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Abstract : An investigation was carried out to detect variable positions DGAT locus of Indian cattle
and buffalo breeds. DNA samples were collected from 540 animals belonging to four breeds of riverine
buffalo (Bubalus bubalis), three breeds of Indian zebu cattle (Bos indicus) and three synthetic cattle
breeds (Bos indicus x Bos taurus). PCR-RFLP with Cfr | restriction enzyme was performed to detect
polymorphism in the 411 bp fragment covering partial exon-7 to partial exon-9 region of the DGAT1
gene. Monomophic KK genotype was observed in buffalo and Indian zebu cattle breeds. Three genotypes,
KK, KA and KA were observed in synthetic cattle breeds (Bos indicus x Bos taurus) with highest
frequency of KA. The frequency of K (lysine) allele were 0.74, 0.72 and 0.69 in Frisiana, Frieswal
and Sunandini cattle respectively. Sequence analysis revealed double nucleotide substitution at 202™
position of the fragment from AA to GC, which corresponds to the 14™ position of the exon 8 with
amino acid substitution of hydrophobic alanine (A) to positively charged lysine (K) in the peptide
sequence. These results provide an opportunity to validate its association with milk yield traits in
synthetic cattle breeds for utilizing in selection programmes.
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INTRODUCTION

Diacylglycerol O-acyltransferase 1 (DGAT1) belongs
to a gene family of three known members, the other two
represent ACAT1 (Acyl-CoA:cholesterol acyltransferase 1)
and ACAT2 (Acyl-CoA:cholesterol acyltransferase 2). DGAT1
was initially mapped to human chromosome 8q and in mice
on 15q by FISH analysis (Cases et al., 1998). Several genome
scans in cattle (Coppieters et al., 1998; Heyen et al., 1999;
Ashwell et al., 2001) revealed a putative QTL on the
centromeric end of bovine chromosome 14 with astrong effect
on milk fat yield and percentage, as well as for milk yield
and milk composition. Subsequently, the chromosome
segment harboring the QTL was fine mapped to less than 9.5
cM (5 cM) flanked by the closest non-identical markers
ILSTS039 and BULGEOQO4 (Riquet et al., 1999; Jeon et al.,
1999; Nezer et al., 1999). The interval wasrefined to a3 cM

segment on the centromere, flanked by the markers BULGEQ9
and BULGE11 (Looft et al., 2001; Farnir et al., 2002). The
comparative positional cloning led to the identification of
DGAT1 as candidate gene within the region of a QTL on
bovine chromosome 14 for milk fat percentage and other milk
yield traits (Grisart et al., 2002, Girsart et al., 2004, Thaller
et al., 2003 and Bennewitz et al., 2004). Expression of mMRNA
and activity of DGAT 1 were ubiquitous in mouse and human
tissues, with the highest levelsin mammary gland, liver, small
intestine, and adipose tissue (Cases et al., 1998; Farese et al.,
2000; Smith et al., 2000). DGAT1 gene encodes the Acyl
CoA:Diacylglycerol O- Acyltransferase (DGAT), an integral
membrane bound protein in plays a fundamental role in the
metabolism of cellular glycerolipids. DGAT catalysesthe only
committed final step in thetriglyceride synthesisand presumed
to be rate-limiting in lipid metabolism (Cases et al., 1998;
2001). It is an important microsomal enzyme in higher
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eukaryotes for physiological processes involving
triacylglycerol metabolism such as intestinal fat absorption,
lipoprotein assembly, adipose tissue formation and lactation.
Surprisingly, DGAT1 knockout mice were not able to secrete
milk, most likely because of deficient triglyceride synthesis
in the mammary gland (Smith et al., 2000). Thus, both
functional and positional data made DGAT1, a promising
candidate gene for milk production traits in bovines.
Therefore, the present study was carried out to identify
different allelic variants of DGAT1 gene in Indian cattle and
buffalo breeds.

RESEARCH M ETHODOLOGY

DNA samples were collected from 540 animals
belonging to four breedsof riverine buffalo (Bubalusbubalis),
three breeds of Indian zebu cattle (Bos indicus) and three
synthetic cattle breeds (Bos indicus x Bos taurus) from
government farms situated in different geographical locations
of the country. Genotyping was carried out by PCR- RFLPto
find out different allelic variants in DGAT1 locus.

