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ABSTRACT: The objective of this study was to character-
ize two populations of Murrah buffaloes in Brazil and Cu-
ba, using nine microsatellites markers. Hair samples of 121 
animals were collected, 57 in Brazil and 64 in Cuba. Analy-
sis of molecular variance showed that 7.0% of the total 
variation was due to differences among populations and 
83.0% due to intrapopulation differences. The principal 
component analysis showed that the first two components 
accounted for 44.54% of all the variation among popula-
tions and a third component with a percentage of 16.64%. 
The results suggest the existence of substructure in popula-
tions, showing that there are genetic differences between 
populations and within populations. The microsatellites 
studied are polymorphic and able to identify the variability 
and genetic diversity in buffaloes. 
Keywords: animal genetic resources; buffaloes; genetic 
conservation; microsatellites  
 
 

Introduction 
 

Buffalo is widely chosen for production of milk in 
different South Americans countries, especially in Argenti-
na, Brazil, Colombia and Venezuela. There has been in-
crease in buffalo population in these countries and more 
appropriate sanitary practices and production control have 
been adopted, including reproductive characteristics which 
enables the creation of important databases. Buffaloes pro-
duce about 1,000 kg/lactation, on a one milking per day, 
and lactation length ranging between 250-270 days. They 
have shown significant response to the selection process, 
for its high genetic variability. At some points, it has been 
observed an above-average 2,500 kg of milk per animal. 
The use of highly polymorphic markers as microsatellites is 
extremely important to investigate the genetic status, i.e. 
knowledge of the differences and/or demonstrations of 
genetic uniqueness of a taxon to enable the proper man-
agement of natural or artificial populations of this taxon 
(Barker et al, 1997; Baratti et al, 2001). Markers are partic-
ularly important to access intra-racial diversity, levels of 
inbreeding, genetic differentiation between breeds, and 
mixed breeds introgression (Freeman et al, 2005). Moreo-
ver, the availability of informative genetic markers such as 
microsatellites are essential for building high-density genet-
ic maps, as well as in studies of genetic diversity and spe-
cies conservation for purposes of selection of traits of eco-
nomic interest and maximum maintenance of genetic diver-
sity natural and domesticated herds. It is important to em-

phasize the need for genetic studies related to dairy buffa-
loes with milk aptitude, since these animals are of great 
importance in much of the world, particularly in emerging 
countries for their high quality milk. Thus, the aim of this 
work was to characterize populations of Murrah buffaloes 
in Brazil and Cuba, based on microsatellite markers. 

 
Materials and Methods 

 
Collection of biological material. Hair samples 

from 121 buffaloes were collected: 57 from Brazil and 64 
from Cuba. The samples were collected with the capillary 
bulb and placed in envelopes marked with information on 
sex, origin and identification of the animal. They were 
stored at room temperature until the time of DNA extrac-
tion. 

 
DNA extraction. The extraction of leukocyte 

DNA (genomic) was performed in the Applied Molecular 
Animal Physiology Lab – FAME at the Federal Rural Uni-
versity of Pernambuco - UFRPE. Genomic DNA was ex-
tracted from 30 to 50 hair bulbs according to the methodol-
ogy of Boyce et al. (1989), with some adaptations. Thus, in 
each micro tube containing 1.5 ¶ l bulbs were added 500 ul 
of extraction buffer with 2% CTAB (cationic detergent 
cetyl trimethylammonium bromide) and mercaptoethanol. 

 
Microsatellites markers. Nine microsatellites 

were checked (CSSM019, CSSM006, CSSM033, 
CSSM042, INRA35, ILSTS5, ETH152, CSSM008 and 
CSSM066) following the recommendation by FAO (Food 
and Agriculture Organization)/ISAG (International Society 
of Animal Genetics) for the study of genetic diversity in 
buffalo. The microsatellites were amplified by PCR using 
multiplex-0.1 to 0.4 mM of primers labeled with different 
fluorescence (6 'FAM, HEX and NED) from Qiagen Master 
Mix kit according to the manufacturer's specifications. For 
each multiplex reaction, 4.5 ng of DNA was used. The PCR 
products were subjected to capillary electrophoresis se-
quencer ABI Prism 3730 automatic model (Applied Biosys-
tems) and the results of analysis of allelic fragments and 
declaration were performed with the GeneMapper software 
v. 4.1 (Applied Biosystems). 

 
Statistical analysis. The total number of alleles 

(NTA), effective number of alleles (ENA), allelic frequen-
cy, frequency of private alleles per locus (AP), observed 
heterozygosity (Ho), expected heterozygosity (He), analyz-
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es of molecular variance (AMOVA), Wright's F statistics 
(FST, FIS and FIT) (Weir, Cockerham, 1984) per locus and 
analysis of Principal Coordinates were calculated per locus 
and population with GenAlex v. 6.3 (Peakall, Smouse, 
2006). 

 
Results and Discussion 

 
Population structure. The result of the analysis of 

molecular variance showed that only 7% (P <0.0001) of 
total variation was due to differences between populations 
(FST = 6.6%) and 83% due to differences within popula-
tion, indicating that most part of the difference arises be-
tween individuals within populations. 

