that Brahman individuals were more differentiated than the taurine 
breeds (-0.374 to 0.076 for Brown Swiss). Pairs between taurine breeds showed low genetic differentiation 
(0.011-0.479). Principal component analysis revealed that in both the Nariño and Decker databases, the 
taurine formed the most compact cluster compared with other breeds known not to share the same 
ancestry, and Jersey, Brown Swiss, and Normand individuals exhibited high similarity with Holstein 
individuals. Hierarchical cluster analysis with Admixture revealed that Brahman, Jersey, Normand, and 
Holstein from the Decker databases most of which were clustered together with the dairy breeds of the 
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Nariño highland tropics are not able to create different groups, thus having greater similarity with each 
other. This can be explained by the crosses made by farmers to increase milk production volume, always 
based on the Holstein breed with semen of bulls from America and Canada. Detrimental impacts due to 
intensive selection might cause some specific traits from the region to be fixed in the offspring, which 
can influence their adaptive capacity to the highland tropics.
Key words: Bos taurus. Dairy yield. Polymorphism. SNP.

Resumo

Na Colômbia foram introduzidas diferentes raças leiteiras trazidas da Europa e dos Estados Unidos, 

que passaram por diferentes processos de cruzamento e seleção, gerando o desenvolvimento de 

características ou diferenças específicas nas raças bovinas e provavelmente, exibem sua própria estrutura 

genômica. Para caracterizar a diversidade genética e estrutura populacional foram utilizados genótipos 

de 23.182 polimorfismos de nucleotídeo único (SNPs) autossômicos de 130 animais, representando 

quatro grupos de raças de gado leiteiro de Nariño. Além disso, juntamos genótipos de 43.043 SNPs 

autossômicos, de 137 animais do banco de dados Decker (Decker et al., 2014) (DRYAD doi:10.5061/dryad.

th092). Após o processo de controle de qualidade, o conjunto de dados misto ficou com 7.475 SNPs 

autossômicos compartilhados em ambos os bancos de dados de Nariño (127 amostras) e Decker (135 

amostras). Os níveis de diversidade genética foram moderados em todas as raças (heterozigose média 

observada = 0,40). Com base nos valores do índice de fixação, concluímos que os indivíduos Brahman 

(zebuínos) foram mais diferenciados em comparação às raças taurinas (-0,374 a 0,076 para Pardo Suíço). 

Pares entre as raças taurinas apresentaram baixa diferenciação genética (0,011 – 0,479). O resultado dos 

componentes principais mostra que nos dois bancos de dados, Nariño e Decker, os taurinos formaram 

o cluster mais compacto em comparação com outras raças conhecidas por não compartilharem a 

mesma ancestralidade; indivíduos Jersey, Pardo Suíço e Normando denotaram alta similaridade com 

indivíduos Holandeses. A análise de agrupamento hierárquico com Admixture mostrou que Brahman, 

Jersey, Normando e Holandês da base de dados Decker, a maioria deles também agrupados com as 

raças leiteiras do alto trópico de Nariño, não são capazes de criar grupos diferentes, portanto, mostram 

maior semelhança entre eles. Isso pode ser explicado devido aos cruzamentos feitos pelos pecuaristas 

para aumentar o volume de produção de leite, sempre tendo como base a raça Holandesa com sêmen 

de touros da América e Canadá. Impactos prejudiciais, devido à seleção intensiva, podem fazer com 

que algumas características específicas da região sejam fixadas na prole e isso pode influenciar a sua 

capacidade adaptativa aos trópicos altos.

Palavras-chave: Bos taurus. Polimorfismo. Produção de leite. SNP.

