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Abstract
Das Gyr (Bos indicus) ist eine der wichtigsten Rinderrassen zur Milchproduktion in
tropischen Gebieten. Die Rasse hat sich in Brasilien aus relativ wenigen aus Indien
importierten Gründertieren entwickelt, verbreitete sich jedoch kürzlich sehr weit und wurde
gleichzeitig strenger Selektion unterzogen. Dieses Vorgehen könnte zu erhöhten
Inzuchtwerten und niedriger genetischer Diversität innerhalb der Gyr Population geführt
haben. Information über die genetische Diversität der Gyr Population und deren
Einflussfaktoren sind deshalb unverzichtbar um nachhaltig Zuchtfortschritt gewährleisten
sowie die genetische Vielfalt dieser Rasse zu erhalten. Diese Studie untersuchte die
genetische Diversität der Rasse und den Zusammenhang zwischen genetischer und
geografischer Distanz. Es wurden 588 Kühe von sieben Herden mit unterschiedlicher
geografischer
Lage
aus
zwei
Brasilianischen
Staaten
für
45797
Einzelnukletid-Polimorphismus (SNP) Marker genotypisiert. Eine Teilmenge von 9176 SNP
wurden zur Bestimmung der genetischen Diversität verwendet. Die insgesamte Heterozygotie
der Gesamtpopulation lag bei 0.264 ± 0.158, wobei keine signifikanten Unterschiede
zwischen den einzelnen Herden festgestellt werden konnten. Der Durchschnitt der
genetischen Differenz zwischen allen Herden wurde mit dem FST Wert gemessen und betrug
0.050 ± 0.041. Ein FIT Wert für die gesamte Population von 0.019 ±0.058 sowie ein FIS Wert
von -0.031 ± 0.047 zeigen einen Überschuss an Heterozygoten. Der Inzuchtgrad wurde als
jener Anteil des Genoms der sich in „Runs of Homozygosity“ befindet gemessen und betrug
0.0537. Die Berechnung der effektiven Anzahl an Migranten pro Generation (Nm) ergab 3.49.
Mit 532 km befand sich der größte geografische Abstand zwischen Herde_265 und
Herde_551. Ebenso waren der FST Wert und Nei's genetische Distanz zwischen Herde_265
und Herde_551 am größten mit den entsprechenden Werten von 0.077 und 0.02. In der
Hauptkomponentenanalyse (PCA) wies die erste Hauptkomponente 4.895% der gesamten
Varianz aus und die zweite Hauptkomponente stand für 2.526% der Variation. Die
Anwendung von Rousset’s Methode der Isolation durch Distanz zeigte einen linearen
Zusammenhang zwischen genetischer und geografischer Distanz, wobei dieses Modell 29.89%
der gesamten Varianz erklärt. Der Mantel Test, welcher Matrizen mit geografischer Distanz
und genetischer Distanz vergleicht, zeigte beinahe signifikant, dass diese beiden Arten von
Distanzen positiv miteinander korrelieren (r=0.624, P=0.068).
Keywords: Gyr; genetische Diversität; SNPs; genetische Distanz; geografische Distanz