 
Intrapopulation genetic variability. Table 1 

shows values for the quantitative analysis of the intrapopu-
lational genetic variability of parameters: total number of 
allele (TNA), effective number alleles (ENA), expected 
heterozygosity (He), observed heterozygosity (Ho) and F 
statistics (FIS, FIT and FST) for all populations. The nine 
loci generated 56 alleles in the studied populations (average 
of 6.222 alleles per locus). The total number of alleles per 
locus (NAL) ranged from 2.5 for ILSTS5 to 10.5 alleles for 
CSSM033. The effective number of alleles ranged from 
1.591 (INRA35) to 4.177 (CSSM019). The average values 
for observed heterozygosity (Ho) per population averaged 
0.628, ranging from 0.427 (INRA35) to 0.848 (CSSM066) 
while the average expected heterozygosity (He) ranged 
from 0.365 (INRA35) to 0.758 (CSSM019) averaging 
0.610. The CSSM019 (0.705), CSSM033 (0.783) and 
CSSM066 (0,848) markers showed a high average degree 
of observed heterozygosity (Ho) with values higher than 
70%. A marker is considered as highly polymorphic when 
showing heterozygosity greater than 70%, according to Ott 
(1992). The FST per locus ranged from 0.018 (CSSM006) 
to 0.157 (ILSTS5) and the average value was 0.042. It 
means that only 4.2% of the total genetic variation was 
explained by differences among populations and most of 
the genetic diversity (95.8 %) corresponded to differences 
among individuals within populations. The average values 
of FIS and FIT for all loci were -0.039 and 0.007 respec-
tively. FIT is the fixation index or inbreeding coefficient for 
both populations, meaning that a value of 7% of the popula-
tion subdivision was observed. On the other hand, FIS is the 
coefficient of inbreeding within the population that ranges 
from -1 when all individuals are heterozygous to +1 when 
there is no heterozygotes in the population. Five loci 
showed negative FIS in this study. It suggests that there is 
an excess of heterozygotes in these loci or outbreeding. The 
average value of negative FIS (-0.039) probably reflects the 
genetic variability of general population. 

 
Inter-population genetic variability. Two components 
account for most variation among populations in the main 
component analysis (CPA). The two main coordinates ac-
counted for 44.54% of all the variation between popula-
tions. The first one accounted for 25.04% of the variation 

whilst the second totaled 19.5% (Figure 1). A third compo-
nent with a percentage of 16.64% also contributed to the 
total observed variation in populations. The three compo-
nents resulted in a cumulative percentage of 61.18%. The 
results of this analysis showed that there are genetic charac-
teristics within both populations that make them distinct. 
Therefore there is a group of individuals in both popula-
tions presenting genetic similarities between them. 
 
Table 1. Per locus estimates of genetic variability of nine 
               SSR markers in buffaloes 
Loci Tna Ho He FIS FIT FST 
CSSM 
019 10 0,705 0,758 0,069 0,102 0,035 

CSSM 
006 6,5 0,478 0,591 0,191 0,206 0,018 

CSSM 
033 10,5 0,783 0,719 -0,088 -0,064 0,022 

CSSM 
042 7 0,571 0,584 0,022 0,053 0,032 

INRA 
35 3 0,427 0,365 -0,168 -0,143 0,021 

ILSTS 
5 2,5 0,518 0,430 -0,205 -0,016 0,157 

ETH 
152 5 0,622 0,622 0,000 0,048 0,047 

CSSM 
008 5 0,697 0,688 -0,013 0,006 0,019 

CSSM 
066 6 0,848 0,732 -0,159 -0,127 0,028 

Média 6,222 0,628 0,610 -0,039 0,007 0,042 
Tna = total number of alleles; Ho = observed heterozygosity; He = ex-
pected heterozygosity; FIS = inbreeding coefficient in relation to 
subpopulations; FIT = fixation index as the global population; FST = 
inbreeding due to differentiation of subpopulations in the total population 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Representation of the principal components 
analysis of two populations derived from the pattern of 
Nei (1972) genetic distance 
 
 
 



Conclusion 
 

The results suggest the existence of substructure popu-
lations with genetic variability between populations and 
within populations, with a higher genetic diversity within 
than between populations. 

 
The microsatellites are polymorphic and able to identi-

fy the variability and genetic diversity in buffaloes. 
 

Literature Cited 
 

Barker, J. S. F., Moore, S. S., Hetzel,  D. J. S. et al. (1997). 
Anim. Genet., 28:103-115.  

Baratti, M., Alberti, A. Groenen, M. et al. (2001). Anim. 
Genet., 32:222–225. 

Boyce, T. M., Zwick, M. E., Aquadro, C. F. (1989). Genet-
ics, 123:825–836. 

Freeman, A. R., Bradley D. G., Nagda S.  et al. (2005). 
Anim. Genet., 37: 1–9.  

Ott, J. (1992). Amer. J. of Hum. Genet., 51:283-290. 
Peakall, R.O.D., Smouse, P. E. (2006). Mol. Ecol., 6:288-

295.  
Weir, B. S., Cockerham, C. C. (1984). Evolution, 38:1358-

1370. 