Introduction

Holstein is the most common dairy 
breed in the world, and this is not different in 
Colombia, although other breeds are used on 
dairy farms (e.g. Jersey, Brown Swiss), besides 
dual-purpose breeds (e.g. Normand) (Ajmone-

Marsan et al., 2010). Holstein was introduced 
into Colombia during the late 19th and early 
20th centuries from Holland and North 
America (Rincon et al., 2018). Dairy farms 
are located in the highland tropics (>2000 
m elevation, where weather is colder), which 
include the states of Antioquia, Cundinamarca, 
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and Nariño, where pastures of Kikuyu grass 
(Cenchrus clandestinum) predominate. With 
an average milk production of 12 to 14 kg/
day in grazing with a stocking rate between 
one and two cows per hectare, Colombia 
produced 7,066 million liters of milk in 2017. 
This amount involves an estimated 99,000 
producers in specialized dairy systems and 
250,000 in dual-purpose systems (Carulla, 
2016; Federacion Colombiana de Ganaderos 
[FEDEGAN], 2017). However, breeding 
programs in Colombia are new and sires 
are selected without appropriate selection 
criteria such as directed mating, genetic and 
reproductive evaluations, performance tests, 
genotyping analysis, or DNA sequencing, 
so it is difficult to predict the consequences 
(Rincon et al., 2018). 

With the development of next-
generation sequencing technologies 
(NGS), the annotation of single-nucleotide 
polymorphisms (SNPs) has been routinely 
employed to infer population history, genetic 
diversity, genome-wide association, and 
genome structure in domestic animals 
(Gautier et al., 2007; Decker et al., 2014; 
Mastrangelo et al., 2014; Edea et al., 2015; 
Šidlová et al., 2015). Among livestock species, 
this technology has been successfully 
applied in cattle thanks to many factors such 
as evolutionary history, genetic structure, 
and economic conditions, which render 
cattle particularly suitable for the application 
of genome-assisted selection (Nicolazzi 
et al., 2014). Genome-wide comparison of 
populations from different geographical 
regions can also detect potential candidate 
genes associated with ecological adaptations 
(Edea et al., 2015; Zambrano et al., 2020; 
Verardo et al., 2021). In livestock populations, 
approximately half of the genetic diversity is 

shared across breeds, while the other half is 
observed within single breeds (Sponenberg & 
Bixby, 2007). 

Studies of genetic diversity are useful 
to understand the evolution of breeds, 
gene pool development, and the level of 
differentiation between breeds as well as to 
devise effective strategies for improving, 
managing, and conserving farm animal 
genetic resources (Melka & Schenkel, 2012; 
Edea et al., 2015). Numerous studies using 
various methods and types of molecular 
markers to characterize genetic diversity 
within and between breeds have been 
published (Decker et al., 2014; Lenstra et 
al., 2012). Genome-wide single nucleotide 
polymorphism (SNP) data have pushed the 
characterization of genetic diversity in cattle 
breeds forward (Signer-Hasler et al., 2017). 

Despite the large phenotypic diversity 
between cattle populations in Colombia, 
particularly dairy cattle, there is a lack of 
information related to genetic diversity and 
relationships between them. Few studies on 
dairy using Restriction Enzyme Digestion 
in Polymerase Chain Reaction (PCR-RFLP) 
and single SNPs have been reported that 
describe the genetic diversity of the Holstein 
population of Antioquia and its structure 
(Rincon et al., 2011, 2013; Rodríguez et 
al., 2013; Isaza et al., 2017), or the genetic 
variability of Creole cattle through molecular 
techniques (Bejarano et al., 2012). 

Dairy cattle in Nariño have been 
subjected to selection through breeding 
programs (Solarte-Portilla & Zambrano-
Burbano, 2012; Zambrano et al., 2020). 
In addition, these cattle have undergone 
changes due mainly to indirect selection 
by the use of reproductive biotechnology 
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(artificial insemination and embryo transfer), 
generating technical and economic 
dependence on other countries (e.g. United 
States, Canada, and some European 
countries). The interaction of these factors 
with the environment of the region may 
have influenced the adaptation of the 
animals to the mountain conditions typical 
of the highland tropics of Nariño. Therefore, 
additional studies to determine the effect 
generated by such factors are required in the 
highland tropics. Here we assessed the status 
of genetic diversity, population structure, 
and admixture within and between three 
pure cattle populations from Nariño using 
information from 23,182 autosomal SNPs.

