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ABSTRACT

India is mega diversity center for buffalo 
breeds among that Mehsana is one of the best milk 
breeds of buffalo. Diacylglycerol acyltransferase 1 
(DGAT1) is a microsomal enzyme that catalyzes 
the final step of triglyceride synthesis. The 
DGAT1 gene is a strong functional candidate for 
determining milk fat content. In this work, we used 
different techniques viz., Polymerase chain reaction 
– restriction fragment length polymorphism (PCR-
RFLP), Allele specific PCR (AS PCR), Single 
extension assay (SNaP Shot) and direct sequencing 
to screen the nineteen reported single nucleotide 
polymorphisms (SNPs) in DGAT1 gene in 130 
unrelated Mehsana buffalo (Bubalus bubalis) 
reared under field progeny testing programme 
operated by Dudhsagar Research and Development 
Association (DURDA) in the Gujarat. SNP 
g.8259G>A was significantly associated with first 
lactation yield. However, no SNP was associated 
with milk fat content in Mehsana buffalo. The 
result presented here is preliminary and require 
further investigation on large population.

Keywords: DGAT1, PCR-RFLP, Allele specific 
PCR, Single extension assay, SNP

INTRODUCTION

There are 177.25 million buffalo in the 
world distributed 96.4% in Asia, 2.8% in Africa 
mainly in Egypt, 0.2% in Europe mainly in Italy 
and 0.6% in America mainly in Brazil. India has 
56%, Pakistan 14% and China 13% of world buffalo 
population constituting nearly 98% of water buffalo 
in Asia (FAO, 2010). India’s diversity in buffaloes 
is multifarious. There are 13 recognized breeds 
(Bhadawari, Jaffarabadi, Marathwadi, Mehsana, 
Murrah, Nagpuri, Nili Ravi, Pandharpuri, Surti, 
Toda, Banni, Chilika, Kalahandi) of water buffalo 
(Bubalus bubalis) spread out largely in Northern 
and Western India (http://www.nbagr.res.in/regbuf.
html). Mehsana is one of the best milk breeds of 
buffalo in India (Gupta, 1997) and inhabits the 
northern part of the Gujarat state (Figure 1) and 
derives its name from the town “Mehsana” in the 
North Gujarat State. The average milk yield is 
between 1200 to 1500 kg per lactation (Pundir et 
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al., 2000).
Many candidate genes with different 

functions in metabolism have been proposed as 
affecting milk yield and composition in dairy 
cattle, such as Diacylglycerol acyltransferase 
(DGAT1) ( Grisart et al., 2002), Leptin receptor 
(LEPR) (Silva et al., 2002), Butyrophilin 
(BTN1A1) (Ogg et al., 2004), Pit1 (de Mattos et al., 
2004), Growth hormone (GH) (Muhaghegh et al., 
2006), Osteopontin (Leonard et al., 2006), Leptin 
(Javanmard et al., 2005), Prolactin (Alipanah et al., 
2007), αs1-casein (Chianese et al., 2009), Kappa-
Casein (Riaz et al., 2008), Alpha-Lactalbumin 
(Ramesha et al., 2008), etc.

Diacylglycerol acyltransferase (DGAT1) is 
important in lipogenesis in many tissues, including 
mammary gland (Cases et al., 1998). DGAT1 gene 

is located in the terminal portion of the centromere 
referring to chromosome 14 in bovines which is a 
locus with a quantitative profile (QTL) (Furbass 
et al. 2006). Grisart et al. (2001) sequenced 
DGAT1 gene of Bos taurus and reported two base 
substitutions at nucleotide position 10,433 and 
10,434 in exon 8 leading to amino acid substitution 
from lysine to alanine (K232A) where Lysine 
variant (K allele) was associated with high fat 
yield and Alanine variant (A allele) with high milk 
yield. Later on, Winter et al. (2002) and Roos et 
al. (2007) demonstrated similar results for Lysine 
variant (K allele) and Alanine variant (A allele) in 
Bos taurus cattle. However, Tantia et al. (2006) 
found fixed allele K at DGAT1 gene in Indian 
cattle (Bos indicus) as well as buffaloes (Bubalus 
bubalis). Later on, Mishra et al. (2007) also 

Figure 1. Breeding tract of Mehsana buffaloes.
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confirmed absence of K232A substitution in Indian 
buffalo breeds. Recently, Ozdil and Jihan (2012) 
also supported existence of only lysine variant (K 
allele) in all of the indigenous Anatolian buffalo 
populations. 

