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The aim of this study was to determine allele frequency at the diacylglycerol-O-transferase 1

gene (DGATI1) K232A polymorphic site and effect of allelic variants K and A on milk production
traits of Holstein (dairy), Simmental and Brown Swiss (dual purpose) cattle breeds in Croatia. The
DNA was extracted from hair of 371 cows, while coding region of DGAT1p.K232A was ampli-
fied using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) tech-
nique. Dominant frequency of K allele was determined in all three analysed breeds: Holstein (0.775),
Simmental (0.616) and Brown Swiss (0.651). The most Holstein cows were homozygotus for KK
variant (0.637), while dominant genotype in other two breeds was KA (Simmental 0.647; Brown
Swiss 0.644). Positive effect of KK genotype on milk yield was detected in Holstein and Brown
Swiss breeds, while in Simmental breed was negative (-220.8 kg; -463.6 kg) in regard to KA and AA
genotype. Milk of cows with KK genotype in Holstein breed, KA in Simmental and AA in Brown
Swiss were found as the most favourable in terms of fat content. Cows of AA genotype in all the
three analysed breeds have had higher milk protein content. Statistical analysis was performed using
the GLM procedure, including genotype and breed effects as independent variables. The effects of

DGATI1genotypes on milk quantity and quality were not significant (P>0.05).
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Introduction

The gene diacylglycerol-O-transferase 1
(DGATI) is mapped in the centromere region of
BTA14 and encodes the diacylglycerol-O-transferase
enzyme which catalyses the final step in triglyceride
synthesis (Grisart et al., 2002). The allele frequen-
cies and effects of polymorphic variants of DGAT1I
gene have been characterized in many dairy cattle
population: in New Zealand (Spelman etal., 2002),
Germany (Thaller et al., 2003), France (Gautier
et al., 2007), Italy (Scotti et al., 2010), Czech Re-
public (Hanusova et al.,, 2014) and many other

countries. In dairy cows, DGATI gene is considered
to be a candidate gene for milk fat content. A non-
conservative lysine to alanine substitution (K232A)
in this gene has been proved to have a major effect
on milk production trait. In particular, the lysine en-
coding allele (allele K) is associated with increased
fat content of milk compared to the alanine encod-
ing allele, allele A (Winter et al., 2002; Gautier
et al., 2007). Berry et al. (2010) found that the K
allele was associated with reduced milk and protein
yield, but higher yield of milk fat, and concentra-
tion of milk fat and milk protein in Irish Holstein
cows. The DGATI polymorphism creates great
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possibilities to accomplish a relatively rapid change
in milk composition using genotyped bulls (Tkonen
et al., 2004). The aim of presented study was deter-
mination of the polymorphic allelic variants of DGATI
gene and their interactions with milk production traits
(milk yield, fat and protein content) in Holstein, Sim-
mental, and Brown Swiss cattle in Croatia.

Materials and methods

The study included 371 cows belonging to
Holstein (182), Simmental (116) and Brown Swiss
(73) breeds from nine farms in Croatia. DNA was
extracted from the hair using Sigma-Aldrich™Gen-
Elute Mammalian Genomic DNA Miniprep Kit.
Amplification of DAGTI gene was determined by
PCR-RFLP technique according to Winter et al.
(2002). PCR reaction was consisted in a total vol-
ume of 20 uL using DNA as template, 10 X PCR
buffer, 25 mM MgCL, 10 mMdNTP, 5 U TaqPoly-
merase and 10 pmol of each primers (GenBank Acc.,
No. AJ318490; forward: 5’-GCACCATCCTCTTC-
CTCAAG-3’; reverse 5-GGAAGCGCTTTCG-
GATG-3’). The PCR profile included an initial de-
naturation step 94 °C for 4 min, 35 amplification
cycles of 60 s at 94 °C, 30 s at 59 °C, 30 s at 72 °C,
and final extension step 10 min at 72 °C. The ampli-
fied fragments of 411 bp (5.4 uL of PCR product)
were digested with 5 U Cfrl restriction enzyme for
2 h at 37 °C in reaction mixture (4.0 MiliQ wa-
ter, 1.2 uL buffer R, 5.4 uL of PCR product and
0.15 uL. CfrI). The PCR products and digestion
products were visualized and evaluated on 1 % EtBr
agarose gels with TBE buffer. Genotypes were de-
termined based on number/length DNA fragments:
(KK 411 bp), KA (411 bp, 208 bp, 203 bp) and
AA (208 bp, 203 bp). Data for milk yield, milk fat
and protein content in lactation (first three lacta-
tions were averaged) were obtained from central
laboratory for milk control of Croatian Agricultural

Agency. Frequencies of allele and genotype, level of
heterozygosity, Hardy-Weinberg equilibrium and F
statistics were calculated using the Arlequin ver. 3.0
(Excoffier et al., 2005). Statistical analysis of the
experimental data was performed using the GLM
procedure of SAS V9.2 (2008) including genotype
and breed effects as independent variables. The level
of significance of the treatment was set at P<0.05.