Material and Methods

Animals and genotyping 

The animals under study belong to 
a project called Selection Research Using 
Genomic and Polygenic Models for the 
Genetic Improvement of Dairy Cattle in the 
Highland Tropics of Nariño, financed with 
resources of Sistema General de Regalías 
(SGR) in cooperation with Cooperativa de 
Lacteos de Nariño and executed by the Animal 
Production Research Group of Universidad 
de Nariño, cod BPIN No. 2013000100091. 
Genotypic data were collected from 37 herds 
in the first, second, and third districts. Table 1 
describes the milk districts of Pasto, Pupiales, 
and Guachucal. 

A total of 130 individuals born in 
Nariño, southwestern Colombia, were studied. 
These animals were chosen randomly and 
proportionally to herds that were enrolled 
in the Nariño breeding program. They 
represented four cattle breed groups among 
which are Holstein (HOL), Brown Swiss (BSW), 
Jersey (JER), and Normand (NOR), from 
unrelated dams and sires (Table 2). Blood 
samples were collected following the ethical 
guidelines established by the Animal Welfare 
Committee at the University of Nariño. DNA 
was extracted from blood using an Ultraclean 
BloodSpin kit (MoBio Laboratories Inc, 
Carlsbad, California, USA). DNA was stored 
at -20 °C until genotyping. Total DNA from 
selected individuals was genotyped using the 
GeneSeek Genomic Profiler LD v3 (23,182 
SNPs) (http://www.neogen.com/GeneSeek/). 
In addition, samples of animals analyzed in 
previous studies worldwide were considered 
for this study. Using genotypes from 43,043 
autosomal single nucleotide polymorphism 
markers, we merged data of 137 animals from 
the Decker database (Decker et al., 2014) 
(DRYAD doi:10.5061/dryad.th092, see Table 
2): 28 JER, 30 NOR, 30 HOL, 24 BSW, and 25 
Brahman (BRM). The Brahman were chosen 
because they would represent a differentiation 
between Bos taurus and Bos indicus. To make 
a dissimilarity in the nomenclatures of the 
breeds from the two databases, we will add a 
w at the end of the worldwide samples in the 
results of the analyses. 
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Table 1
Geographical coordinates and main climatic characteristics of the three milk districts of the 
department of Nariño, Colombia

District Coordinates Municipalities
Height
msnm

Rainfall
Mm/yr.

Pluv 
(mm/yr.)

Temp
° c

Light
(hours)

Pasto

1°, 12`, 41`` North 
latitude

 77°, 16`, 52`` West 
longitude

Pasto, Tangua, 
Yacuanquer, 
Nariño and 

Buesaco

2,527 960 771.6 13 1,142.5

Pupiales

0°, 52`, 21`` North 
latitude 

77°, 38`, 34`` West 
longitude

Pupiales, 
Ipiales, Aldana, 
Carlosama and 

Gualmatán,

2,900 960 853.3 11.03 1,516.8

Guachucal

0°, 57`, 50`` North 
latitude

77°, 44`, 04`` West 
longitude

Guachucal, 
Cumbal, Sapuyes 

and Túquerres
3,087 940 959.0 10.8 1,309.2

Table 2
Provenance for all samples included in the analyses and results of statistical population analysis

Abb Name Tax D N Ho s.d He s.d Fis p-value

HOLw Holstein Bos t. taurus 1 30 0.428 0.130 0.427 0.102 0.047 0.394

JERw Jersey Bos t. taurus 1 28 0.383 0.155 0.380 0.132 -0.072 0.578

NORw Normande Bos t. taurus 1 30 0.426 0.129 0.412 0.111 0.013 0.773

BWSw Brown Swiss Bos t. taurus 1 24 0.411 0.154 0.396 0.124 -0.026 0.456

BRMw Brahman Bos t. indicus 1 25 0.288 0.166 0.296 0.157 -0.374 0.340

HOL Holstein Bos t. taurus 2 60 0.433 0.092 0.432 0.089 0.059 0.621

JER Jersey Bos t. taurus 2 18 0.407 0.159 0.402 0.120 -0.011 0.502

NOR Normande Bos t. taurus 2 46 0.420 0.126 0.415 0.108 0.020 0.626

BWS Brown Swiss Bos t. taurus 2 6 0.464 0.204 0.440 0.112 0.076 0.732

Source: Research group animal production and health. Line of Genetics and Animal Improvement. Universidad de Nariño. 
Pasto-Colombia (2009).

