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The aim of the study was to analyse the K232A polymorphism in the acyl CoA:diacylglycerol acyl-
transferase gene (DGATI) and to estimate the effects of lysine (K) and alanine (4) encoding variants
on milk yield and composition in cattle. A total of 100 Jersey cows was tested for DGATI genotypes
using the PCR-RFLP technique. The K and A allele frequencies were 0.83 and 0.17, respectively.
Effect of the K232A polymorphism on most considered traits was observed. The lysine encoding
variant was associated with the high milk fat yield as well as fat and protein contents, whereas the
alanine allele was related to the increased milk yield. The most significant result was obtained for
the fat content of milk. None of the dominance effects proved to be significantly different from zero,
that indicates the additive effect of the gene.
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Fat is one of the major components of milk and is a key source of energy to the
suckling young mammals. Milk fat is primarily composed of triglycerides (triacylg-
lycerols or TAG), a typical storage form of lipids, which account for over 95% of the
total milk fat [Jensen 2002 — a review].

One of the key enzymes in triglyceride metabolism is acyl CoA:diacylglycerol
acyltransferase (DGAT), an integral microsomal membrane enzyme that catalyses
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the termal step in both two major pathways of TAG synthesis [reviews: Lehner and
Kuksis 1996, Farese et al. 2000]. The reaction involves the joining of fatty acyl CoA
to diacylglycerol, which can be supplied either by hydrolysis of phosphatidic acid in
the glycerol phosphate pathway, or by acylation of monoacylglycerol in the monoacyl-
glycerol pathway. Until now, two acyl CoA:diacylglycerol acyltransferases — DGAT1
and DGAT2 — have been identified [Cases et al. 1998, 2001].

The knock-out of mouse DGAT gene indicates its crucial role for lactation. Females
deficient in this enzyme are characterized by a complete lack of milk production, most
probably because of impaired triglycerides synthesis in the mammary gland [Smith
et al. 2000].

In cattle, DGAT1I is considered to be a very strong positional candidate gene for
fat per cent of milk. It is located on the centromeric end of the bovine chromosome
14, within a region that contains quantitative trait locus (QTL) influencing milk yield
and composition [Coppieters et al. 1998, Heyen et al. 1999, Riquet et al. 1999, Farnir
et al. 2002]. It was recently shown that this QTL variation is most likely caused by
a nonconservative ApA—GpC dinucleotide substitution in exon 8 of gene DGATI,
changing lysine to alanine at position 232 (K232A mutation) of the encoding protein
[Grisart ef al. 2001, Winter et al. 2002].

The aim of the present study was to analyse the relationship between K232 A poly-
morphism in DGATI gene and milk production traits in Jersey cattle.

Material and methods

The study included 100 Jersey cows, born between 1996 and 2000, maintained on
the Siedlec farm belonging to Horse Stud, Iwno, Poland.

Genotypes of gene DGATI were analysed using the PCR-RFLP technique. Genome
DNA was isolated from whole blood with a method described by Kanai et al. [1994].

Primers for PCR amplification (MWG-Biotech, Germany) were designed using the
Primer3 software (http://www.genome.wi.mit.edu/cgi-bin/primer/primer3 www.cgi) on
the basis of gene sequence available in the GenBank (accession number AY065621),
as follows:

DGAT1-F: 5’-CACCATCCTCTTCCTCAAGC-3’ and
DGAT1-R: 5’-ATGCGGGAGTAGTCCATGTC-3’

The PCR reaction volume of 25 ul contained 30-50 ng of genomic DNA, 1 unit of
Taq DNA polymerase (FERMENTAS), 1x PCR buffer with (NH,),SO, (FERMENTAS),
1 uM of each primer, 2 mM MgCl,, 5% DMSO and 200 uM of each dNTP (FERMEN-
TAS). Amplifications were carried out using a T Gradient thermocycler (BIOMETRA)
as follows: 94°C for 5 min; 30 cycles consisting of 30 s at 94°C, 30 s at 58,5°C and
40 s at 72°C; 72°C for 5 min.

The amplified fragments (5 pl of PCR products) were digested with 10 units of
Cfrl restriction endonuclease (FERMENTAS) at 37°C for at least 2.5 h, and next sub-
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jected to electrophoretic separation in 1.5% agarose gel (BASICA LE GQT, Prona) in
1x TBE buftfer.

The effect of DGATI genotypes on milk traits was tested using the GLM procedure
of the SAS package [SAS 1989]. The statistical model included effects of DGATI
genotype, sire, herd-year-season of calving and lactation number. The records of milk,
fat and protein yields as well as fat and protein contents were obtained from the official
milk recording system. The analysed locus was expressed either as genotype classes or
as regressions on the amount of the alternative allele and dominance.

Results and discussion

The PCR amplification yielded a 777 bp long DGATI gene fragment. One Cfrl
restriction site was found in the K (lysine) allele, at position 653. In the A (alanine)
allele, an additional restriction site at position 202 was present (Fig. 1).

1 2 3 4 5 6 M

124 bp
202 bp

451 bp
653 bp

Fig. 1. DGAT1 genotyping with PCR-RFLP method. Lanes 1, 4, 6 — KK genotype; lane 2 — A4 genotype;
lanes 3, 5 — K4 genotype; M — DNA marker: GeneRuler™ DNA Ladder Mix (FERMENTAS).

