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ABSTRACT: Researches on genetic relationships among water buffalo populations are useful in supporting
conservation decisions and designing of breeding schemes. The aim of this study was to assess the genetic
relationships among Cuban Buffalypso/Carabao hybrids and Murrah and Jaffarabadi Brazilian buffaloes using
nine cattle microsatellite markers. During the analysis, four loci were excluded due to the presence of null
alleles, stuttering and gametic disequilibrium. Mean numbers of alleles and the heterozygosities observed and
expected in the three populations were not significantly different. Heterozygosities found were above 60%.
All five loci were in Hardy-Weinberg equilibrium. Wright´s index for estimating inbreeding were negative in
the three populations. A moderate population differentiation was found among Cuban and Brazilian populations.
The AMOVA showed that only 8.3% of the total variation observed occurred among breeds (P<0.05). The
multivariate factorial correspondence analysis showed low breed-specific clustering and most of Murrah and
Jaffarabadi Brazilian animals plotted overlapping. UPGMA dendrogram obtained from Nei’s DA genetic distance
differentiated two clusters, one grouped Cuban buffaloes (bootstrap value 89%), and the other included the
Brazilian populations (bootstrap value 100%). Bayesian clustering approach reinforced the previous results.
The origin of Buffalypso breed and its genetic management in Cuba could be the reason to the moderate
differentiation between Cuban and Brazilian populations. This study provided a preliminary analysis on genetic
relationships between Cuban and Brazilian buffaloes. The research must be extended to include a higher number
of microsatellite loci and buffalo populations from other geographical regions of each country.
Key words: Bubalus bubalis, Buffalypso, microsatellite markers, null allele, genetic relationships.

Relaciones genéticas entre búfalos (Bubalus bubalis) de Cuba y de Brasil
con el uso de marcadores microsatélites

RESUMEN: Las investigaciones sobre relaciones genéticas entre poblaciones de búfalos de agua son
fundamentales para las decisiones relacionadas con la conservación y el diseño de esquemas de mejora. El
objetivo de este trabajo fue estimar las relaciones genéticas entre búfalos de Cuba y de Brasil a través de
nueve marcadores microsatélites. Se excluyeron del análisis cuatro loci por presencia de alelos nulos, posibles
errores de lectura por tartamudeo de las bandas y desequilibrio gamético. No se encontraron diferencias
significativas entre las medias del número de alelos y las heterocigosidades observadas y esperadas en las
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tres poblaciones. Los niveles de heterocigosidad encontrados están por encima del 60%. Los cinco loci se
hallaban en equilibrio de Hardy-Weinberg. El índice de Wright para estimar la endogamia de la población fue
negativo en las tres. Se estimó una diferenciación moderada entre las poblaciones de búfalos de Cuba y de
Brasil. El AMOVA mostró que solo el 8.3% de la variación total observada estaba entre las razas. En el
análisis factorial de correspondencia se observó una baja especificidad en el agrupamiento en razas y una
ubicación sobrelapada de la mayoría de los animales brasileños. El dendograma UPGMA, a partir de la distancia
genética de Nei (DA), mostró dos grupos: uno agrupó a los búfalos cubanos y el otro incluyó a las poblaciones
brasileñas. El agrupamiento por métodos bayesianos reforzó los resultados previos. El origen de la raza
Buffalypso y su manejo genético en Cuba pueden ser las razones de la moderada diferenciación entre las
poblaciones de búfalos de Cuba y de Brasil. Estos resultados constituyen un análisis preliminar de las relaciones
genéticas entre búfalos de Cuba y de Brasil. La investigación debe ser ampliada para analizar un mayor número
de loci microsatélite, así como para incluir más poblaciones de otras regiones geográficas en cada país.
Palabras clave: Bubalus bubalis, Buffalypso, marcadores microsatélites, alelos nulos, relaciones genéticas.

INTRODUCTION

The water buffalo (Bubalus bubalis) is a versatile
species exploited from tropical to temperate regions.
Since their domestication 5000 years ago (1), these
animals have become important producers of milk,
meat, hides and draught animal (2). Nowadays, water
buffalo constitute a vital species in the lives of small
farmers and the economy of many highly populated
countries. According to FAO (http://faostat.fao.org/)
statistics (3), there were about 199.8 million buffaloes
in the world until 2013, 97.1% of which were in Asia
and only 0.7% in the Americas.