Samples of the two databases (Decker and Nariño). Abb: letter code used to identify the breed throughout the manuscript; 
Name: breed name; Tax: taxonomic status indicating the species name; D: data set’s origin, Decker et al. (2014), (1), 
Nariño (2); N: breed’s sample size; Ho: observed heterozygosity; He: expected heterozygosity; s.d: standard deviation; 
Fis: inbreeding coefficient.
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Quality control of SNP data

Data quality control for the Nariño 
database was performed using PLINK v1.9 
software (Purcell et al., 2007). Only SNPs 
located on autosomes were considered 
for further analyses, and SNPs assigned 
to the X chromosome were excluded. 
Monomorphic SNPs with more than 10% 
of missing genotypes were discarded from 
the analysis. All SNPs coordinates were 
converted to UMD3.1 bovine assembly 
(RefSeq: GS-3155939409), SNPchiMp 
database (Nicolazzi et al., 2014). SNPs from 
relevant dairy breeds were extracted and 
analyzed together. Individuals missing more 
than 5% of genotypic data were discarded 
(sample call rate < 95%). SNPs with a call 
rate below 95% were removed from further 
analysis. Autosomal SNPs shared (7,475) 
in both databases of Nariño (127 samples) 
and Decker (135 samples) were used for 
genetic relationship and ancestry proportion 
estimations. Afterwards, the quality control 
process of pruning was performed on data 
using the –indep-pairwise (50 10 0.2) option. 
Pruning was proceeded by calculating 
linkage disequilibrium (LD) for 50 marker 
sliding windows, with a new window obtained 
by shifting 10 markers along the length of the 
chromosome. Marker pruning was carried out 
when the LD between a pair of markers was 
0.2 (Calus & Vandenplas, 2018; Chagunda 
et al., 2018).  This resulted in 262 samples, 
of which 6,080 SNPs were used for genetic 
diversity analysis. 

Genetic diversity 

Along with R software (https://
www.r-project.org/), PLINK v1.90 (Purcell et 

al., 2007) was used to generate population 
parameters. The dataset was processed for 
genetic diversity parameters that included 
expected heterozygosity (He) and observed 
heterozygosity (Ho) levels as well as 
inbreeding (F) for each population. Pairwise 
distances (Fst) (Weir & Cockerham, 1990) and 
Slatkin’s distance measure were analyzed 
for the estimation of genetic distance and 
genomic relationship between samples using 
Arlequin 3.5.2.2 (Excoffier et al., 2005).  

Genetic population relationships

Principal component analysis 
(PCA) was prepared for each dataset for 
stratification of different populations along 
different plot coordinates. The binary files 
(.bed, .bim, and .fam files) were generated for 
datasets using the PLINK program (Purcell et 
al., 2007). Eigenvectors were calculated with 
the aid of packages in R software (https://
www.r-project.org/) and then plotted on the 
PCA plot. 

The pruned dataset was processed 
in the ADMIXTURE program (Alexander 
et al., 2009) for ancestry and admixture 
analysis using the model-based approach 
from the autosomal SNP panel of dairy cattle 
populations of Nariño with other dairy cattle 
populations, to identify the main contribution 
of the breed to its formation. The maximum 
likelihood estimation (MLE) approach 
was used and datasets were processed 
for different K values (K value: parameter 
describing the number of subpopulations 
that make up the total population in a dataset 
provided as input). The K value (as input to the 
program) ranged from 1 to 20 per dataset in 
the ADMIXTURE program. The K value with 
minimum cross-validation error was assessed 
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independently for both datasets. Cross-
validation error values helped to decide the 
best K value of each dataset.

Results and Discussion

 The following results considered the 
combination of the two databases: Nariño 
(130 samples) and Decker (137 samples), 
which shared 7,475 autosomal SNPs. 