Abstract
The Gyr cattle breed (Bos indicus) has become an important breed for milk production
throughout the tropical areas. The breed was developed from a comparatively small number
of founder animals imported to Brazil from India, with rapid recent expansion of the
population and intensification of selection procedures. This strategy indicates a potential
increase of inbreeding levels and reduction of genetic diversity in the Gyr population.
Information about genetic diversity within Gyr cattle is therefore essential for genetic
improvement, understanding of environmental adaptation as well as genetic conservation.
This study investigated the genetic diversity and the relationship between genetic distance
and geographic distance. In total, 588 Gyr cows of seven herds from different geographical
locations of two states in Brazil were genotyped for 45797 single nucleotide polymorphism
(SNP) markers and a subset of 9176 SNP were used to assess genetic diversity. The overall
expected heterozygosity of total population was 0.264 ± 0.158, and there was no significant
difference between herds. The average of genetic differentiation among all herds measured as
FST value was 0.050 ± 0.041. FIT value for the whole population was 0.019 ± 0.058 while the
FIS value for the whole population was -0.031 ± 0.047, showing an excess of heterozygotes.
Genome wide level of inbreeding based on proportions of the genome being in runs of
homozygosity was 0.0537. The assessment of the effective number of migrants by generation
(Nm) was 3.49. The largest geographic distance between subpopulations in this study was
between Herd_265 and Herd_551 with a spatial distance of 532 km. Both FST and Nei's
genetic distance were also greatest between Herd_265 and Herd_551 with values of 0.077
and 0.022 respectively. In the principle component analysis (PCA), the first principle
component）accounted for 4.895% of the total variance and the second principle component
condensed 2.526% of the variation. The application of Rousset's isolation by distance method
provided a linear relationship between genetic distance and geographical distance:
; with 29.89% of the variance explained by this model. The Mantel
test, comparing matrices of geographical and genetic distances indicated a positive
correlation between those two types of distance, with a trend toward significance (r=0.624,
P=0.068).
Keywords: Gyr cattle; biodiversity; SNPs; genetic distance; geographical distance
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Introduction
The Gyr breed (Bos indicus) is one of the principal Zebu breeds originated from India.
The native origin of this breed is around the Gyr hills and forests of Kathiawar in India,
which lies between 20°and 22°North latitude and 70°and 72°East longitude (Gaur, Kaushik
et al. 2003). The Gyr animals are famous for their high milk yield producing ability
(Madalena 1988), tolerance to heat stress (Torres-Júnior, de FA Pires et al. 2008) and
resistance to various tropical diseases. Thus in the last century Brazil, Mexico and USA
imported these animals where they have been bred successfully.
The Gyr breed arrived in Brazil via importation, started from 1870 with a total number
of 700 Gyr animals. Currently the population size has already reached 400,000 all over Brazil
(Santana, Pereira et al. 2014). At the beginning Gyr was imported as beef cattle, but some
breeders started to use them for milk production afterwards (Queiroz and Lôbo 1993). Gyr
breed is also mainly utilized as the basis for crosses with European dairy breeds in order to
maintain rusticity, adaptability and resistance to parasites, especially in grazing systems. The
breeding program plays a role not only for genetic improvement but also for maintaining the
genetic diversity of a population. The last major export of the breed to Brazil took place in
1960, after which laws made the importation and exportation of animals rather difficult. Due
to the rapid growth and dissemination of Gyr breed, along with the limited introduced
animals, the demand of genetically superior proven sires has increased rapidly in Brazil. The
current situation is that a small number of proven bulls with high breeding value are
frequently used. Therefore the risk of reducing genetic diversity and increasing inbreeding
level becomes much higher, which may lead to reproductive, productive and economic loss in
the future. Thus it has already becoming an urgent issue of maintaining genetic variability in
the Gyr cattle in Brazil.
There are many influential factors that may contribute to the change of genetic diversity
such as artificial selection (Charlesworth, Nordborg et al. 1997), migration (Goossens, Chikhi
et al. 2005), mutation (Lacy 1987) etc. Since artificial selection and migration may lead to the
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spatial separation of animals, the geographical dispersion may also become an indirect
influential factor to genetic differentiation. It has already been suggested by two theories that
an increase of geographic distance will lead to the increase of genetic diversity: the theory of
isolation by distance (Wright 1943) and by the stepping-stone model (Kimura and Weiss
1964). The theory of isolation by distance was first developed by Sewall Wright indicates that
populations in remote locations may become differentiated simply by isolation by distance.
This isolation by distance can create genetic differentiation among subpopulations.
Individuals within a subpopulation are neighbors in the sense that their gametes may come
together and inbreeding within the subpopulation reduces heterozygosity. Both models
indicate that gene flow can be limited to shorter distances with greater genetic differentiation
with increasing geographic distance.
There are several studies related to the relationship between geographical distance and
genetic distance in different species. In human population, it has been confirmed that a strong
positive linear relationship existed between genetic differentiation and geographic distance in
African human population (Ramachandran, Deshpande et al. 2005). Afterwards a similar
genetic structure study of European human population supported the former study result that
the small genetic differentiation present between subpopulations was characterized by a
significant correlation between genetic and geographic distance (Lao, Lu et al. 2008).
However this significant positive correlation cannot always be found. In chicken, relevant
results showed that although the potential linear correlation between geographical distance
with genetic distance may exist, the correlation was non-significant (Bao, Shu et al. 2009). In
a similar study of European sheep breeds, PCA analysis on SNP data showed that
differentiated breeds were with good correspondence to geographical locations. However the
genetic diversity is a consequence mainly brought by selection operated by local sheep
farmers, different flock management and breed admixture. There is no solid evidence to
prove that geographical isolation is a potential reason for genetic differentiation (Pariset,
Mariotti et al. 2011).
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In several similar studies conducted in cattle, the results showed that genetically close
related cattle breeds were more likely to be clustered in close original geographical locations
(Felius 1995, Gautier, Faraut et al. 2007, Kugonza, Jianlin et al. 2011, Pham, Do et al. 2013).
Yet, a significant relationship between spatial distances and genetic distance could not be
detected. Relevant research in beef cattle showed that neither isolation by distance nor
hierarchical structure associated with geography were detected in 18 local breeds from
southwest Europe (Jordana, Alexandrino et al. 2003). The main influential factor of genetic
differentiation was genetic drift.
To the best of our knowledge, no similar research has been done for Gyr cattle in Brazil,
connecting genetic differentiation and geographic isolation. The aim of this study was to
evaluate genetic diversity of Gyr cattle breed in Brazil and analyze the relationships between
all subpopulation pairs of geographical distance and genetic distance. The results aim to
provide suggestions and related information for decisions concerning breeding in the future.
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Materials and Methods
Data Resource
To evaluate the genetic diversity and investigate whether there is a significant
relationship between geographic and genetic distance in Brazilian Gyr cattle, we applied both
GPS data and genotype data managed by EMBRAPA Dairy Cattle, Brazil. The data set
consisted of 1613 cows from 81 herds for this study. The original GPS dataset consisted of
GPS coordinates and altitude information of 277 herds spread in 8 states in Brazil. The
original genotype dataset consisted of 445 bulls and 1,663 cows genotyped with the Illumina
BovineSNP50 v2 (Illumina Inc., San Diego, CA, US). For the current study only the
genotype and GPS information for cows were used.
Several editing steps were conducted prior to analysis: 596 cows from 12 herds matched
with the corresponding GPS coordinates were used for the next step analyses; 4 herds
(Herd_1054, Herd_1198, Herd_1309 and Herd_31681) were removed because for each herd
there was only a single cow record; The geographical distance between herd_1304 and
herd_24426 was 0.000134259 km after calculation. So the two animals in herd_1304 were
merged into herd_24426; 4 targeted cows (CAL4235, FBGA5186, EFC376, RRP4927)
without genotype information were removed. After editing, a total of 588 records from 7 Gyr
cattle herds representing 7 subpopulations were retained for this study. Population size, farm
name and relevant geographical information can be seen in Table 1. The corresponding
locations of the target herds were presented via Google Earth (Figure 1).
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Table 1 Description of 7 targeted herds of Gyr cattle in Brazil