Historically, water buffalo has been divided into
swamp and river buffalo based on morphological,
behavioral and geographical criteria (1). They are
sometimes referred to as different subspecies, river as
Bubalus bubalis bubalis (21 breeds) (4) and swamp
as Bubalus bubalis carabenesis.

The introduction of water buffalo in Cuba was
relatively recent, dating from the 80s of last century.
Animals of the river breed Buffalypso were imported
from Panamá and Trinidad and Tobago Islands (5).
Buffalypso is the result of crossbreeding among several
Indian breeds such as the Murrah, Surti, Jaffarabadi,
Nelli, and Bhadawari (6). This breed was used in Cuba
for upgrading the larger population composed of swamp
buffaloes (Carabao) imported later from Australia (4, 5).
Current herds exceed widely the number of imported
animals, which is indicative of their adaptability to
existing environmental conditions in the country (5).

Research on genetic diversity and relationships
among water buffalo populations provides a useful tool
in supporting conservation decisions and designing of
breeding schemes. To date, only Acosta et al. (7)

analyzed the genetic diversity in Cuban buffalo
populations using molecular markers. No work has been
published on genetic relationships among Cuban
buffaloes and other water buffalo breeds. The aim of
this study was to assess the genetic relationships
among Cuban Buffalypso/Carabao hybrids and Murrah
and Jaffarabadi Brazilian buffaloes using nine cattle
microsatellite markers.

MATERIALS AND METHODS

Blood sampling and DNA isolation

Blood and hair samples from 64 Cuban buffaloes
(uncontrolled crossbreeds of Carabao and Buffalypso)
and 31 Murrah and 26 Jaffarabadi Brazilian water
buffaloes were collected from unrelated animals
belonging to the respective breeds in their native
breeding tract. Cuban samples were collected in
Mayabeque province while Brazilian Murrah and
Jaffarabadi samples were collected in Alagoas and
Pernambuco states, respectively.

Genomic DNA was extracted using Promega
Wizard® Genomic DNA purification kit in accordance
with the manufacturer’s suggested protocol (Promega
Corp., Madison, WI).

The quality and quantity of DNA (ng/ìL) for each
sample were analyzed using a spectrophotometer
(Nanodrop ND1000, Thermo Scientific).

Microsatellite genotyping

A total of nine heterologous bovine microsatellite
marker loci (CSSM006, CSSM008, CSSM019,
CSSM033, CSSM042, CSSM066, ETH152, ILSTS005
and INRA35), evaluated for diversity analysis in buffaloes
(8, 9), were used to genotype the sampled animals.
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Amplification of markers was carried out at a final volume
of 5 μL using the Master Mix Kit for PCR-multiplex
(Qiagen), following manufacturer’s instructions, 4.5 ng
of genomic DNA and 0.2-0.5μM of each primer.
Amplification conditions were as follow: 95°C for 15
min, 35 cycles at 95°C for 5 min, 57°C for 90 s and
72°C for 1 min, followed by a final extension step of
72°C for 30 min. Information regarding expected allele
sizes for each marker, fluorescent label and multiplex
are shown in Table 1.

Amplified fragments were separated in an automated
sequencer (ABI Prism 3100, Applied Biosystems), and
the generated data was analyzed with GeneMapper v
4.1 software (Applied Biosystems) for allele and
genotype calling. Allelic class determination was carried
out using FlexBin v.2.0 software (10).

Statistical analysis

Evidences of null alleles, large allele dropout and
scoring errors by stuttering were estimated with
MICRO-CHECKER software (11). The null allele
frequency (r) was obtained by two methods: Brookfield
et al.  (12) included in MICRO-CHECKER, and
Dempsters et al.  (13) EM method implemented in
GENEPOP v4.2 (14, 15).

To ensure that all loci were independently
segregating within populations, tests of gametic
disequilibrium (GD) were conducted for all combinations
of locus pairs within populations with GENEPOP v4.2
using exact tests that employ the Markov Chain method
to estimate p-values (1 000 dememorization steps, 100
batches and 1 000 iterations). Significance values for
multiple tests were adjusted with a sequential Bonferroni
correction (16).