Genetic diversity within 
subpopulations was accounted for as a 
measure of heterozygosity (observed and 
expected). The genetic diversity of a species 
allows them to respond and adapt, or not, 
to traits or changes in the environment. 
This is done at the chromosomal level, 
where recombination or mutation is carried 
out gradually and can give better or worse 
adaptive traits to the following generations 
(Black IV et al., 2001). After quality control and 
pruning on each population, the remaining 
data for diversity analysis were 6,808 SNPs 
from 262 animals representing several 
breeds. The average Ho value found for the 
whole sample was 0.407, and the average He 
was 0.36019 (Table 2). Taurine breeds showed 
greater diversity than the zebu (HOL: 0.433-
0.432; HOLw: 0.428-0.427; JER: 0.407-0.402; 
JERw: 0.383-0.380; NOR: 0.420-0.415; NORw: 
0.426-0.412; BSW: 0.464-0.441; BSWw: 
0.411-0.396; and BRMw: 0.288-0.296). In the 
BRMw breed, He was greater than observed, 
but the values were not representative. 

In Nariño, no diversity analysis has 
been done with SNPs approaches; the only 
reference of contrast is the analysis carried 
out by Mejía et al. (2015), who used 11 
microsatellite loci in the same breeds but 
different samples and found average Ho 

values greater than 0.6 for all breeds. These 
reflect a significantly high amount of genetic 
diversity in the population. In the same way, 
little information is currently available to 
compare different cattle populations from 
Colombia. Authors have reported results 
using other approaches, primarily in Holstein 
(Rincon et al., 2013; Rodríguez-Ramilo et al., 
2015; Madrid et al., 2015; Isaza et al., 2017; 
Rincon et al., 2018). As a counterpart, studies 
based on the Illumina SNP chip reported 
diversity expressed in terms of Ho and He 
over all loci in Jersey and Holstein Friesian 
bulls: 0.26-0.36 and 0.31-0.42, respectively 
(Melka & Schenkel, 2012); and in Holstein 
from Australia: 0.33-0.34 (Zenger et al., 2007). 
The first values represent a Fis higher than 
that found in our study (Fis value of Gyr and 
Holstein from Decker database: 0.020 and 
0.010; Jersey and Holstein from Nariño: 
-0,027 and -0,013, respectively), which means 
that our population has less diversity than 
Melka’s, suggesting a possible adaptation to 
the local conditions of the Colombian tropics. 
We could also argue that having a population 
size reduced in diversity can increase 
reproduction between related individuals, 
which leads to high inbreeding coefficients 
in the evaluated population (Black IV et al., 
2001). 

In livestock species, heterozygote 
deficiencies can be explained by several 
factors, such as selection, population 
subdivision, drift, and inbreeding (Melka 
& Schenkel, 2012). It could be because 
populations have a degree of inbreeding 
(pairings within the group) and due to an 
intensive selection process to enhance 
production traits and improve herd economy 
(Suhada et al., 2016). The approaches 
described above allowed the identification 
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of distinct breeds, yet without determining 
their differences. For practical utility, diversity 
between breeds is favorable, as it allows 
optimizing targeted mating programs and 
creating hybrid populations that offer tools 
necessary for good decision making in the 
selection process for the dairy population of 
the Nariño tropics.

Fixation indexes (Fis, Fit, and Fst) are 
the most widely used parameters for studying 
the genetic differentiation of populations. 
These indices have been originally defined 
in terms of the correlations of two uniting 
gametes (Wright, 1965). Table 2 shows the Fis 
values found in our study. The samples were 
in a range of values from -0.374 for BRMw to 
0.076 for BSW. Pairwise Slatkin’s Fst (Excoffier 
et al., 2005) was used to study population 
differentiation. A higher Fst value indicates 
the presence of genetic differentiation 
between subpopulations, which implies that 
pairs of genes between individuals within 
subpopulations are more related than those 
of individuals between subpopulations (Melka 
& Schenkel, 2012). 

