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ABSTRACT: The linkage disequilibrium (LD) is a non-
random association among two or more loci and it is 
important for fine-mapping the quantitative trait loci (QTL). 
The aim of the present study was to evaluate the linkage 
disequilibrium in buffaloes in Brazil. A total of 452 
buffaloes (57 sires and 395 dams) were genotyped. After 
the quality control, 58,585 SNPs were used in the study. 
Analysing the minor allele frequency (MAF), it is possible 
to observe that, as the MAF class increases, the frequency 
of the class decreases. The mean MAF obtained was 0.22. 
For the LD analyses, the general mean was 0.29 to r2 and 
0.72 to |D'|. The disequilibrium observed for the markers 
presented in the chip is high for small distances. These 
results indicate that these SNPs may be useful to calculate 
genomic values and identify QTL in buffalo population in 
Brazil.  
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INTRODUCTION 
Recent advances auxiliary in the study and 

comprehension of the genetic process. Among these 
technologies are the genome sequencing and the use of 
single nucleotide polymorphisms (SNPs). The sequencing 
done using BAC (bacterial artificial chromosome) and 
WGS (whole-genome shotgun) enables the construction the 
genome of a specie and permits to determine the position of 
the SNPs and other generated sequences (Biffi et al. 2010). 

There is no reference genome for buffalo species 
available, however, some buffaloes from different breeds 
were sequenced and aligned with the cattle genome. It 
facilitated the identification of millions of buffalo sequence 
variants and allow to make inference about spacing of SNPs 
on the buffalo genome sequence. Based on the frequency of 
the variants, among and within the breeds, and their 
distribution in the cattle genome 90,000 putative SNPs were 
selected to create the matrix 90K Axiom ® Buffalo 
Genotipagem (Affymetrix 2013). 

The genomic selection explores the linkage 
disequilibrium (LD) among the markers, because it 
presumes that the markers are in linkage disequilibrium 
with the QTL regions for all the population (McKay et al., 
2007). The LD is a non-random association among two or 
more loci and it is important for fine-mapping the QTL 
regions (Meuwissen e Goddard, 2000). Based on this 
concept, our aim was to study the linkage disequilibrium in 
buffaloes in Brazil.  

 

MATERIALS AND METHODS 
Genotyping and Quality Control. Were 

genotyped 452 buffaloes (57 sires and 395 dams). The 
genotyping was performed by panel of 90K Axiom® 
Buffalo Genotyping Array of Affymetrix. The quality 
criteria used to sample were: dish QC>0.96, call rate >0.92 
e heterozigosity between ± 3 standard deviations of the 
average. To quality control of markers was used: call rate> 
0.95, MAF>0.05 and HWE≤ 1×10-6. Additionally were 
excluded SNPs in sexual chromosomes, with unknown or 
coincident position and probable physical mistakes in 
regard to reference map. 

Linkage Disequilibrium. The LD between two 
markers was estimated using the statistics r² and D', both 
obtained using PLINK software (Purcell et al., 2007). If the 
two loci are independent, the expected frequency of 
haplotype AB (freq. AB) is calculated as the product 
between freq. A and freq. B. A freq. AB higher or lower 
than the expected value indicates that these two loci in 
particular tend to segregate together and are in LD. 

To analyze the decline in LD according to physical 
distance between markers, SNP pairs were classified into 
intervals (bins) based on the distance between markers and 
mean values of r² and |D'| were estimated in each 
chromosomes. In order to adjust the LD decline curve for 
the physical distance, it was used the function described by 
Hill and Weir (1988). 

 
RESULTS AND DISCUSSION 

After the quality control, at total of 58,585 SNPs 
remained in autossomal chromosomes. This number is 
higher than the number of polymorphic SNPs obtained for 
us, using on buffalo the High Density BeadChip (Illumina) 
developed to bovines (15,745 SNPs). In Figure 1, there is a 
description of the MAF classes frequencies for each 
autossomal chromosome. It is possible to observe that, as 
the MAF class increases, the frequency of the class 
decreases. The mean MAF obtained in the study was 0.22, 
considering 58,585 SNPs. These results are lightly superior 
to the ones obtained by Matukumalli et al. (2009) (0.19) for 
Nellore cattle breed and lightly inferior to the ones obtained 
by Espigolan et al (2013) (0.25) for Nellore breed too. 
McKay et al. (2007) also described similar frequencies and 
tendencies to the ones described in the present study for 
Brahman and Nellore cattle. However, the same authors 
described different frequencies and tendencies (the 
frequency increases and the MAF increases too) using 
taurine breeds. The small differences in the present study 
may also be because it is a different species.  