Ewens-Watterson test for neutrality was performed
with 1 000 simulated samples using the algorithm given

in Manly (17), and implemented in POPGENE v 1.31
software package (18).

Polymorphism information content (PIC) was
calculated by MICROSATELLITE TOOLKIT v3.1 (19).

Allele frequency, number of alleles (Na), observed
heterozygosity (Ho), unbiased expected heterozygosity
(uHe), Wright’s Fixation Index  (FIS, within population
inbreeding estimate) and number of private alleles
across populations were all obtained with Excell
complement GenAlEx 6.5 (20, 21). The number of
alleles per locus and observed and expected
heterozygosities were compared among populations
using the Kruskal-Wallis non-parametric test (22)
included in SPSS (SPSS Inc., Chicago IL).

Allelic Richness (Ar) per locus and population were
found using FSAT v2.9.3.2 (23).

Deviations from Hardy-Weinberg Equilibrium (HWE)
were assed per locus per population also with
GENEPOP v4.2 software (14, 15) and the same Markov
chain settings used for GD tests. Significance values
for multiple tests were adjusted with a sequential
Bonferroni correction (16).

Population pairwise values of Wright’s Fixation Index
(FST, population differentiation), with estimation of
significance values based on 1 000 permutations, and
analysis of molecular variance (AMOVA) were done with
ARLEQUIN v3.5.1.2 (24). Significant values for FST were
corrected for multiple tests through sequential Bonferroni
correction (16).

Multivariate factorial correspondence analysis
(FCA) was used to condense the allelic data and
identify the population structure of the three buffalo
populations on a 3-D scatter diagram using GENETIX
4.05 software (25).

TABLE 1. Marker code, expected allele size, type of fluorescence and PCR-multiplex./ Código del marcador, talla 
esperada del alelo, tipo de colorante utilizado y agrupamiento para PCR-multiplex 
 

 

 

Microsatellites Allele size (bp) Fluorescent dye Multiplex 
CSSM006 192-218 FAM (blue) A 
CSSM033 154-176 FAM (blue) A 
CSSM042 170-200 TET (green) A 
INRA35 116-144 FAM (blue) A 

ILSTS005 174-180 TET (green) B 
ETH152 94-218 HEX (yellow) B 

CSSM066 172-192 FAM (blue) B 
CSSM008 174-192 TET (green) C 
CSSM019 124-150 TET (green) C 
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Nei´s (26) standard, DS, and Nei et al. (27), DA, genetic
distances among populations were obtained using
POPULATIONS v1.2.31 software (28). Dendrograms
were constructed with the same program using Neighbor
Joining (NJ) (29) and the UPGMA method (30) for
comparison. Bootstrap analyses with 1 000 replicates
were used to evaluate the internal consistency of the
suggested groupings, as well as the magnitude of the
sampling errors. Dendograms were visualized with
TREEVIEW 1.6.6 (31).

Population differentiation was also investigated by
a Bayesian clustering approach (BCA) using multilocus
genotypes, implemented in STRUCTURE v2.3.4
program (32). It assumes Hardy-Weinberg equilibrium
and linkage equilibrium between loci within each
population. The most probable number of populations
(K) given the observed genotypic data was estimated by
performing 10 independent runs for each K (1 ≤ K ≤ 5)
with burn-in length and MCMC iterations of 500 000 and
1000 000, respectively. We used the admixture model
and the option of correlated allele frequencies. Sampling
locations were used as informative priors for our small
data set (33).

The method of Evanno et al. (34) implemented in
STRUCTURE HARVESTER (35) was used to identify
the most probable K by determining the modal
distribution of ΔK. The different values of the number of
clusters (K) were also evaluated using the model choice
criterion Ln P (D), which is the posterior probability of
the data for a given K. The true number of clusters is
commonly inferred as that giving the maximal value of
Ln P (D).

RESULTS

Microsatellite markers

All markers were found to be polymorphic in the
three populations.

Analysis with MICRO-CHECKER evidenced null
alleles at loci INRA35 in Brazilian Murrah and CSSM006
in Cuban Buffalypso/Carabao hybrids. The r obtained
for INRA 35 by methods of Brookfield et al. (12) and
Dempster et al. (13) were 0.1778 and 0.2058,
respectively. In the case of CSSM006, the r was equal
to 0.1025 and 0.0839 by the aforementioned methods.
There was not evidence for large allele dropout in any
locus across the three populations.