Herd ID Population Size

Farm Name

City

265

267

Fazenda Brasí
lia

266

72

Santana da Serra

CAJURU

270

38

Estância Silvânia

277

77

551

State

SÃO PEDRO DOS FERROS Minas Gerais

Latitude Longitude Altitude (m)
-19.93

-42.57

268

São Paulo

-21.36

-47.21

817

CAÇAPAVA

São Paulo

-23.20

-45.73

585

Terra Vermelha/Campo Alegre

ITOBI

São Paulo

-21.89

-46.92

690

81

Nova Estiva

BURITIZAL

São Paulo

-20.25

-47.65

916

750

5

NA

GUAPÉ

Minas Gerais

-20.71

-45.95

817

24426

46

NA

MOCOCA

São Paulo

-21.33

-47.10

648
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Figure 1 Farm locations in Brazil where the cattle populations were sampled indicated by yellow pins.
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Quality control process and marker selection
Original genotype dataset consisted of 45797 single nucleotide polymorphic markers.
Genotype quality checks were accomplished via using PLINK v1.9 (Chang, Chow et al.
2014): Markers selected for diversity analysis were required to be located on autosomal
chromosomes; Only animals with call rates ≥95% and SNP call rate ≥95% were kept in the
final dataset (no animal and SNPs eliminated); The SNP markers with minor allele frequency
(MAF) <0.01 were discarded (19323 SNPs were eliminated). SNP markers with value for the
Hardy-Weinberg equilibrium test <10−6 were also discarded (33 SNPs were eliminated). After
qualify control process, 26441 SNPs were retained. Due to the SNP number limitation (10000
SNPs maximum) in the SPAGeDi v1.4c (Hardy and Vekemans 2002) software employed for
analysis, 35% SNPs were randomly selected. A total number of 9176 SNPs were kept as the
final genotype dataset for most analyses. For the search of segments of the genome that are
autozygous, the full set of 26441 SNPs was used.
Statistical analyses
Analyses of within population genetic diversity
Observed heterozygosity (HO), expected heterozygosity (HE) and allelic richness (AR)
were applied to evaluate genetic variability and compare the levels of heterogeneity within
population. Observed heterozygosity, the frequency of heterozygous individuals in a
population, and expected heterozygosity, the probability that two gametes randomly chosen
from the gene pool, are the measures most commonly used by papers that present a genetic
summary of populations. Both measures are very sensitive to the allele frequencies in the
population rather than just to the number of alleles. Allelic richness (also referred to as allelic
diversity), calculated as the average number of alleles per locus, is another commonly
reported measure of genetic variation (Leberg 2002). Observed heterozygosity, expected
heterozygosity and allelic richness were calculated via using SPAGeDi v1.4c. Besides, except
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for the above three parameters, the inbreeding coefficient (Fi) for each herd was also
calculated via SPAGeDi v1.4c. The statistical significance between parameter values of
subpopulations and the values of overall population were tested via t-test in R (Team 2014)
respectively. Level of autozygosity, which has been confirmed to be a realistic indicator of
level of inbreeding (Curik, Ferenčaković et al. 2014), was calculated using the SNP &
Variation suite v7.6.8 Win64 from Golden Helix (SVS) (http://www.goldenhelix.com). Runs
of homozygosity (ROH) segments longer than 4 Mb were searched for, under the following
criteria among all chromosomal segments: 15 or more coherent homozygous SNPs, a density
of at least 1 SNP every 150 kb, gaps of no more than 1000 kb between SNPs and less than 2
missing genotypes across all individuals. In order to take genotyping errors into account and
avoid underestimation of long ROH (Ferenčaković, Hamzić et al. 2013), 1 heterozygous
genotype call per segment was allowed. According to McQuillan et al. (McQuillan,
Leutenegger et al. 2008) the genomic inbreeding coefficient (FROH) was estimated by the sum
of ROH lengths of an individual divided by the total length of the autosomes as follows:
[1]
which