Analyzing the LD, the general mean was 0.29 to r2 
and 0.72 to |D'|. Analyzing the mean for chromosome, the r2 
varied from 0.17 to 0.33 and the |D'| varied from 0.41 to 
0.80. Silva et al (2010), analysing the LD in 25 Gir cattle 



sires with a 54,000 SNPs panel obtained similar mean 
values for r2 (0.21), but lower values for |D'| means (0.68). 
Analyzing each chromosome, the same authors report 
similar values for r2 (0.20-0.24) and |D'| (0.60-0.72). The 
results found in this study were also similar to the ones 
obtained for zebu cattle (McKay et al., 2007). According to  

Hayes et al., (2003), the effective size of the 
population (Ne) influences the LD. Santana et al (2011) 
described a low Ne (40,10 ± 1,27) for the buffalo 
population in Brazil, so, the effective size of the buffalo 
population may collaborate for a light overestimation of the 
LD measures (Yan et al 2009). 

In order to analyze the LD measures decline 
according to the physical distant among the markers, the 
pairs of SNPs were classified in base pairs intervals and the 
r2 mean was estimated by chromosome (Figure 2) and for 
the whole genome. As it was expected, the LD values 
decreased as the distance among the markers increased. 
When it was estimated by chromosome, it was also possible 
to observe a bigger difference in the r2 means than in |D'| 
means. It indicates that the r2 statistics are more sensible for 
LD measure than |D'|. 

However, the standard deviation of the r2 estimates 
was bigger than the |D'| ones (in smaller distances). It 
probably happens because the |D'| is overestimated, giving 
closer values to the superior threshold (1). It reduces the 
variance of the initial intervals. As the interval increased, 
the estimates decreased, it enabled better estimates of the 
standard deviation. A contrary tendency was observed for 
r2, its standard deviation decreased as the interval increased. 
It is expected, because if the interval increases, it increases 
the estimated frequencies that are equal to zero, reducing 
the variability. These results indicate that the r2 is the best 
measure to analyze the LD. The |D'| in long interval has 
limitations. 

Table 3: Linkage disequilibrium  (r2 and |D'|) among 
pairs (N) of SNPs separated in different distances for all 
the autossomals.  

Distance 
(kb) 

N Mean r² 
±SD1 

Mean |D'| 
±SD1 

% r2 > 
0.32 

% |D'| > 
0.82 

0 – 1 118 0.58±0.39 0.76±0.14 22 52 
1 – 2 295 0.52±0.41 0.88±0.17 20 48 
2 – 3 222 0.51±0.40 0.86±0.18 19 44 
3 – 4 318 0.45±0.39 0.85±0.20 17 42 
4 – 5 432 0.42±0.37 0.84±0.22 16 40 

5 – 10 1022 0.39±0.38 0.81±0.24 14 39 
10 – 20 8462 0.32±0.34 0.78±0.26 13 38 
20 – 30 12887 0.30±0.32 0.76±0.30 12 37 
30 – 40 10028 0.26±0.28 0.75±0.30 10 35 
40 – 50 6801 0.24±0.28 0.73±0.32 9 34 
50 – 60 3063 0.21±0.25 0.72±0.33 8 32 
60 – 70 2248 0.20±0.25 0.71±0.32 7 30 
70- 80 1677 0.18±0.24 0.70±0.33 5 28 
80 – 90 1229 0.17±0.23 0.69±0.33 4 27 

90 – 100 826 0.17±0.22 0.67±0.33 3 25 
1 Standard deviation; 2 Percentage of SNP pairs with r2 > 0.3. e |D'| > 0.8. 

 
Figure 1: Proportion of SNPs for various bins of MAF 
calculated for each chromosome. 
 

Figure 2: Mean values of r² and |D’| per chromosome 
according to distance between markers. 

 
 



In Figure 2, it is possible to see that, within the 
established distances among the markers, the LD (r2 and 
|D'|) is constant. 

In Table 1, high r2 levels were observed for 
distances smaller than 10 Kb and moderate r2 levels (0.20-
0.32) were observed for bigger distances (10Kb-70Kb). 
Lower r2 levels were observed for distances bigger than 70 
Kb. For 5Kb distances, approximately 50% of the markers 
presented mean LD (r2) bigger than 0.30. Between the 
distances of 90Kb and 100Kb, the mean LD was 0.17. 

McKay et al. (2007) estimated the LD among all 
the markers pairs in a distance of 100 Kb and found means 
varying from 0.15 to 0.20 for six taurine cattle breeds and 
two zebu breeds.  

The results obtained indicate enough density to 
establish a linkage disequilibrium among the chromosome 
segments signalized by these markers and a possible QTL, 
mainly for distances smaller than 60 Kb (moderate and high 
r2 values). The LD results also indicate that the SNPs may 
be used to estimate the genomic values. In order to correct 
for the decline of r2 values and allow a better visualization 
the decline function described by Hill e Heir (1988) was 
used. 

 
CONCLUSION 

The linkage disequilibrium observed for markers 
that are in the chip showed good results for small distances. 
The SNPs may be adequate to calculate genomic values for 
buffaloes in Brazil. However, the effective population size 
must be considered in order to maintain the genetic 
diversity. It is necessary that the mates must be monitored 
in order to avoid inbreeding.  
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