Among the 100 animals examined, 72 KK, 22 K4 and 6 A4 genotypes were identi-
fied. This gives frequencies of 0.83 and 0.17 for K and A4 alleles, respectively. A compara-
ble values of 0.88 for lysine and 0.12 for alanine were reported by Spelman et al. [2002]
for New Zealand Jersey bulls. In the Holstein-Friesian (HF) breed, allele frequencies
of DGAT1 differ considerably between populations. The K variant frequencies range
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from 0.35 to 0.7 [Grisart et al. 2001, Spelman et al. 2002, Winter et al. 2002, Thaller
et al. 2003]. The lowest values were obtained for HF animals of the US and Dutch
origin [Grisart et al. 2001, Spelman et al. 2002], selected mainly for milk yield. The
New Zealand Holsteins, selected with a special emphasis on the fat, and, until recently,
also on the protein contents of milk, are characterized by a K allele frequency of 0.7,
similar to that of the Jersey breed [Grisart ef al. 2001, Spelman et al. 2002]. Winter et
al. [2002], within the German HF population, observed the distinct differences in allele
frequencies between individuals with different breeding values for milk fat content. The
lysine encoding variant was more frequent in the group of animals with high breeding
values. The same tendency was shown for Fleckvieh and Braunvieh German breeds
[Winter et al. 2002]. Thus, the K allele seems to be related to the elevated milk fat per
cent in cattle. Association studies of variation in DGAT gene and milk production traits
support the conclusion arising from the allele frequencies data.
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The effects of K232A mutation on milk yield and composition in Jersey cows
are presented in Table 1. Although the most significant results were obtained for fat,
DGATI polymorphism affected the other traits considered, as well. In most cases, the
heterozygous genotype values were found between alternate homozygotes. Addition-
ally, none of the dominance effects proved to be significantly different from zero, that
indicates the exclusively additive effect of the gene. The lysine encoding variant was
associated with increased fat and protein contents. In contrast, its impact on milk yield
appeared to be negative. As a consequence, the influence of DGAT! variants on protein
yield was not distinct. However, in spite of the antagonistic effects on milk yield and
content traits, the K allele significantly increased the yield of fat.
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The results presented here are in the good agreement with those previously reported
for several dairy cattle breeds, including Jersey [Spelman et al. 2002], Ayrshire [ Spelman
et al. 2002], Fleckvieh [Thaller et al. 2003] and Holstein-Friesian [Grisart et al. 2001,
Spelman et al. 2002, Thaller et al. 2003]. Although the magnitude of the K232 A mutation
effects on milk traits differed between populations, the direction was always the same.
The lysine variant was consistently associated with high fat and protein contents and
fat yield, whereas the alanine variant increased milk and protein yields. The same trend
was generally observed in the present study. Only the impact of K allele on protein yield
decrease was not evident (Tab. 1). Although the KK homozygotes were characterized
by a lowest trait value, the allele substitution effect was not significant. The reason for
this could be the very limited number of A4 homozygotes (6 animals) as well as the
smaller influence of DGAT variants on protein yield compared with the other milk
traits that was reported also by Grisart ef al. [2001] and Thaller et al. [2003], or both.

There are strong evidences that K232 A substitution in DGAT is responsible for
the variation of QTL controlling milk yield and composition on bovine chromosome
14 [Grisart et al. 2001, Winter et al. 2002]. Until recently, however, it could not be
completely excluded, that the association observed is due to another causal mutation
located in the same, or in another gene being in the linkage disequilibrium with the
lysine/alanine DGAT variants. The latest report of Grisart et al. [2004] confirmed
the causality of the K232A mutation. They demonstrated that the K—A substitution
affected the acyl CoA:diacylglycerol acyltransferase enzymatic activity. The amount
of triglycerides synthesized by the enzyme variant including lysine was approximately
1.5 times greater than that synthesized by the enzyme variant with alanine, what is in
agreement with phenotype effects of both alleles. The positively charged, hydrophilic
lysine residue at position 232 of the DGAT1 protein seems to be, therefore, more ef-
ficient in binding of acyl CoA than a neutral, hydrophobic alanine residue.

Recently, it has been shown that K232A DGATI polymorphism is not responsible
for all the genetic variation at the centromeric end of chromosome 14 for milk-related
traits [Bennewitz et al. 2004]. Thus, at this region, the additional source of variation
exists, either within the acyl CoA:diacylglycerol acyltransferase or in another locus.
The gene content of the chromosomal region flanking DGATI was determined by
Winter et al. [2004]. Their results can be the basis for future studies testing the DGAT1
neighboring /oci as a candidate genes for milk traits in cattle.
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Wplyw polimorfizmu w genie DGAT1
na cechy mleczno$ci bydta rasy jersey

Streszczenie

Celem pracy byta analiza polimorfizmu K232 A w genie acylotransferazy diacyloglicerolowej (DGATI)
oraz oszacowanie wptywu alleli kodujacych lizyng (K) i alaning (4) na wydajnos$¢ i sktad mleka bydta.
Badaniem objgto 100 krow rasy jersey. Genotypy DGAT! identyfikowano metoda PCR-RFLP. Frekwencje
alleli K'i 4 wynosily odpowiednio 0.83 i 0.17. Zaobserwowano wptyw polimorfizmu K232 A na wigkszo$¢
analizowanych cech. Allel kodujacy lizyng zwiazany byt z wyzszym procentem ttuszczu i biatka w mleku
oraz wyzsza wydajnoscia thuszczu, natomiast allel kodujacy alaning zwigkszal wydajno$¢ mleka. Najbardziej
istotny wynik uzyskano dla zawartosci thuszczu w mleku. Dla zadnej z analizowanych cech efekt domina-
cyjny nie byt istotnie rézny od zera, co wskazuje na addytywne dziatanie genu.
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