was the total size of the genome covered by markers, calculated from the sum

of inter marker distances in the UMD v3.1 assembly as 2,506,343,112 bp. Results obtained
from SNP & Variation Suite were analyzed using R and package "psych" (Revelle 2014).
Inbreeding levels were calculated for the whole population and for each herd.
For allele frequencies, both minor allele and major allele for each herd were calculated
via SPAGeDi v1.4c. Deviation from Hardy-Weinberg equilibrium (HWE; heterozygote
deficiency) was performed in PLINK v1.9 for each SNP and each population.
Genetic distance and geographical distance among different populations
A hierarchical analysis of molecular variance (AMOVA) was applied using the software
ARLEQUIN 3.5 (Excoffier and Lischer 2010) to quantify the degree of differentiation among
different subpopulations and the differences were tested for significance using 1023 bootstrap
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permutations. Genetic differentiation between subpopulations were estimated using FST
coefficient (Weir and Cockerham 1984). FST is a measure of allele frequency divergence
among demes or subpopulations which can be described as the amount of allele frequency
variance in a subpopulation relative to the maximum variance which can be defined as
follows:
[2]
where

is the variance in the frequency of the allele between different subpopulations,

weighted by the sizes of the subpopulations and
total population,

is the variance of the allelic state in the

is the average frequency of an allele in the total population. And from

population level, relevant F-statistics can be calculated as below:
[3]
where

is a measure of the overall departure from Hardy-Weinberg (HW) proportions in

the entire population due to both nonrandom mating within local subpopulations (
allele frequency divergence among subpopulations (

);

), and

is a measure of departure from

Hardy-Weinberg proportions within local demes or subpopulations due to nonrandom mating.
Pairwise genetic distances, DS (Nei 1972), between subpopulations were estimated. Nei's
standard genetic distance (DS) is a measure of genetic differentiation between two
populations often used in phylogenetic reconstruction, which is calculated as below:
[4]
where

;

;

.

frequency of the i-th allele at the j-th locus in population X, and

is the

is the frequency of the

i-th allele at the j-th locus in population Y.
The effective number of migrants (Nm) was estimated, assuming the n-island model of
population structure, on the basis of the relationship:
[5]
Isolation by distance was investigated as the correlation between pairwise FST / (1 - FST)
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and ln(km) (Rousset 1997). A linear regression was used to estimate the coefficients:
[6]
Pairwise geographic distances were calculated based on great circle distances using the
package "geosphere" (Hijmans, Williams et al. 2014) in R, according to which the distance D
between two points specified by (latitude, longitude) coordinates (α1, δ1) and (α2, δ2), with a
central angle of θ between the two point is
δ

δ
δ

δ

[7]