Pairwise Slatkin’s Fst values ranged 
between 0.011 and 0.479, with statistically 
significant differences in some cases (Table 

3). Pairwise Fst estimates revealed the lowest 
level of genetic differentiation between 
Holstein cattle from Decker and Holstein 
from Nariño (Fst = 0.011), denoting their 
close genetic relationship; and the greatest 
divergence between Brahman (indicus) and 
Jersey from Decker (taurus) (Fst = 0.479). As 
expected, Brahman individuals were more 
differentiated in comparison to the taurine 
breeds (0.479-0.290). Pairwise estimates 
between taurine breeds in different locations 
were lower: JERw – JER (0.023), NORw – NOR 
(0.018), and BSWw – BSW (0.063). Genetic 
differentiation between Decker’s taurine 
breeds ranged from 0.157 between BSWw – 
HOLw, 0.181 between JERw – HOLw, to 0.180 
between JERw – NORw; and was even smaller 
when only samples of breeds from the Nariño 
region were compared: JER – NOR (0.115), 
JER – HOL (0.093), JER – BSW (0.071), and 
HOL – NOR (0.084). Other studies in which 
comparisons were made between Holstein 
and other dairy breeds found Fst values of 
0.14 between HOL – JER and 0.15 between 
HOL – BWS (taurine Brown Swiss), which are 
higher than the pairwise pairwise of Nariño 
samples and similar to those of Decker 
samples (Melka & Schenkel, 2012; Signer-
Hasler et al., 2017).
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The Holstein breed is a cosmopolitan 
population and, as suggested by Doormaal et 
al. (2005), a global effort would be needed to 
achieve this goal, given that in some countries 
groups of animals may exist that are less 
related to those used globally. That would be 
the reason why the group of individuals from 
Decker’s database and the individuals of 
European studies may have not been affected 
by crossing processes with other breeds and 
considered pure, while cattle from Nariño 
have a different management. Farmers in this 
Colombian region are not used to keeping 
genealogical, productive, or reproductive 
individual records. Moreover, they make 
crosses aiming to increase production 
without any knowledge about improvement, 
and in most cases, this process is done 
empirically. This could suggest the existence 
of inbreeding between Nariño breeds, since 
genetic material (imported semen) is used for 
directed crosses in most production systems 
from the region, which is mainly based on 
Holstein bulls to increase the volume of milk 

Table 3
Slatkin’s genetic distance between subgroups or populations

Breeds1 BRMw BSW BSWw HOL HOLw JER JERw NOR NORw

BRMw 0.000

BSW 0.439 0.000

BSWw 0.451 0.063 0.000

HOL 0.290 0.053 0.134 0.000

HOLw 0.369 0.065 0.157 0.011 0.000

JER 0.427 0.071 0.169 0.093 0.111 0.000

JERw 0.479 0.143 0.223 0.149 0.181 0.023 0.000

NOR 0.359 0.091 0.146 0.084 0.100 0.115 0.164 0.000

NORw 0.384 0.100 0.154 0.094 0.109 0.128 0.180 0.018 0.000

1 Brahman Decker (BRMw), Brown Swiss Nariño (BSW), Brown Swiss Decker (BSWw), Holstein Nariño (HOL), Holstein 
Decker (HOLw), Jersey Nariño (JER), Jersey Decker (JERw), Normand Nariño (NOR) and Normand Decker (NORw).

per day. In addition, this reveals no genetic 
differentiation between the subpopulations 
of Nariño samples that can be considered 
as part of a large population, where random 
mating occurs.

After quality control and pruning 
on each population, the data subjected to 
PCA were 6,808 SNPs from 262 animals 
representing several breeds. Results of PCA 
of both Nariño’s and Decker’s SNP datasets 
clearly grouped the populations by ancestry 
(Figure 1). The combination of the first two 
principal components (PC), namely, PC1 and 
PC2, grouped the samples according to their 
ancestral origin. PC1 accounted for 23.02% 
of the total variation and separated the B. 
indicus (BRM) cattle cluster from another 
B. taurus cattle cluster (HOL, JER, NOR, and 
BSW); PC2 explained 16.36% of the total 
variation and separated the animals in the 
cluster by their breed composition and 
between the samples of the Colombian and 
Decker B. taurus clusters. The Nariño group 
split the data on the first axis according to 
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the genetic distance of taurine breeds, which 
formed clusters almost overlapping each 
other due to genetic relatedness. Results 
of PCA of both Nariño’s and Decker’s SNP 
datasets allowed us to identify two main 
groups, separated by the geographical 
origin of the taurus and indicus subspecies. 
The Holstein were slightly separated from 
the rest of the taurine breeds; Normand, 
Jersey, and Brown Swiss formed a compact 
cluster compared to Nariño taurine breeds 
known for sharing the same ancestry; some 
NOR, JER, and BSW from Decker’s database 

displayed high similarity with NOR, JER, and 
BSW individuals from Nariño. The results also 
revealed differences between the taurine 
and zebu breeds, which, as expected, show 
ancestral and demographic differentiation. 
These results suggest that thanks to the 
selection to which the European breeds have 
been subjected in this region, there may 
be a differentiation stemming from random 
mating, giving the hardy Creole animals 
greater adaptation to the region, which leads 
to more efficient production and favors the 
economy of producers. 