Analysis with MICRO-CHECKER also suggested,
again in Brazilian Murrah (INRA 35) and Buffalypso/
Carabao hybrids (CSSM006), that stuttering might have
resulted in scoring errors, as is indicated by the highly

significant shortage of heterozygote genotypes with
alleles of one repeat unit difference at these loci.

Taking into account our limited resources to make
analytical and methodological corrections, and the fact
that these errors can contribute to an overestimation of
observable alleles, a decrease in observed
heterozygosity, an increase in the apparent level of
inbreeding (36), and promote an overestimation of
genetic differentiation (37), loci INRA35 and CSSM006
were dropped to downstream analysis.

After adjustment for multiple comparisons, tests of
GD showed two locus pair namely CSSM008/CSSM066
and CSSM033/CSSM019 in significant GD (P<0.05),
in Cuban Buffalypso/Carabao populations. In Brazilian
Murrah and Jaffarabadi populations only one locus pair
was in significant GD in each, CSSM019/ CSSM033
and CSSM008/CSSM066, respectively. GD creates
pseudo-replication for analyses in which loci are
assumed to be independent samples of the genome.
To avoid increased Type I error, one locus in the pair
should be discarded if significant disequilibrium is found
consistently between loci (38). Thus, loci CSSM008
and CSSM019 were also excluded from the subsequent
analysis.

The Ewens-Watterson neutrality test for each marker
suggested that all microsatellite loci studied were neu-
tral and unlinked to any selected trait, because the
observed F values were within the upper and lower limits
of 95% confidence interval of expected F value.

Marker ILSTS5 exhibited PIC values lower than
0.5 in the three populations. ETH152 and CSSM042
showed the same performance in Buffalypso/Cara-
bao hybrids and Jaffarabadi populations, respectively
(Table 2).

Diversity analysis

Across the five studied loci, a total of 88 alleles
were found. The total number of alleles per population
ranged from 26 in Brazilian Murrah buffaloes to 33 in
Cuban Buffalypso/Carabao hybrids. Locus CSSM033
showed the highest Na per locus (12) while ILSTS5
showed the lowest (2). Mean Na values were between
5.2 in Murrah and 6.6 in Buffalypso/Carabao hybrids.
Jaffarabadi population exhibited the highest mean Ar
(4.880) while Cuban hybrids showed the lowest value
(4.367).  Mean Ho values ranged from 0.602 ± 0.063 in
Cuban buffaloes to 0.684 ± 0.066 in Brazilian Murrah
population while mean uHe values were between 0.599
± 0.060 in Buffalypso/Carabao animals and 0.649 ±
0.067 in Murrah buffaloes (Table 2). The mean number
of alleles and mean observed and expected
heterozygosities were not significantly different among
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the three populations. Ten private alleles were identified
in two breeds which were distributed among four of the
five analyzed loci. Two alleles were unique to Jaffarabadi
breed, both with low frequency (1.9%). Cuban
Buffalypso/Carabao hibrids exhibited the eight remaining
alleles with frequencies range from 0.8 to 10.5%.

The exact test for HWE within populations showed
the five loci in equilibrium in the three populations, after
a standard Bonferroni correction. The mean value of FIS
was negative also in the three populations, indicating
no inbreeding (Table 2).

Population differentiation and relationships

In the FCA, the first three axes together explained
only the 20.93% of the overall variability  existing among
the buffalo individuals. Graphical presentation of FCA
plotted some animals of the three populations in an
overlapped state and exhibited low breed-specific
clustering (Fig. 1). Although the 3D plot indicated close
grouping of the three populations, most of Brazilian

Murrah and Jaffarabadi buffaloes overlapped and are
slightly separated from the majority of Cuban hybrids
animals. In Table 3 are shown values of Nei ́ s DA genetic
distance between pairs of populations and FST over all
loci. All pairwise population FST values were significant
(p<0.05) after a standard Bonferroni correction. The
smallest FST value (0.0227) was observed between
Murrah and Jaffarabadi buffaloes. This FST value was
below 0.05, indicating low genetic differentiation
between these populations (39). The largest FST  (0.1066)
was obtained between Cuban hybrids and Jaffarabadi
buffaloes and indicated only a moderate genetic
differentiation between these breeds (39). The AMOVA
showed that 92.7% of the total variation was found to
be within individuals and the remaining 8.3% was among
populations (p<0.05).