and R is the radius of the Earth, which we assume to be 6378.187km (Shumaker and Sinnott
1984).
Pearson correlation coefficients were computed for the genetic divergence (FST) between
subpopulations and the great-circle geographical distance between subpopulations. The
statistical significance of both sets of correlation coefficients was assessed by means of a
Mantel test (Smouse, Long et al. 1986) with 999 permutations via the package "vegan"
(Oksanen, Blanchet et al. 2013) in R. Based on individual level, the genomic relationship
matrix was constructed using the software "Gmatrix" (Su and Madsen 2011). The geographic
data were converted into a spatial distance matrix, where all the individuals from same herd
shared the same average spatial location. Similar Mantel test was also performed to test the
correlation coefficient between genomic relationship matrix and spatial distance matrix.
To investigate relationships between subpopulations, neighbor-joining (N-J) (Saitou and
Nei 1987) dendrograms were constructed from Nei's DS genetic distances using Poptree
Version 2 (Takezaki, Nei et al. 2010). Bootstrap values were obtained with 1,000 replicates
over loci. A principal component analysis (PCA) was carried out to illustrate the relationship
among the subpopulations using PLINK v1.9 with default settings. PCA was carried out
based on the variance-standardized relationship matrix and top principal components were
generally used as covariates in association analysis regressions to help correct for population
stratification. Top 20 principal components of the variance-standardized relationship matrix
were extracted and eigenvectors were calculated. Based on the result obtained from PLINK
10
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v1.9, a PCA plot was obtained from the software "Genesis" (Buchmann and Hazelhurst
2014) .
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Results
Genetic variability within Gyr cattle sub-populations
A total of 9176 SNPs in 588 samples from seven Gyr cattle subpopulations were studied.
Expected heterozygosity, observed heterozygosity, allelic richness, individual inbreeding
coefficient, genomic inbreeding level, major allele frequency, minor allele frequency and
percentage of SNPs which were not in Hardy Weinberg Equilibrium for each subpopulation
are given in Table 2.
The expected heterozygosity ranged from 0.239 ± 0.183 (Herd_750) to 0.262 ± 0.160
(Herd_24426) and the value for the full population was 0.264 ± 0.158, which was not
significantly different from the values of each of the subpopulations (P=0.265). For average
observed heterozygosity, the lowest value appeared in Herd_277 (0.260 ± 0.171) and highest
in Herd_270 (0.268 ± 0.189) and the value for the overall population was 0.263 ± 0.158,
which was not significantly different (P= 0.281). The allelic richness among all
subpopulations ranged from 1.65 (Herd_750) to 1.71 (Herd_265 and Herd_24426). For
inbreeding coefficient (FIS) in each subpopulation, the lowest inbreeding coefficient was
shown in Herd_270 with a value of -0.045, while the highest was shown in Herd_750 with a
value of 0.003. Based on calculation of FIS, the inbreeding coefficient of overall population
was -0.031, which has no significant difference with all subpopulations with a P-value 0.472.
When inbreeding level was calculated based on homozygous segments >4Mb, FROH for the
whole population was 0.0537. Herd averages of FROH were from 0.0373 (Herd_270) to
0.0663 (Herd_265), with no significant difference between herds (P = 0.0797).
There was no significant difference in minor allele frequencies among subpopulations.
Minor allele frequency ranged from 0.442 ± 0.351 in Herd_551 to 0.445 ± 0.347 in Herd_270
and Herd_750. The P-value for the difference in both minor and major allele frequencies was
0.638.
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Table 2 Genetic variability within Gyr cattle sub-populations*

Population

AR

He (SD)

Ho (SD)

FIS

FROH

1.71
1.66
1.70
1.68
1.69
1.65
1.71

0.251 (0.171)
0.259 (0.163)
0.254 (0.171)
0.256 (0.165)
0.247 (0.174)
0.239 (0.183)
0.262 (0.160)

0.261 (0.180)
0.266 (0.172)
0.268 (0.189)
0.260 (0.171)
0.264 (0.190)
0.265 (0.241)
0.266 (0.169)

-0.037
-0.018
-0.045
-0.011
-0.059
0.003
-0.004

0.0663
0.0415
0.0373
0.0505
0.0428
0.0423
0.0392

0.557 (0.348)
0.556 (0.342)
0.555 (0.347)
0.556 (0.345)
0.558 (0.351)
0.555 (0.357)
0.557 (0.340)

0.443 (0.348)
0.444 (0.342)
0.445 (0.347)
0.444 (0.345)
0.442 (0.351)
0.445 (0.357)
0.443 (0.340)

Overall population 1.71 0.264 (0.158) 0.263 (0.158) -0.031 0.0537

0.556 (0.347)

0.444 (0.347)

Herd_265
Herd_266
Herd_270
Herd_277
Herd_551
Herd_750
Herd_24426

Major Allele Frequency (SD) Minor Allele Frequency (SD)

*: AR (k=10); Allelic richness (expected number of alleles among 10 gene copies); He: gene diversity corrected for sample size; Ho: observed heterozygosity;
FIS: individual inbreeding coefficient based on information on Ho and He; FROH: genomic inbreeding level, level of autozygosity
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Genetic distance and geographic distance between subpopulations
Population differentiation was examined by fixation indices FST, FIT and FIS across all
loci. The average of genetic differentiation among all herds measured as FST value was 0.050
± 0.041. FIT value for the whole population was 0.019 ± 0.058 while the FIS value for the
whole population was -0.031 ± 0.047, showing an excess of heterozygotes (negative value).
Analysis of molecular variance illustrated that within subpopulation genetic variation
accounted for 94.98% among 7 subpopulations and between subpopulation genetic variation
accounted for 5.02% of the variance. For each pair of subpopulations, the differentiation
index (FST) and its significance are presented in Table 4 above diagonal, with the significant
values marked bold. FST values ranged from 0.004 (pairwise between Herd_277 and
Herd_750) to 0.077 (pairwise between Herd_265 and Herd_551). All the pairwise FST values
showed significant difference except pairwise FST between Herd_277 and Herd_750
(FST=0.005) and between Herd_750 and Herd_24426 (FST=0.006). Nei's genetic distances
between subpopulations are shown in Table 4 below diagonal. The greatest Nei's genetic
distance was found between Herd_265 and Herd_551 with the value of 0.022 while the
smallest Nei's genetic distance was found between Herd_277 and Herd_750 with the value of
0.001. The assessment of the effective number of migrants by generation (Nm) in Gyr
populations was 3.49.
The geographical distance between seven herds constituted a symmetrical matrix shown
in lower triangle of Table 5. The greatest geographical distance appeared between Herd_265
and Herd_551 with a spatial distance of 532 km while the shortest geographical distance
appeared between Herd_266 and Herd_277 with a spatial distance of 66 km. The application
of Rousset's isolation by distance method, as implemented in SPAGeDi v1.4c, allowed the
computation of parameters
0.014 for both