Collection of blood samples:

10 ml of venous blood was collected under sterile
conditions, from the jugular vein of animal in a 15ml
polypropyl ene centrifuge tube containing 0.5ml of 2.7% EDTA
solution as anticoagulant. The tube was tightly capped and
shaken gently to facilitate thorough mixing of blood with the
anticoagulant. Blood samples were transported to the
laboratory in an icebox containing ice packs and stored in
the refrigerator at —20°C till the isolation of DNA.

DNA preparation :

Genomic DNA was isolated from the frozen blood
samples using phenol-chloroform extraction method
(Sambrook and Russell, 2001) and samples were checked for
its quality, purity and concentration.

PCR:

PCR reaction was performed in a thermal cycler (PTC
200, MJ Research Ltd., San Francisco, USA). A 411 bp
fragment containing partial exon-7 to partial exon-9 of the
bovine DGAT1 gene that contained K232A substitution was
amplified. PCR reactions were carried out in a 25 pl volume
using 50ng of genomic DNA, 1x PCR buffer containing
1.5mM- MgCl,, 0.2mM-dNTP, 0.5pm of each primer, 5%
DMSO and 0.5 U Hotstar Taq polymerase (QUIAGEN,
Hilden, Germany). Addition of 5% DM SO was facilitated
the proper amplification of GC rich regions of DGAT1 gene.
Primer sequences were: forward 5’ -
GCACCATCCTCTTCCTCAAG-3’ and reverse 5°-
GGAAGCGCTTTCGGATG-3’. PCR condition included 15
min at 95°C, 35 cycles of 60 s at 94°C, 60 s at 62°C, 60 s at
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72°C and a final 10 min extension at 72°C. Amplified PCR
products were loaded into the wells of agarose gel with a
standard 100 bp DNA ladder (GeneRuler, MBI Fermentas,
Germany) as a marker to check the size of the fragment.
Electrophoresis was carried out @ 6 volts’cm in 1X TBE
buffer. Gels were stained with ethidium bromide and
visualized under UV light. Representative samples from
different genotypes were sequenced to find out the nucleotide
differences between different alleles using automated
sequencer (ABI prism) by Sanger’s dideoxy chain termination
method.

RESULTSAND DISCUSSION

PCR-RFLP typing with cfr | revealed three different
genotypes (Fig. 1), KK (Lysine homozygote), KA (Lysine
alanine heterozygote) and AA (alanine homozygote). The
genotypic and alelic frequencies observed in different breeds
of cattle are presented in the Table 1.

The Cfr | restriction enzyme digestion revealed an
undigested single band with size of 411 bp in three Indian
zebu cattle and buffalo breeds and denoted as DGAT 1%¥
genotype (lysine) and the population was found to be
monomorphic with respect to cfrl restriction site. Thisshowed
thefixation of DGAT 1X (lysine) allelein the Indian zebu cattle
buffalo population. The same trend was also observed in
buffaloesin earlier studies (Winter et al., 2002). The present
investigation further confirms the fixation of DGAT 1K allele

el 411 bp

205 bp

LaneM : 100 bp DNA ladder

Lanel& 4: 411 bp undigested PCR product
Lane?2: AA genotype

L:ane3: AB genotype

Fig.1:  Cfr | digestion pattern of 411 bp fragment of DGAT 1 gene

in crossbred cattleand buffalo
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Table 1: Genotype and allelic frequencies of 411bp fragment of DGAT1 genein cattle and buffalo breedsbased on PCR-RFLP/ cfr |

Breed Genotypic frequency Alldlic frequency
KK KA AA K A

Bosindicus x Bos Taurus

Frisiana (42) Harianax HF 0.43 (15) 0.54 (19) 0.03(1) 0.74 0.26

Frieswal (40) Sahiwal x HF- 0.50 (10) 0.45(9) 0.05(1) 0.72 0.28

Sunandini (112) Local x Brown Swiss- 0.38 (8) 0.60 (13) 0.02 0.69 0.31

Overall (182) 0.44 (33) 0.52 (42) 0.04 (2) 0.70 0.30

Cattle (Bosindicus)

Hariana, Sahiwal and Nimari (40 each) 1.0 0.0 0.0 1.0 0.0

Buffalo (Bubalus bubalis)

Bhadawari (44), Mehsana (71), Murrah (57) and Surti (56) 1.0 0.0 0.0 1.0 0.0

Numbers in the parentheses denote the sample size

in buffaloes on the basis of large sample size from four
different breeds. Thefixed lysine allele has also been reported
in Yak and many African as well as Indian Zebu breeds
(Winter et al., 2002; Kaupe €t al., 2004).