Mishra et al. (2007) although found fixed K 
allele in DGAT1 gene of Bubalus bubalis, reported 
19 single nucleotide polymorphisms (SNPs) (g. 
3057A>T, g.3627 C>T, g.3674G>A, g.3741G>C, 
g.3815C>A, g.1606T>C, g.2141G>T, g.2217C>T, 
g.2394C>T, g.1179A>T, g.1195C>T, g.1784G>A, 
g.1875G>A, g.3096G>T, g.5545T>C, g.6067C>T, 
g.8087C>T, g.8259G>A, g.8426C>T) in buffalo 
DGAT1. Functional significance of these 19 SNPs 
has not been investigated in buffalo, particularly 
their role in genetic variability in milk yield and 
milk fat %. Although intronic, these SNPs might 
affect the function of genes for instance, like an 
enzyme such as endothelial nitric oxide synthase 
(Buraczynska et al., 2004) and the cytochrome P450 
isoenzyme CYP1A2 (Sachse et al., 1999). Hence, 
these reported SNPs in DGAT1 gene were screened 
in Mehsana buffalo for possible association with 
milk production traits. We also developed rapid 
and precise SNP genotyping techniques that allow 
the identification of SNPs in buffalo DGAT1 gene.

MATERIALS AND METHODS

A total of 130 unrelated Mehsana buffalo 
under field progeny testing programme operated by 
Dudhsagar Research and Development Association 
(DURDA) in the Gujarat state were used for the 
study. In India, selection is based on only two 
traits, milk yield and milk fat percentage in dairy 
animals. First lactation milk yield (MY) was 
derived by totaling ten monthly test day records 
while milk fat percentage (MF%) was derived by 
averaging ten monthly test day records. Blood 

samples were collected from Mehsana buffloes 
from their breeding tracts (Fig 1). Genomic DNA 
was isolated by the phenol-chloroform extraction 
method (Sambrook and Russel, 2001). The quality 
and purity of the isolated DNA were determined by 
agarose gel electrophoresis and spectrophotometry.

Genomic regions of DGAT1 gene 
encompassing 19 SNPs were amplified using 
flanking primers as described by Mishra et al. 
(2007). PCR reaction was prepared in 25 μl volume 
containing 90 ng of genomic DNA, 10 pmol of each 
primer, 12.5 μl 2X PCR master mix (including 4 
mM MgCl2, 1.6 mM dNTPs and 0.05 U of Taq DNA 
polymerase) and amplification was performed in 
Veriti thermal cycler (Applied Biosystem). PCR 
amplification protocol was standardized using 
cyclic condition consisting of initial denaturation 
at 94 °C for 5 min followed by 30 amplification 
cycles of denaturation at 94 °C for 45 s, annealing 
temperature 54°C to 66°C (Table 1) for 45 s and 
extension at 72 °C for 45 s, with a final extension at 
72 °C for 10 min. PCR amplicons were resolved on 
2% agarose gel to confirm desired size and purified 
by GenElute agarose spin columns (Sigma). Details 
of primer sequences, PCR product size, annealing 
temperatures and different techniques used in study 
are presented in Table 1.

Different genotyping methods were 
attempted for rapid screening of DGAT1 SNPs. 
Out of 19 SNPs, three (g.3057A>T and g.3627C>T 
in intron 1 and g.8426C>T in 3’ UTR) fall within 
the recognition sequences of the specific restriction 
enzymes (Table 1). Hence, these SNPs were 
screened by PCR-RFLP. The PCR products were 
digested with NmuCI (5’-↑GTSAC- 3’), SmaI 
(5’-CCC↑GGG- 3’) and EheI (5’-GGC↑GCC- 3’) 
endonuclease respectively. Digested PCR products 
were separated by electrophoresis through 2% 
- 2.5% agarose gel. Genotyping was performed 
based on RFLP patterns.
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Table 1. Primer Sequences, Product size, SNPs covered, approaches for screening, and region amplified from 
DGAT1 gene.