Comparing the results obtained using the matrix of
DA distance (27) and the matrix DS (26), it can be seen
that the former made possible the inference of a more
representative dendogram based on UPGMA method

TABLE 2. Sample size and genetic diversity measuresfor each population by locus. N: number of samples, Na: number 
of alleles, Ar: allelic richness, Ho:observed heterozygosity, uHe: unbiased expected heterozygosity, FIS:Wright Fixation 
Index (within population inbreeding estimate), PIC:polymorphisms information content./ Tamaño de la muestra y 
medidas de diversidad genética para cada población por locus.N: número de muestras,  Na: número de alelos, Ar: 
riqueza alélica, Ho: heterocigosidad observada, uHe: heterocigosidad esperada, FIS: Indice  de Fijación de Wright 
(consanguinidad intrapoblacional), PIC: contenido de información de polimorfismos. 

 

Populations Locus N Na Ar Ho uHe FIS PIC 
 CSSM033 30 6 5.208 0.833 0.724 -0.170 0.673 
 CSSM042 25 7 5.174 0.520 0.595 0.108 0.541 
Brazilian Murrah ILSTS5 27 2 2.000 0.556 0.409 -0.385 0.321 
 ETH152 12 5 5.000 0.833 0.775 -0.121 0.701 
 CSSM066 31 6 4.985 0.677 0.742 0.072 0.685 
 Mean 25 5,2 4.473 0.684 0.649 -0.099 0.584 
 SE 3.421 0.860 1.386 0.066 0.067 0.089 0.160 
 CSSM033 26 9   6.695 0.808 0.748 -0.101 0.703 
 CSSM042 26 6   4.944 0.385 0.528 0.257 0.490 
Brazilian Jaffarabadi ILSTS5 26 2   2.000 0.654 0.473 -0.410 0.356 
 ETH152 21 5   4.898 0.762 0.731 -0.068 0.669 
 CSSM066 26 7   5.861 0.577 0.735 0.199 0.678 
 Mean 25 5,8 4.880 0.637 0.643 -0.025 0.579 
 SE 1.000 1.158 1.771 0.075 0.059 0.120 0.151 
 CSSM033 63 12 6.547 0.762 0.718 -0.069 0.683 
 CSSM042 55 5 3.565 0.691 0.605 -0.152 0.526 
Cuban Buffalypso/Carabao ILSTS5 62 3 2.478 0.452 0.421 -0.081 0.348 
hybrid ETH152 57 5 3.856 0.456 0.516 0.109 0.472 
 CSSM066 63 8 5.390 0.651 0.734 0.107 0,687 
 Mean 60 6,6 4.367 0.602 0.599 -0.018 0.543 
 SE 1.673 1.568 1.602 0.063 0.060 0.053 0.145 
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than the Neighbor joining. The highest genetic distance,
based on the DA distance, was the one found between
the Cuban hybrids and Jaffarabadi buffaloes (0.1737),
while the Murrah and Jaffarabadi populations were closer
to each other (0.0809).The selected dendrogram
indicated a separation into two distinct groups (Fig. 2).
The first cluster was formed by the Cuban Buffalypso/
Carabao hybrid population with bootstrap value of 89%.

FIGURE 1.  Graphical presentation of multivariate factorial correspondence analysis (FCA)showing low breed-specific
clustering in the distribution of individual animals of three buffalo populations (black: Cuban Buffalypso/Carabao hybrids;
gray: Brazilian Murrah; white: Brazilian Jaffarabadi). Per cent value in each axe indicates contribution to the total genetic
variation./ Representación gráfica del análisis multivariado de factorial de correspondencia(FCA) que muestra el agru-
pamiento poco específico de las razas en la distribución individual de los animales de las tres poblaciones (negro:
híbridos Buffalypso/Carabao; gris: Murrah Brasileños; blanco: Jaffarabadi brasileños). El valor porcentual en cada eje
indica la contribución de estos a la variación genética total.