and

and

in Equation 6. The values obtained were -0.035 and

, respectively, with 29.89% of the variance explained by the

regression model (R2).
[8]
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The Mantel's test indicated that a potential positive correlation between genetic distance and
geographic distance existed at a considerable trend toward significance (r=0.624, P=0.068).
The phylogenetic relationships based on a neighbor-joining tree constructed based on
Nei's genetic distance and PCA were in agreement. Figure 3 shows an unrooted phylogenetic
neighbor-joining tree obtained from Poptree Version 2. The tree branch sizes are proportional
to the genetic distances among the Brazilian Gyr cattle subpopulation in this study. The
numbers shown on the nodes are the calculated bootstrapping values after 1000 replicates.
The neighbor-joining tree displayed two main clusters: Herd_270 and Herd-551 (Cluster 1),
Herd_265, Herd_24426, Herd_277, Herd_750 and Herd_266 (Cluster 2). Herd_265 and
Herd_551 had the longest genetic distance which has also been confirmed in the PCA plot
(Figure 4). The first principle component（PC） accounts for 4.895% of the total variance and
clearly distinguishes Herd_265 and Herd_750. The second principle component condenses
2.526% of the variation.
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Table 3 Analysis of Molecular Variance among seven Gyr cattle subpopulations in Brazil

Source of Variation
Among Populations
Within Populations
Total

Sum of Squares
60174.139
1365574.877
1425749.015

Variance Components
61.779
1168.156
1229.935

Percentage variation
5.023
94.977

Table 4 Pair-wise genetic differentiation (FST) values (above diagonal) and Nei's standard genetic distance (Ds) value (below diagonal) between the seven cattle
populations. Significant pairwise FST values were marked bold

Population

Herd_265

Herd_266

Herd_270

Herd_277

Herd_551

Herd_750

Herd_24426

Herd_265

-

0.053

0.060

0.051

0.077

0.052

0.032

Herd_266

0.019

-

0.036

0.029

0.056

0.019

0.015

Herd_270

0.022

0.013

-

0.034

0.058

0.029

0.022

Herd_277

0.018

0.010

0.012

-

0.057

0.005

0.007

Herd_551

0.028

0.020

0.021

0.021

-

0.051

0.047

Herd_750

0.017

0.006

0.009

0.001

0.016

-

0.006

Herd_24426

0.011

0.005

0.008

0.003

0.017

0.002

-
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Table 5 Pairwise spatial distances (km) between seven cattle populations

Herd_265

Herd_266

Herd_270

Herd_277

Herd_551

Herd_750

Herd_265
Herd_266

508.373

Herd_270

488.928

254.935

Herd_277

501.304

65.980

190.076

Herd_551

531.671

131.152

382.745

196.822

Herd_750

363.098

149.329

277.638

164.742

184.081

Herd_24426

496.376

12.008

250.793

64.491

132.846
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Figure 2 Plot of relationship between geographical distance ln(d) and pairwise F ST/(1-FST) for all subpopulation pairs