Sr. 
No

Primer sequences Ta

Product 
size

SNP position Approaches Region

1
F: TTggCAggTTgTAgCATgAg 

R: gCAAggCCTCCAgTTTTgTA
60oC 503 bp g. 3057A>T

PCR RFLP

RE - Tsp45I

Intron 1

2
F: ggCCTCTCCCCTTACAAAAC

R: CACACACCAATTCAggATgC
56oC 661 bp

g.3627 C>T*

g.3674G>A 

PCR-RFLP, 

RE- SmaI
g.3741G>C 

g.3815C>A*

Direct 

sequencing

3
F: TggATTTggggTCACTTT 

R: gTCCCTCTACCAgCCTTCC. 
54oC 1146 bp

g.1606T>C 

g.2141G>T* 

g.2217C>T

g.2394C>T 

Direct 

sequencing

4
F: gAAggAgTTgggggAgTAAg 

R: TgAggAggAAgAggAACAgg
60oC 891 bp

g.1179A>T* 

g.1195C>T
SNaPShot

5

Wt: F1: ggCAgggCTgggCATTgg
Mt:F2 : ggCAgggCTgggCATTgA
        R: TCAAAgggCAgCAggCATgg

66oC 734 bp g.1784G>A AS- PCR

6

Wt_F1: TgTTCCTCTTCCTCCTCAg

Mt_F2: TgTTCCTCTTCCTCCTCAA

Wt_ F1: TgTTCCTCTTCCTCCTCTg

Mt _F2: TgTTCCTCTTCCTCCTCTA

         R: CTCATTACATTTggCACCTC

60oC 490 bp g.1875G>A AS- PCR

7
F: TTggCAggTTgTAgCATgAg 

R: gCAAggCCTCCAgTTTTgTA
60oC 505 bp g.3096G>T* SNaPShot Intron 2

8
F: gCGTgAgTAggggTggAg 

R: gCAACTAAggACAgAAgCAA
60oC 791 bp

g.5545T>C

g.6067C>T
SNaPShot Intron 3

9
F: CTCCCCCgCAgACACTTC

R:GCACAgCACTTTATTgACACATTC
54oC 748 bp

g.8087C>T

g.8259G>A

Direct 

sequencing

Intron-15, 

16 

10
F: gATAgTgggCCgCTTCTTC 

R: TgCACAgCACTTTATTgACACA
60oC 413 bp g.8426C>T

PCR/ RFLP

RE - SfoI
3’ UTR

F=forward, R=reverse, Wt=wild type, Mt=mutant type, Mt and wt indicates primers with penultimate 
mismatch at 3’ end and bold letters indicate penultimate mismatch, * indicates transversion, Ta= annealing 
temperature, UTR= Untranslated region, RE=restriction enzyme, AS = Allele specific 
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Table 2. Primers used in single nucleotide extension assay (SNaPshot assay).

Sr. 
No.

Primer Name
Targeted

SNP
Sequence (5’ to 3’)

Primer
length

1 DGAT-SNaP1179 g.1179A>T (A)40TCCAgAgCCAgAggTTATCA 60 
2 DGAT-SNaP1195 g.1195C>T (A)35AAATCCTTgCTgACTgACCT 55 
3 DGAT-SNaP3096 g.3096G>T (A)30TCCATCCTgggCAgCACACg 50 
4 DGAT-SNaP5545 g.5545T>C (A)27GTAgTggTgggAAAgAgC 45 
5 DGAT-SNaP6067 g.6067C>T (A)22TgggTgAgggTCTgTgTg 40 

Table 3. Allelic frequency of ten polymorphic SNPs of DGAT1 gene in Mehsana buffalo breed and comparison 
with previously reported frequency by Mishra et al., 2007.