Lysine variant appears to be the likely ancestral form of
DGAT1 gene. A constant appreciation of milk fat as source
of energy in human nutrition over the years might have led to
the selection for this trait and resulted in the fixation of
DGAT 1¥ dlele, which proved to be efficient version of DGAT1
gene for fat synthesis (Grisart et al., 2002). The presence of
lysine alele in buffaloes and Indian zebu cattle breeds might
be one of the reasons behind the high fat content of milk.

PCR-RFLP pattern in Bostarus x Bosindicus crossbred
cattle showed three genotypes, KK, KA and AA. The
frequency of heterozygote was the highest (0.52), followed
by those of lysine (0.44) and alanine (0.04) homozygotes.
The overall frequency of DGAT1X alele in crossbred cattle
was 0.70.

The high frequencies of DGAT 1 allele with 0.65 and
above were also reported in several Bos taurus cattle breeds
like Holstein (Grisart et al., 2002 and Spelman et al., 2002),
Jersey and in German Angler (Spelman et al., 2002; Kaupe
et al., 2004; Komisarek et al., 2004) aswell asin Bosindicus
(African zebu) breeds like Anatolian Black (Winter et al.,
2002), Banyo Gudali and White Fulani (Kaupe et al., 2004).
DGAT 1X allele appearsto be fixed in many Bosindicus breeds
also like Hariana, Tharparkar, Sahiwal and Nellore. The
DGAT1* allele was reported to be fixed in many Bos taurus
breeds like Belgian Blue (beef), Hereford, Gelbvieh,
Pinzgauer, and Slovanian Syrmian (Winter et al., 2002 and
Kaupe et al., 2004). The high frequencies of DGAT 1 in Bos
taurus dairy breeds (Holstein, Jersey and German Angler)
may be due to constant selection for milk fat (Spelman et al.,
2002 and Kaupe et al., 2004).

The DGAT1* allele in Indian crossbred cattle was
probably introduced from Bos taurus through introgression
and further selection for milk volume might have increased
its frequency in the population. In spite of selective and
heterozygote advantage of DGAT1* alele, the frequency of

DGAT1X dleleremained high (0.70) even after three decades
of cross breeding. Similar situation was also reported in the
New Zealand and Israel Holstein Population (Spelman et al.,
2002 and Weller et al., 2004). The DGAT1** genotype
(alanine homozygote) were noticed in two animals out of 76
crossbred screened in the present investigation, which further
suggest possible introgression of DGAT1* allele from Bos
taurus breed.

The sequencing of different alleles showed a double
nucleotide substitution from GC to AA at 203 and 204"
position of 411bp fragment, which corresponds to 14" and
15" position of exon 8. This base substitution has caused
amino acid change from positively charged lysine (K) to
hydrophobic alanine (A) in the peptide sequence.

The alignment of derived amino acid sequences from
various species showed the conserved lysine residue in the
corresponding position among all examined mammals
(human, mouse, rat, pig, sheep, buffalo and bison), with the
exception of Cercopithecus aethiops (African green monkey),
where it is nevertheless replaced by a positively charged
arginine, demonstrating its functional importance and
evolutionary conservation (Venkatachalapathy et al., 2008).
Hence, the direct effect of substitution of lysine to alanine
seems plausible on DGAT1 activity. However, DGAT1K
appearsto bean ancestral allele and K232A substitution might
have occurred most likely after separation of the Bos indicus
and Bos taurus lineages over 200000 years ago (Kuhn et al.,
1994; Grisart et al., 2002). The increase in frequency of
DGAT1* presumably occurred because of crossbreeding and
selection for milk volume. The lysine to alanine substitution
possibly aso resulted to a lower energy drain on the cow
leading to increased fertility (Lucy et al., 1992 and Kaupe et
al, 2004).

Conclusion :

An investigation was carried out to detect variable
positions DGAT locusof Indian cattle and buffalo breedsusing
PCR-RFLP. The DGAT 1X (lysine) allelewasfound to be fixed
in Indian zebu cattle and buffalo breeds. Three genotypes,
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KK, KA and KA were observed in synthetic cattle breeds (Bos
indicus x Bos taurus) with highest frequency of KA. The
frequency of K (lysine) alele were 0.74, 0.72 and 0.69 in
Frisiana, Frieswal and Sunandini cattle breeds respectively.
Thefrequency of native K allelewas predominant in synthetic
breeds and results provide an opportunity to validate its
association with milk yield traits in synthetic cattle breeds
for utilizing in selection programmes.