TABLE 3. Nei ´s DA genetic distance between pairs of populations (above diagonal) and population pairwise fixation 
indices (FST) statistics over all loci (below diagonal)./ Distancia genética de Nei, DA, entre las poblaciones (encima de 
la diagonal) e índice de fijación, FST, a partir de todos los loci (debajo de la diagonal). 

 
 

 
 

Brazilian  
Murrah 

Brazilian 
Jaffarabadi 

Cuban Buffalypso/Carabao 
hybrid 

Brazilian Murrah 0.0000 0.0809 0.1438 
Brazilian Jaffarabadi 0.0227 0.0000 0.1737 

Cuban Buffalypso/Carabao hybrid 0.0965 0.1066 0.0000 

Another cluster, with a bootstrap value of 100%, included
the two Brazilian breeds (Murrah and Jaffarabadi).

To confirm whether the two inferred clusters of buffalo
breeds were genetically distinct, BCA was performed.
The analysis showed division of genetic variation into
two clusters. Fig. 3 shows the proportion of an indivi-
dual genome from each breed that contributed to each
of the two clusters under a model with the highest pos-

https://comercio.softonic.com/esales/tienda/motor_tienda2.phtml?quehacer=comprar_programa&n_id=237
https://comercio.softonic.com/esales/tienda/motor_tienda2.phtml?quehacer=comprar_programa&n_id=237
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terior probability and K. The Brazilian Murrah and
Jaffarabadi animals were almost equally shared in the
first cluster (gray), with high membership coefficient,
0.997 and 0.987, respectively. The other cluster (black)
had contribution mainly from the Cuban Buffalypso/
Carabao hybrid animals, also with high membership
coefficient (0.969).

DISCUSSION

Extensive conservation of cattle microsatellite loci
in the buffalo genome, as shown by Navani et al. (9)
and Nagarajan et al. (40), means that cattle primer pairs
can be a very cost effective and time saving resource
for genetic diversity studies. In the present work genetic
diversity and relationships between Cuban and Brazilian
water buffalo populations were estimated using a panel
of five cattle microsatellite markers.

Errors in scoring microsatellite data can occur at
several steps of the assay, yet standard statistical
procedures to mitigate these errors are lacking (41,
42). In this study, two loci showed evidences of null
alleles and scoring errors by stuttering. Most of the
statistical tools to detect potential scoring errors
operate by testing for heterozygote deficiencies, which
can be indicative of genotyping errors (43), particularly
when identified in only a few loci (44). Demographic or
mating system processes such as a Wahlund effect or
inbreeding are expected to result in excess
homozygosity at all loci, whereas errors due to
stuttering, large-allele dropout and null alleles should
affect only a subset of loci (36), as occur in this case.

All markers used in this work have a dinucleotide
repeat motif.  Interpreting patterns at stutter-prone loci
becomes particularly difficult in the case of adjacent-
allele heterozygotes at loci having a dinucleotide repeat

FIGURE 2. UPGMA dendogram based on Nei’s DA genetic
distance showing two clusters. Numbers indicate the
proportion of bootstrap replicates sharing the labeled node./
Dendograma UPGMA basado en la distancia genética de
Nei, DA, que muestra el agrupamiento de las poblaciones
en dos grupos. Los números indican la proporción de ré-
plicas que compartieron el nodo en el remuestreo.

FIGURE 3. Graphical presentation of Bayesian cluster analysis under a model with the highest posterior probability and
K.The length of each colored segment is equal to the estimated proportion of the individual’s membership in the cluster of
the correspondent color. The Brazilian Murrah and Jaffarabadi animals were almost equally shared in the first cluster (gray).
The other cluster (black) had contribution mainly from the Cuban Buffalypso/Carabao hybrid animals./ Representación
gráfica del agrupamiento por métodos bayesianos (BCA) bajo un modelo con la mayor probabilidad posterior y K. La
longitud de cada segmento coloreado es igual a la proporción de pertenencia estimada de cada animal en el grupo del
color correspondiente. Los animales brasileños Murrah y Jaffarabadi estuvieron casi igualmente compartidos en el
primer grupo (gris). El otro grupo (negro) presenta contribución principalmente de los híbridos Buffalypso/Carabao de
Cuba.

https://comercio.softonic.com/esales/tienda/motor_tienda2.phtml?quehacer=comprar_programa&n_id=237
https://comercio.softonic.com/esales/tienda/motor_tienda2.phtml?quehacer=comprar_programa&n_id=237
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motif (36), it could be the reason for the detection of
scoring errors in this study.