18

European Master in Animal Breeding and Genetics

Figure 3 Dendrogram showing genetic similarities among 7 Brazilian Gyr cattle subpopulations. This tree is constructed by the neighbor-joining method from Nei's
genetic distance. Numbers at the nodes represent the percentage of a group's occurrence in 1000 bootstrap replicates. This is an unrooted tree. The scale bar represents
a length of 0.002.
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Figure 4 SNP-based Principal Component Analysis (PCA) of 588 Gyr cattle from 7 subpopulations.
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Discussion
Analyses of within-breed genetic diversity determination
Genetic diversity is essential for genetic improvement and to promote rapid adaptation
to changing environments and breeding goals. In this study, 588 cows from seven different
geographical locations of two states in Brazil were genotyped for 45797 single nucleotide
polymorphism (SNP) markers and 9176 of them were applied to assess genetic diversity.
For the allele frequency there was no significant difference between the values obtained from
different herds. The nonsignificant values between subpopulations do not prove the loss of
genetic variation between subpopulations. Among all the herds, the average heterozygosity
was found to be 0.263, which is obviously higher than the result obtained from a similar
study based on SNP data of French Gyr cattle (0.156) (Gautier, Laloëet al. 2010). However
the current value of heterozygosity is much lower compare to other former diversity analysis
of Gyr cattle based on microsatellite dataset (Machado, Schuster et al. 2003, Azevedo 2010).
It was concluded that the average direct count heterozygosity for the nine loci was 0.306 and
the expected Hardy-Weinberg heterozygosity was 0.550 in 2003. The research afterwards
confirmed that the mean observed and expected heterozygosities for Gyr cattle across loci
were 0.73 and 0.75 respectively. The results of both observed and expected heterozygosity
values obtained from SNP markers were much lower than those estimated via using
microsatellite markers. It has become a debate of how to compare diversity estimates among
markers, with much focus on the effect of different mutation rates and levels of
heterozygosity between highly polymorphic markers, such as microsatellites, and less
variable markers such as SNPs (Waples and Gaggiotti 2006). It has been proved that the
mutation rates are relatively lower for SNPs than for microsatellite markers. For a
microsatellite marker, the expected locus-specific heterozygosity may reach more than 0.95,
while for SNP marker the maximum expected heterozygosity can only reach to 0.5. Thus this
could be a reflection of the multi-allelic nature of microsatellite markers to achieve a higher
21
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heterozygosity level than SNP markers. (Vignal, Milan et al. 2002).
The level of heterozygosity of Gyr cattle may also varied because of different spatial
locations. A recent study revealed that based on microsatellite information, the observed and
expected heterozygosity of Gyr cattle can reach 0.600 and 0.663 respectively in US
(Villalobos-Cortés, Martínez et al. 2015). Similar study showed that average heterozygosity
of Gyr cattle was observed to be 0.679 ± 0.09 among all the loci using microsatellite markers
in India (Kale, Rank et al. 2010). This could be explained by differences in population history
and management.
The inbreeding level based on FIS values of current Gyr population in Brazil is lower
compared to previous results. FIS was -0.031 ± 0.047 and except for Herd_750, all the values
of inbreeding coefficients were negative, which indicated an excess of observed over
expected heterozygosity. This negative inbreeding value was also confirmed recently where
FIS was evaluated as -0.0097 in Gyr cattle in Brazil (O’Brien, Höller et al. 2015). Similar
result was obtained that based on allele frequency, FIS value of Gyr was 0.0054 (Porto-Neto,
Sonstegard et al. 2013). With traditional methods using pedigree information, in 2007 an
average inbreeding coefficient of 1.96% was obtained in a commercial cattle breeds in Brazil
(Egito, Paiva et al. 2007). Similar average inbreeding coefficients of 2.82% (Reis Filho,
Lopes et al. 2010) and 2.14% (Santana, Pereira et al. 2014) were obtained on the population
structure analysis in Gyr cattle. However compared the other two alternative approaches, the
result obtained from FROH showed a higher level of inbreeding. Currently, ROH is the most
reliable approach to estimate the levels of inbreeding in cattle. Compared to the estimation
based on pedigree information, the inbreeding coefficient based on ROH can capture both
recent and distant inbreeding. Besides, ROH is also sensitive to stochastic nature of
recombination (Ferenčaković, Hamzić et al. 2013). Yet, the levels of autozygosity captured
by runs of homozygosity are substantially affected by the minimum length of a ROH allowed.
There, 4Mb was chosen as a threshold based on results of Ferenčaković et al.(Ferenčaković,
Sölkner et al. 2013), indicating that shorter runs include some wrong calls with the density of
the 50k SNP chip used in this study.
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Relationships between seven herds
Wright's F-statistics is an important tool to provide insights into evolutionary process
that influence the genetic variation between subpopulations. In this study a relatively high
density of markers was applied. The genetic differentiation analysis showed that the Gyr
cattle populations were genetically distinct. On average, the genetic differentiation (FST)
among different subpopulations was 0.050, a highly significant (p < 0.001) value, which
indicates that there was a great differentiation and a relatively low gene flow among the 7
herds included. It is also clear that most of the genetic variation (95%) is inter-individual and
5% of the total variation is due to isolated subpopulation differences. Estimates of pairwise
genetic differentiation based on the infinitesimal model (FST) were all significant after
Bonferroni corrections (p <0.05) except for the pair of Herd_277-Herd_750 and
Herd_750-Herd_24426, indicating that most of the subpopulations can be considered as
genetically separate entities. The estimated number of migrants per generation (Nm) between
populations was generally low (3.49) compared to the value among other breeds (Martínez,
Gama et al. 2012). The estimated number of migrants, i.e., the number of individuals