Region SNP
Base Pair
(from/to)

Allelic frequency
in present study

Allelic frequency
reported in other 

Indian buffaloes by
Mishra et al., 2007

Intron 1

2217 C → T 0.09 0.14
3057 A→ T 0.03 0.21
3627 C → T 0.09 0.20
3674 G → A 0.71 0.16
3741 G → C 0.27 0.11
3815 C → A 0.47 0.16

Intron 2 5545 T → C 0.40 0.20
Intron 3 6067 C → T 0.43 0.06
Intron 16 8259 G → A 0.47 0.41
3’ UTR 8426 C → T 0.65 0.13
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Allele specific (AS) PCR assay was 
developed for screening of other two SNPs 
(g.1784G>A and g.1875G>A) in intron 1 using 
either wild type (wt) primer (F1) or mutant (mt) 
primer (F2) along with a common reverse primer 
(Table 1) in otherwise identical 25 µL PCR reaction 
mix.

Single nucleotide extension assay 
(SNaPshot assay) was used for screening 
SNPs (g.1179A>T and g.1195C>T) in intron 
1, (g.3096G>T) in intron 2 and (g.5545T>C 
and g.6067C>T) in intron 3. This assay is based 
on single base extension of an oligonucleotide 
by DNA polymerase (Sokolvo, 1990). For this 
assay SNP templates (amplicon covering SNPs) 
were generated from genomic DNA and used as 
templates for primers (Table 2). These primers 
hybridize to the SNP templates just adjacent to the 
mutation site. Length of these primers varies in 
size due to addition of poly A tail at 5’ end which 
helps to resolve them based on size difference 
during the capillary electrophoresis. Multiplex 
reaction of SNP templates including primers (Table 
2), DNA polymerase and fluorescence-labelled 
dideoxynucleotide (ddNTPs) terminators was 
subjected to single nucleotide primer extension 
under thermal cycling condition of annealing at 
500C and extension at 600C for 25 cycles. The 
obtained SNaPshot PCR products were treated 
with Calf Intestinal Alkaline Phosphatase (to 
functionally deactivate unincorporated ddNTPs and 
primers) and subjected to capillary electrophoresis 
on ABI PRISM 310 Genetic Analyzer along with 
LIZTM 500 size standard. Each of the used ddNTPs 
was assigned to a different fluorescent dye so that 
different fluorescence signals generated correspond 
to different alleles. 

Remaining SNPs (g.3741G>C, 
g.3815C>A, g.1606T>C, g.2141G>T, g.2217C>T, 

g.2394C>T in intron 1, g.8087C>T in intron 15, 
g.8259G>A in intron 16 and g.8426C>T in 3’ UTR) 
were genotyped by direct sequencing. 

The allele and genotype frequencies were 
estimated by direct counting. The relationships 
between DGAT1 SNP genotypes and milk yield 
traits in 130 Mehsana buffaloes were evaluated 
using general linear model (GLM) procedure of 
SAS software version 9.2. Following linearity 
model was applied to ascertain the association of 
DGAT1 SNP genotypes with milk yield traits in 
Mehsana buffalo.

Yijk = μ+Si+Gj+eijk, 
Where, 
Yijk = observation of the milk yield traits of 

the progeny of ith sire, jth genotype 
Si = sire families
Gj = fixed effects of genotypes of each SNP 
eijk = random residual effect

	 Herd, year, season effects were not 
considered, as buffalo belonged to same milk shade 
area (following common management practices) 
born in the same year and season having same 
parity (1st lactation).

RESULTS

Genotyping of SNPs g.3057A>T and 
g.3627C>T in intron 1 and g.8426C>T in 3’ 
UTR was performed based on RFLP patterns as 
AA (337bp and 166bp) and AT (503bp, 337bp, 
and 166bp) or TT (503 bp) for SNP g.3057A>T, 
likewise CC (397bp and 264bp), CT (661bp, 
397bp, and 264bp) and TT (661bp) for SNP 
g.3627C>T and similarly, CC (291bp and 122bp), 
CT (413bp, 291bp and 122bp) and TT (413bp) for 
SNP g.8426C>T.
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Genotyping of SNPs g.1784G>A and 
g.1875G>A was carried out according to the 
amplification of wt and/or mt allele product after 
AS-PCR. Allelic discrimination showed that all the 
samples showed GG genotype for both SNPs on 
agorse gel indicated that ‘G’ allele was fixed in the 
Mehsana buffalo.