L1 TERATURE CITED

Ashwell, M.S,, Van Tassdll, C.P. and Sonstegard, T.S. (2001). A
genomescan to identify quantitativetrait loci affecting economically
important traits in a US Holstein population. J. Dairy <ci., 84 (11)
: 2535-2542.

Bennewitz, J., Reinsch, N., Paul, S., Looft, C., Kaupe, B.,
Weimann, C., Erhardt, G., Thaller, G., Kuhn, Ch., Schwerin,
M., Thomsen, H., Reinhardt, F., Reents, R. and Kalm, E. (2004).
The DGAT1 K232A mutation is not solely responsible for the milk
production quantitative trait locus on the bovine chromosome 14. J.
Dairy Sci., 87 (2) : 431-442.

Cases, S, Smith, SJ., Zheng, Y.W., Myers, H.M ., Lear, SR.,
Sande E., Novak, S, Collins, C., Welch, C.B. and Lusis, A.J.
(1998). Identification of gene encoding an acyl CoA:diacyl glycerol
acyltransferase, akey enzymeintriacylglycerol synthesis. Proc. Natl.
Acad. Sci., USA, 95 (22) : 13018-13023.

Cases, S., Sone, S,, Zhou, P, Yen, E., Tow, B., Lardizabal, K.,
Voelker, T. and Farese, R. (2001). Cloning of DGAT2, a second
mammalian diacyl glycerol acyltransferase and related family
members. J. Biol. Chem., 276 (42) : 38870-38876.

Coppieters, W., Riquet, J., Arranz, J., Berzi, P, Cambisano, N.,
Girisart, B.,Karim, L., Marcq, F., Moreau, L., Nezer, C., Simon,
P., Wagenaar, D. and Georges, M. (1998). A QTL with major effect
on milk yield and composition maps to bovine chromosome. 14.
Mamm. Genome, 9: 540-544.

Farese, R.V., Cases, S. and Smith, S.J. (2000). Triglyceride
synthesis: insightsfrom the cloning of diacylglycerol acyltransferase.
Curr. Opin. Lipidol., 11 (3) : 229-34.

Farnir, F., Grisart, B., Coppieters, W., Riquet, J., Berzi, P,
Cambisano, N., Karim, L., Mni, M., Simon, P., Wagenaar, D.,
Vilkki, J. and Geor ges, M. (2002). Simultaneous mining of linkage
and LD to fine map QTL in out bred half-sib pedigrees: Revisiting
thelocation of aQTL with mgjor effect on milk production on bovine
chromosome 14. Genetics, 161 (1) : 275-287.

Girisart, B., Coppieters, W., Farnir, F., Karim, L., Ford, C.,
Berzi, P, Cambisano, N., Mni, M, Reid, S., Simom, P., Spelman,
R., Georges, M. and Snell, R. (2002). Positional Candidate cloning
of aQTL indairy cattle : Identification of missense mutation in the
bovine DGAT1 genewith major effect on milk yield and composition.
Genome Res., 12 (2) : 222-231.

Girisart, B., Farnir, F., Karim, L., Cambisano, N.,Kim, J.J.,
Kvasz, A., Mni, M., Simom, P, Frere, J.M ., Coppieters, W. and
Georges, M. (2004). Genetic and functiona confirmation of the

PP Vet Sci. Res. J.; 5 (182); (Apr. & Oct., 2014) : 13-17
HIND AGRICULTURAL RESEARCHAND TRAINING INSTITUTE

causality of the DGAT1 K232A quantitative trait nucleotide in
affecting milk yield and composition. Proc. Natl. Acad. Sci., USA.
101 (8) : 2398-2403.

Hayen, D.W., Weller, 1.J., Ron, M.M., Band, M., Beever, J.,
Feldmeser, E., Da, Y., Wiggans, G.R., VanRaden, P.M. and
Lewin, H.A. (1999). A genome scan for QTL influencing milk
production and health traits in dairy cattle. Physiol. Genomics, 1
(3) : 165-175.

Jeon, J. T., Carlborg, O., Tornsten, A., Giuffra, A. and Amar ger,
(1999). A paternaly expressed QTL affecting skeletal and cardiac
muscle mass in pigs maps to the IGF2 locus. Nat. Genet., 21 (2) :
157-158.

Kaupe, B., Winter, A., Fries, R. and Erhardt, G. (2004). DGAT1
polymorphism in Bos indicus and Bos taurus cattle breeds. J. Dairy
Res., 71 (2) : 182-187.