exchanged between populations per generation that would balance the diversifying effect of
genetic drift. The low value Nm indicates that the level of genetic material exchange is low,
although this level of migration is expected to maintain the genetic differentiation observed
between the subpopulations. It is also possible that the bulls are acquired from specific
subpopulations.
Similar magnitude of genetic differentiation has been reported in Zebu cattle between
different breeds. The result is in accordance with relevant study in diversity analysis of
Brazilian cattle breeds which confirmed that the average FST value was 0.0496 between zebu
breeds in Brazil (Egito, Paiva et al. 2007). However the value of overall genetic
differentiation (FST) among Gyr cattle subpopulations is higher than the former population
structure analyses of Brazilian Gyr cattle (FST = 0.023) (Reis Filho, Lopes et al. 2010). It was
predicted that the FST value between Gyr breed and Nelore breed was 0.0475 (O’Brien,
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Höller et al. 2015). The result we obtained was even higher compared to the value obtained
between different cattle breeds. Currently there are four types of farms in Gyr cattle breeding
system in Brazil : 1. multiplier herds which use both their own sires and sires from outside. In
the mean time, they also sell animals; 2. commercial herds which use both their both their
own sires and sires from outside. However all the animals are kept in the farm instead of
selling them; 3. nucleus farm which don't use the sires from outside but sell animals; 4.
isolated herds which have no connection with any other farms (Reis Filho, Lopes et al. 2010).
In this study, the information about type of farms of our targeted herds was not available.
Thus structuring of populations may occur through subpopulations with limited migration
and gene flow, resulting in completely isolated subpopulations that aggravate the problems of
conservation of genetic groups.
The highest pairwise FST value appeared between Herd_265 and Herd_551 with a value
of 0.077. For this pair of herds the geographic distance is also the greatest in this study.
Although the result obtained from the Mantel test indicated that the correlation between
genetic distance and geographic distance is not significant, this positive correlation was also
predicted via the phylogeny tree and principle variance component analysis.
However there are still three limitations in this current study. In current study, the degree
of spatial dispersion is still low. Although number of targeted animals is large (1613 cows),
only 36% of the animals (588) have access to complete GPS information. The cows
considered in this study were only spread in seven herds located in two states of Brazil.
Compared to the spatial distribution of Gyr cattle, it is hard to predict whether the result will
be representative to the current situation of the whole country.
Another limitation for this study is the restriction of sample size per herd. For example
in this study, Herd_750 only has five animals. It is hard to predict whether the genetic
differentiation of these five animals can represent the genetic differentiation of the whole
herd.
Ascertainment bias is a further issue that needs to be considered when using SNPs for
population genetic analyses as it may introduce a systematic bias in estimates of variation
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within and between populations. Ascertainment bias is the systematic deviation from the
expected allele frequency distribution that occurs because of the sampling processes used to
select marker loci (Nielsen 2000). Because of the small size of the ascertainment panel, the
possibility that this SNP is identified is a function of its minor allele frequency in this panel.
Thus it may influence the statistical measures which rely on allele frequency, such as
estimating nucleotide diversity, population structure etc (Helyar, Hemmer‐Hansen et al.
2011). Applying a more robust method such as genotype by sequencing technique can
provide a potential approach for correcting ascertainment bias (De Donato, Peters et al.
2013).
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Conclusions and Suggestions for Future Work
This is the first study related to genetic and geographic diversity of Gyr cattle in Brazil.
Judging from all the parameters for evaluating genetic diversity, the current study results
showed a higher genetic diversity than former research results in Gyr cattle. The overall
expected heterozygosity of total population was 0.264 ± 0.158. The average of genetic
differentiation among all herds measured as FST value was 0.050 ± 0.041. FIT value for the
whole population was 0.019 ± 0.058 while the FIS value for the whole population was -0.031
± 0.047, showing an excess of heterozygotes (negative value). However the genome wide
level of inbreeding based on proportions of the genome being in runs of homozygosity was
0.0537, which was higher than the values obtained based on allele frequency or pedigree
information, has confirmed to be a more realistic reflection of inbreeding level. The
assessment of the effective number of migrants by generation (Nm) in Gyr populations was
3.49. The largest geographic distance appeared between Herd_265 and Herd_551 with a
spatial distance of 532 km. As expected, FST and Nei's genetic distance were also greatest
between Herd_265 and Herd_551 with average value of 0.077and 0.022 respectively. The
application of Rousset's isolation by distance method provided the linear regression of
genetic distance on geographical distance:

with 29.89%

variance explained by the model. The Mantel test indicated that a potential positive
correlation between genetic distance and geographic distance with a considerable trend
toward significance (r=0.624, P=0.068). In the PCA analysis, the first principle component
（PC）accounted for 4.895% of the total variance and the second principle component
condensed 2.526% of the variation.
The genetic differentiation analysis showed that the Gyr cattle populations considered in
this study were genetically distinct. However in order to achieve a more representative results,
an increased number of animals per herd with complete GPS information is needed,
preferably from geographically more distinct areas. Besides, applying a more robust method
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such as applying genotype by sequencing technique could be a potential approach for
correcting ascertainment bias.
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