SNaPshot assay showed that at SNP 
positions g.1179A>T, g.1195C>T and g.3096G>T 
“A”, “C” and “G” alleles were fixed respectively 
in the Mehsana buffalo population whereas, at 
SNP positions g.5545T>C and g.6067C>T there 
was higher frequency of “C” and “T” alleles 
respectively.

All the nineteen SNPs were successfully 
screened in Mehsana buffalo and the minor 
allele frequency were estimated (Table 3) which 
revealed that nine SNPs (g.1179A>T g.1195C>T, 
g.1606T>C, g.1784G>A, g.1875G>A, g.2141G>T, 
g.2394C>T, g.3096G>T and g.8087C>T) were 
monomorphic whereas, ten SNPs (g.2217C>T, g. 
3057A>T, g.3627 C>T, g.3674G>A, g.3741G>C, 
g.3815C>A, g.5545T>C, g.6067C>T, g.8259G>A 
and g.8426C>T) were polymorphic with varying 
frequencies in Mehsana buffalo. 
	 Different SNP genotypes of DGAT1 were 
compared for milk production traits viz., first 
lactation standard (305 days) milk yield (MY) and 
milk fat % (MF) to find any association between 
them. There was no significant difference in milk 
yield among various SNP genotypes except for 
SNP g.8259G>A. AA and GA genotypes (2169.40a 
± 183.385 kg, 2363.60a ± 41.50 kg respectively) 
had significantly (P=0.01) higher milk yield than 
GG genotypes (1577.23b ± 126.28 kg). None of the 
other SNP had any significant influence on milk 
yield or milk fat percentage.

DISCUSSIONS

There was intense interest in DGAT1 K 
to A mutation since its first report (Grisart et al., 
2001) of association with milk fat% and milk 
yield in dairy breeds throughout the Europe, which 
unanimously revealed high frequency of K allele 
in European cattle (Cardoso et al., 2011). On the 
other hand, a low frequency of the K allele is 
found in populations of the zebu breeds (Winter 
et al., 2002). In Indian Holstein bulls the results 
indicated higher allelic frequency of K allele (0.59) 
compared to A allele (0.41) for DGAT1 (Patel et 
al., 2009). However, these two variants are not 
found in Indian zebu cattle and buffalo. In absence 
of these mutants we screened other 19 SNPs 
present in this gene in Indian buffalo to explore 
possible association with milk production traits. 
Our findings showed that there was no significant 
association of these SNP genotypes with milk 
production traits viz., lactation yield and milk fat 
percentage except SNP g.8259G>A which showed 
AA and GA genotypes had significantly higher 
milk yield than GG genotypes. Earlier, Yuan et al. 
(2007) reported seven polymorphic positions in the 
complete genomic region of buffalo DGAT1 and 
detected SNP (C/T) at position 11785 in exon 17 
which creates a substitution change for the amino 
acid sequence, resulting in an Ala residue (GCG) 
transition to a Val residue (GTG) in position 484 
of buffalo DGAT1 protein. However, its effect on 
functional traits was not studied. 
	 In conclusion, SNP genotyping techniques 
were developed in this study are for screening of 
DGAT1 gene polymorphisms in buffaloes. The 
reported intronic SNPs except SNP g.8259G>A 
in DGAT1 gene show non significant difference 
either in milk yield or in milk fat percentage. 
Since, the study was conducted on animals with 
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markedly different milk yield and milk fat content 
which indicates a need for large number of animals 
to ascertain the association between these SNPs 
and milk fat content. Surprisingly, 50% SNPs 
were found to be monomorphic (fixed for either 
of allele), particularly, SNPs with very low minor 
allele frequency in other Indian buffalo breeds 
were observed to be fixed in Mehsana buffalo.
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