Two methods were used to estimate null allele
frequencies. Chapuis and Estoup (37) reported the
Dempster et al. (13) method provided unbiased and
low variance estimates of r compared with Chakraborty
et al. (45) and Brookfield (12). However, a study carried
out by Kelly et al. (46) revealed that the method of
Brookfield (12) produced the most accurate estimates
of r compared with Dempster et al. (13), Chakraborty
et al. (45) and Van Oosterhout et al. (11). Despite the
differences in r values obtained in this investigation by
the two methods, they are still considered as high (r >
0.20) and/or intermediate (0.05 < r < 0.20) (37). Ginja
et al. (47) reported evidence of null alleles at high
frequency at INRA035 among 40 markers across
several Portuguese and other exotic cattle breeds. In
other research, Acosta et al. (48) using 30 markers to
assess genetic diversity and differentiation of five Cuban
cattle breeds, also reported locus INRA35 showing an
evidence for null alleles with r = 0.4 by the method of
Chakraborty et al. (45). In a study using 391 cattle
microsatellite markers, Nagarajan et al. (40) informed
that 79% of those deviated from HWE in Murrah water
buffaloes showed null allele presence.

Even if loci are not linked physically on a
chromosome, as occurred in this study, they can be
functionally related or under selection to be transmitted
as a pair. In the present work, significant GD was
detected between some markers in the three
populations. Nagarajan et al. (40) studied GD between
525 cattle and buffalo microsatellite markers using a
panel of 24 unrelated Murrah buffaloes. In the study,
the authors found a substantial level of GD between
the markers used, 12.9% of pairs of cattle markers
showed significant GD (p<0.05). The authors also
analyzed GD for 27 cattle microsatellite markers
genotyped on eight different buffalo breeds. The
investigation found that 11.4% of marker pairs were
significant at p<0.05 in Murrah breed and 27.1% in
Jaffarabadi.

Genetic markers showing PIC values higher than
0.5 are normally considered as highly informative in
population genetic analysis (49). In this work, three of
the markers (ILSTS5, ETH152, and CSSM042) showed
PIC values below 0.5, which implied to be moderately
informative (0.5 > PIC > 0.25) (50). Nevertheless, these
markers had been evaluated for genetic diversity
analysis in cattle and buffaloes and are extensively used
in research throughout (8, 9, 50, 51, 52, 53, 54).

Heterozygosity value is the most accurate way to
measure the genetic diversity of populations (55) and

to get an overview of genetic variability (56).
Heterozygosity values over 0.5 (50%) indicate a high
variation for the loci studied in the populations (57).
The mean heterozygosity values (over 0.6) found in this
study showed the presence of similar high levels of
genetic variability within the three buffalo populations.
This result could be explained by the occurrence of low
selection pressure due to no application of improvement
programs in these three populations. The admixture of
genes from various Indian buffalo breeds and Carabao
present in Cuban buffaloes, and the crossbreeding
between different river buffaloes imported to Brazil, could
also support this finding.

Genetic diversity studies of Cuban water buffalo
population have started recently in Cuba. Acosta et al.
(7) reported means of Na (5.44), He (0.54) and Ho (0.46)
lower than those found in this study. They also observed
a positive mean FIS value (0.148), indicating inbreeding
evidence. It was not found in the present work.

Comparing with some researches using
microsatellite markers for Brazilian buffalo genetic
diversity analysis, Albuquerque (58) reported CSSM033
and ILST005 with higher and lower Na values,
respectively, in Murrah buffaloes. This is in accordance
with the present study. This author found a higher mean
Na value in Murrah (6.53) than the value found in this
study. He value (0.616) was lower and the significant
mean FIS values (0.145, p<0.05) indicates inbreeding,
different from the not inbreeding evidence obtained in
this work. In Jaffarabadi buffaloes, the author found a
Na mean (6) almost similar to that exhibited in this
study. He value was lower (0.545) and FIS mean
significant values (p<0.05) (0.330) also indicates
inbreeding. In another study, Marques et al. (59) found
lower mean values of Na, He and Ho in Murrah (4.5,
0.593, and 0.514) and Jaffarabadi (4.54, 0.5324, and
0.4756) animals. Significant FIS mean values (p<0.001)
in Murrah (0.135) and Jaffarabadi (0.108) was also
observed by the authors, again showing differences with
the results obtained in this work. Vieira (60) reported
slightly higher He (0.709), and lower Ho (0.653) values
in Murrah. In Jaffarabadi, both He and Ho were lower
than the results of this study, 0.573 and 0.496,
respectively.