Komisarek, J., Waskowicz, K., Michalak, A. and Dorynek, Z.
(2004). Effectsof DGAT1 variantson milk productiontraitsin Jersey
cattle. Anim. Sci. Papers & Reports, 22(3): 307-313.

Kuhn,C., Thaller,G., Winter,A., Bininda-Emonds,O.R.,
Kaupe,B., Erhardt,G., Bennewitz,J., Schwerin,M. and FriesR.
(2004). Evidence for multiple aleles at the DGAT1 locus better
explains a quantitative trait locus with major effect on milk fat
content in cattle. Genetics, 167(4): 1873-1881.

Looft, C., Reinsch, N., Karall-Albrech, C. Paul, S, Brink, M.,
Thomson, H., Brockmann, G., Kuhn, C., Schwerin, M. and
Kalm, E. (2001). A mammary gland EST showing linkage
disequilibrium to a milk production QTL on bovine chromosome
14. Mamm. Genome, 12 (8) : 646-650.

Lucy, M.C., Savio, J.D., Badinga, L., De La Sota, R.L. and
Thatcher W.W. (1992). Factorsthat affect ovarian follicle dynamics
in cattle. J. Anim. ci., 70 (11) : 3615-3626

Nezer, C., Moreau, L., Brouwers, B., Coppieters, W. and
Detilleux, J. (1999). An imprinted QTL with mgjor effect on muscle
mass and fat deposition maps to the IGF2 locusin pigs. Nat. Genet.,
21(2) : 155-156

Riquet, J., Coppieters, W., Cambisano, N., Arranz, J., Berzi, P,
Davis, K., Grisart, B., Farnir, F., Karim, L., Mni, M., Simom,
P., Taylor, F., Vanmanshoven, P., Wagenaar, D., Womack, E.,
and Georges, M. (1999). Fine mapping of quantitative trait loci by
identity by decent in out bred populations; Application to milk
production in dairy cattle. Proc. Natl. Acad. Sci., USA., 96 (16) :
9252-9257.

Sambrook, J. and Russell, D.W. (2001). Molecular cloning: A
Laboratory Manual. 3 Ed. Vol.1. Cold Spring Harbor Laboratory
Press, New York, USA.

Smith, S.J., Cases, S,, Jensen, D.R., Chen, H.C., Sande, E., Tow,
R., Sanan, D.A., Raber, J,., Eckdl, R.H., and Farese, R.V. (2000).
Obesity resistance and multiple mechanisms of triglyceride synthesis
in mice lacking DGAT. Nature Genetics, 25 (1) : 87-90.

Spelman, R.J., Ford, C.A., McElhinney, P., Gregory, G.C. and
Snell, R.G. (2002). Characterization of the DGAT1 genein the New
Zealand dairy population. J. Dairy Sci., 85 (12) : 3514- 3517.



POLYMORPHISM AT DGAT1 LOCUS N INDIAN BUFFALO, ZEBU & Bosindicus x Bostaurus CATTLE BREEDS

Thaller, G., Kramer, W., Winter, A., Kaupe, P, Erhardt, G. and
Fries, R. (2003). Effects of DGAT1 variants on milk production
traits in German cattle breeds. J. Anim. <ci., 81 (8) : 1911-1918.

Venkatachalapathy, R.T., Sharma, Arjava, Sukla, Soumi and
Bhattacharya, T.K. (2008). Cloning and characterization of DGAT1
gene of Riverine buffalo. DNA Sequence, 19 (3) : 177-184.

Wédller, J.1., Golik, M., Seroussi, E., Ezra, E. and Ron, M. (2003).

ear
* % % % % Of EXcellence «x xx*

th

Population- wide analysis of aQTL affecting milk fat productionin
the Isragli Holstein population. J. Dairy Sci., 86 (6) : 2219-2227.

Winter, A., Kramer, W., Werner, F., Kollers, S., Kata, S.,
Durstewitz, G., Buitkamp, J., Womack, J., Thaller, G. and Fries,
R. (2002). Association of a lysine232/alanine polymorphism in a
bovine gene encoding acyl-coA: Diacylglycerol acyltransferase
(DGAT1) with variation at a quantitative trait locus for milk fat
content. Proc. Natl. Acad. Sci., USA, 99 (14) : 9300-9305.

Vet. Sci. Res. J.; 5 (1&2); (Apr. & Oct., 2014) : 13-17
HIND AGRICULTURAL RESEARCHAND TRAINING INSTITUTE