Figure 1. Principal components analysis (PCA) of 262 individuals based on 7,080 SNPs shared 
in dairy cattle populations from Nariño – Colombia and Decker’s databases. PC1 accounts for 
23,02% of the total variation; PC2 accounts for 16,36% of the total variation. B. indicus (Brahman 
BRM) B. taurus (Holstein HOL, Brown Swiss BSW, Jersey JER, and Normand NOR), individuals with 
the w indicate that they are from the Decker’s database. 

Nariño breeds, since genetic material (imported semen) is used for directed crosses in most production 

systems from the region, which is mainly based on Holstein bulls to increase the volume of milk per day. In 

addition, this reveals no genetic differentiation between the subpopulations of Nariño samples that can be 

considered as part of a large population, where random mating occurs. 

After quality control and pruning on each population, the data subjected to PCA were 6,808 SNPs 

from 262 animals representing several breeds. Results of PCA of both Nariño’s and Decker’s SNP datasets 

clearly grouped the populations by ancestry (Figure 1). The combination of the first two principal 

components (PC), namely, PC1 and PC2, grouped the samples according to their ancestral origin. PC1 

accounted for 23.02% of the total variation and separated the B. indicus (BRM) cattle cluster from another B. 

taurus cattle cluster (HOL, JER, NOR, and BSW); PC2 explained 16.36% of the total variation and 

separated the animals in the cluster by their breed composition and between the samples of the Colombian 

and Decker B. taurus clusters. The Nariño group split the data on the first axis according to the genetic 

distance of taurine breeds, which formed clusters almost overlapping each other due to genetic relatedness. 

Results of PCA of both Nariño’s and Decker’s SNP datasets allowed us to identify two main groups, 

separated by the geographical origin of the taurus and indicus subspecies. The Holstein were slightly 

separated from the rest of the taurine breeds; Normand, Jersey, and Brown Swiss formed a compact cluster 

compared to Nariño taurine breeds known for sharing the same ancestry; some NOR, JER, and BSW from 

Decker’s database displayed high similarity with NOR, JER, and BSW individuals from Nariño. The results 

also revealed differences between the taurine and zebu breeds, which, as expected, show ancestral and 

demographic differentiation. These results suggest that thanks to the selection to which the European breeds 

have been subjected in this region, there may be a differentiation stemming from random mating, giving the 

hardy Creole animals greater adaptation to the region, which leads to more efficient production and favors 

the economy of producers.  
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Production systems in southwestern 
Colombia are mostly smallholdings, with each 
farm having a maximum of 50 animals, and 
no scientific strategy is adopted to improve 
production. On these farms, few births are 
properly registered, since most farmers are 
not used to keeping reproductive or sanitary 
records. When cows reach sexual maturity, 
crosses are expected to be made to improve 
a productive trait. In most cases, crosses are 
made with international semen, but at times 
with national bulls that can be unregistered or 
that phenotypically appear like Holstein but 
are not indeed registered as such. In this way, 
we observe that there is a high possibility of 
poor handling of records, as shown in Figure 
1, where we find animals registered as Jersey, 
Brown Swiss, or Normand that are actually in 
the Holstein breed cluster. Considering that 
keeping records on the cattle is not yet a 
common practice in Colombia, one must be 
careful when making assertions about their 
origin. Traditional production systems lacking 
individual records of origin result in a mixture 
of breeds commonly named “-like”. Thus, 
the phenotype is closer to Holstein for the 
majority of individuals in the population and 
the SNP frequencies confirm this observation.