The high heterozygosity and the absence of
inbreeding observed in this Cuban buffalo population
guarantee its fitness to the environment and the
maintenance of its productive and reproductive levels.

The values of the genetic differentiation between
water buffalo populations in the present study are simi-
lar to those reported for these (51, 58, 61) and other
species (48, 62, 63), where the greatest variability is
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exhibited within breeds and is independent of the
technique used in the analysis.

In this work, a correspondence among the different
methods used to assess the genetic differentiation of
the studied populations was observed. MacHugh et al.
(64) referred that the concordance among different
methods to study the genetic differentiation between
individuals or populations highlights the robustness of
the results.

The genetic relationship showed among Cuban
Buffalypso/Carabao hybrid animals and Brazilian breeds
could be explained taking into account the origin of
Buffalypso breed and its genetic management in Cuba.
Cuban animals were expected to share alleles with
Murrah and Jaffarabadi buffaloes, as these two breeds
contributed to the Buffalypso formation. The contribution
made by other Indian riverine breeds to this composite
breed, and the uncontrolled mating of Buffalypso
animals with Australian Carabao buffaloes, were
expected to increase the genetic distance among
Cuban hybrids and Murrah and Jaffarabadi Brazilian
buffaloes. However, the results showed small genetic
distances and an intermediate differentiation between
Cuban and Brazilian populations. Interestingly, pairwise
FST values between Cuban Buffalypso/Carabao hybrids
and each Brazilian buffalo breed are slightly lower than
the FST value (0.109) reported by Marques et al. (59)
between Murrah and Jaffarabadi Brazilian populations.
Vieira (60) also reported higher value of Nei´s DA genetic
distance (0.234) between Murrah and Jaffarabadi
Brazilian buffaloes than those found in this study among
Cuban and Brazilian animals. These results could be
related to the reduced number of populations and loci
microsatellite analyzed.

Genetic differentiation studies also suggest the
occurrence of allele sharing between the Murrah and
Jaffarabadi Brazilian buffaloes. As it was explained by
Albuquerque (58), in Brazil, the different buffalo groups
were subjected to reciprocal crosses, especially
Murrah, Mediterranean and Jaffarabadi animals.
According to Santiago (65), in 1918, 1920, and 1947,
imports of animals with predominance of blood of both
Jafarabadi and Murrah, and possible crosses between
these breeds might occur. These data are also
confirmed by Marcondes et al. (66), which reported that
Marajoara breeders held crosses between Murrah and
Jafarabadi, disseminating, thus, alleles in common
between the breeds. That fact, together with a common
Indian origin of these breeds (66, 67), could explain the
observed results. However, Albuquerque et al. (68)
explained that these alternate crossbreeding did not
alter in a significant manner the original gene pool of
the Murrah and Jaffarabadi animals which can be

considered genetically distinct, despite the existence
of shared genetic groups.

CONCLUSIONS

Using five cattle microsatellite markers, the present
study provided a preliminary analysis on genetic
relationships among Cuban hybrid animals and Murrah
and Jaffarabadi Brazilian buffaloes. The obtained
results increase the knowledge about the genetic
composition of the Cuban buffaloes in order to a better
genetic handling of the animals, not only to improve
their productive and reproductive traits but also to their
conservation. Moreover, to get a more accurate
estimate of the genetic relationships among the
considered breeds, the research must be extended
to analyze a higher number of microsatellite loci as
well as to increase the number of populations and
their geographical localizations in each country.
Besides, there is a need to include Carabao animals
and other river buffalo breeds in further studies.

As all microsatellite loci analyzed in this work
derivate from cattle, and cross-species amplification in
buffalo could possibly lead to ascertainment bias (69),
future examinations on buffalo-isolated loci and
reciprocal analyses are needed.
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