Hierarchal clustering of the dataset 
was performed as recommended in Admixture 
software, running for larger values of K (e.g., 
20) (Figure 2). Data were plotted in order of the 
fraction of ancestry they shared with other 
breeds. We found that K = 5 was the optimum 
number of clusters in the sample, at which 
breeds started to show differentiation (Figure 
3). The genetic ancestry observed in the 
Nariño dairy cattle population corresponds 
to that observed in Holstein individuals by 
Decker et al. (2014). Results showed that 
major taurine and zebu groups showed large 

disparity; BRM, NORw, JERw, and HOLw 
breeds are able to create different groups, 
most of them overlapping each other, even 
though some subgroup structure within all 
breeds may explain this trend, similarly to Edea 
et al. (2015). For example, some animals from 
the Nariño group at K = 4 can be recognized 
as Holstein individuals while they are in the 
Normand cluster, and animals that apparently 
fit more to the color palette of Jersey but are 
in the Holstein breed cluster. This continues 
to show the poor quality of records as well as 
the amount of empirical mating that farmers 
have made. Nonetheless, we must also 
recognize that there is a difference between 
HOL, JER, and NOR individuals from Decker 
and Nariño, which could be due to the random 
mating of Nariño cows with semen from 
American or Canadian bulls, which in turn 
have been the product of crossing aimed at 
improving their production and adaptability 
to tropical climates, possibly improving traits 
of economic interest. Therefore, there may 
be a change in the genetic structure of the 
Nariño animals that favors their adaptation to 
the mountain tropics to improve production. 

These results, coupled with the 
previous ones about differentiation, show that 
the dairy cattle population in Nariño consists 
is mainly of Holstein individuals, reaching 
almost 85% of the population included in the 
genetic improvement program in southwest 
Colombia over time (Solarte-Portilla et al., 
2009). The Holstein, introduced over four 
decades ago into Nariño, has allowed it to 
become the most important nucleus of the 
breed for the region, and some crosses with 
this breed have displayed economic merit 
comparable to that of pure Holstein. In the 
same way, ancestry results confirmed the 
important contribution of Holstein cattle to 
crossbred animals, as observed in PCA.
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Figure 3. Analysis of Population Structure assignment for 262 individuals based on 7,080 
SNPs shared in dairy cattle populations from Nariño – Colombia and Decker’s databases using 
STRUCTURE (K= 2 to 6) and plotted with R software package. The amount of a color reflects 
the individual’s proportion of genetic variation originating in the cluster of that color. Each 
breed is separated by a straight bar that is colored and labeled on the bottom of the plot. Bos 
indicus represents worldwide breeds with zebu ancestry, Brahman (BRMw), Bos taurus represent 
worldwide breeds with European taurine ancestry, Brown Swiss (BSWw), Holstein (HOLw), Jersey 
(JERw), Normand (NORw), and Nariño individuals Brown Swiss (BSW), Holstein (HOL), Jersey (JER) 
and Normand (NOR). For K=2, red descent represents Bos indicus ancestry, and yellow descent 
represents Bos taurus ancestry.

Figure 2. Cross-validation (CV) statistic values used to choose the most suitable number of 
clusters, K=20.
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Conclusion

Our study is the first comprehensive 
analysis of dairy cattle with genome-wide 
genetic markers to understand the genetic 
diversity of cattle in the highland tropics 
of Nariño. Although we used only a few 
representative dairy breeds to understand 
the genetic backgrounds of these cattle, this 
study contributes to the knowledge of genetic 
diversity of local breeds in this region. After a 
long period during which mating processes 
were carried out with both imported and 
national semen, it is possible that some 
specific traits of the region were fixed in 
the offspring, causing differences between 
Holstein from the highland tropics of Nariño 
and the rest of the world. The implementation 
of genomic evaluation programs requires, at 
first, knowledge of the evolutionary history of 
the population, making it possible to optimize 
programs and understand the genetic 
resource available. For this reason, it is 
important that further research be carried out 
exploring the population structure, detecting 
markers associated with quantitative trait 
loci (QTLs) of adaptation to highland tropical 
conditions, as well as identifying regions of 
the genome with selection signals that may 
reveal mountain traits in animals or their 
association with traits of economic interest 
such as reproduction, production, and 
adaptability.
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