Results and discussion

Analysis of DGATI polymorphisms revealed
the presence of three genotypes (KK, KA and AA),
i.e. two allelic variants (K and A) of DGATI gene
in three studied cattle populations. Allele and geno-
type frequencies are reported in Table 1.

Dominant frequency of K allelic variant was
determined in all three analysed breeds, thus KA
genotype was predominant in Simmental and Brown
Swiss, and KK in Holstein breed. The Holstein
breed showed the highest frequency for allele K
(0.775), followed by Brown Swiss (0.651) and Sim-
mental cattle (0.616). Previous studies have showed
a wide interval frequency of K and A allelic variants
K (0.37)and A (0.63) (Grisart etal.,2002; Gautier
et al., 2007); K (0.25) and A (0.75) (Fontanesi et
al., 2007); K (0.59) and A (0.41) (Patel et al.
2009); K (0.32) and A (0.68) (Berry et al. 2010);
K (0.19) and A (0.81) (Manga and Riha, 2011);
K (0.79) and A (0.21) (Mashhadi et al., 2012). As
reported by Spelman et al. (2002) frequency of K
allele in New Zealand Holstein population was in-
creased from 30 to 60 % due to import of Holstein
cattle from the USA, Canada and Netherlands. Op-
posite to this study, Thaller et al. (2003), Kaupe
et al. (2004), and Scotti et al. (2010) have found
domination of A allelic variant of DGATI gene in
Simmental breed. In Croatian population of Brown
Swiss cattle was observed significant higher fre-
quency of allele K (0.651) to compared allele A,

Table 1. Genotype and allele frequencies of DGAT]I gene, Chi an p values, observed (H_) and expected
heterozygosity (H,), and coefficient of inbreeding (F,) in analysed cattle breeds

Genotype frequencies

Allele frequencies

Breed A A KK " X Chi p value H, H, F
Simmental 0.060 0.647  0.293 0.384 0.616 15.64 0.0001 0.647 0.475 -0.361
Holstein 0.088 0.275  0.637 0.225 0.775 8.25 0.0054 0.274 0350 0.234
Brown Swiss ~ 0.027  0.644  0.329 0.349 0.651 12.65 0.0007 0.644 0.458 -0.412
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while in other study on Brown Swiss cattle (Kaupe
et al., 2004; Scotti et al., 2010) was established
domination of A allelic variant. Results from this and
other studies imply that the frequencies of alleles
and genotypes of DAGT1 in different breeds are di-
verse worldwide (Lacorte et al., 2006; Ripoli et
al., 2006).

Fixation index in Holstein population (Table 1)
indicate inbreeding, probably as results of long term
using advanced breeding technologies and the pro-
liferation of a small group of closely related sires.
Hansen et al. (2003) report that only 10 bulls of
their respective breed sired 61 % of the Canadian,
21 % Brown Swiss, 29 % Jersey cattle populations,
and 41 % of the Holstein bulls in the bull studs.
More and more breeders are demanding proven sires
to increase milk production from fewer cows result-
ing in slow but expected decreasing level of genetic
diversity.

Effect of DGATI genotypes on milk yield, fat
and protein content in analysed breeds are present-
ed in Table 2. Cows with KK genotype produced
256.5 kg more milk compared to cows KA genotype
and 381.9 kg more milk than cows AA, but the ob-
served differences were not significant (P>0.05).
Holstein and Brown Swiss cows of KK genotype in
regard to KA and AA had higher milk production,
but differences not significant (P>0.05). Opposite
from results of this study, many authors (Oshima-
Hori and Serrano-Barreras, 2003; Thaller et al.,
2003; Sanders et al., 2006; Oikonomou et al.,

2008) observed a positive effect A allelic variant of
DGATI gene on milk yield of Holstein cows. A pos-
sible reason for the negative impact of the AA geno-
type could be explained by the extremely small num-
ber of cows with the mentioned genotype and the
effects of housing. Kaupe et al. (2004) have found
negative effect of K allelic variant on the amount of
milk yield (-258 kg) and the positive effect on the fat
content (4+0.28 %) and protein content (+0.06 %)
in population of Holstein cows. Hradecka et al.
(2008) also reported a positive effect A allelic vari-
ant on milk yield (+548 kg) and the protein yield
(+12.6 kg) of Holstein homozygous individuals and
negative effect on the fat yield (-15.4 kg). In Sim-
mental breed AA genotype was associated with the
highest milk yield, but also differences were not sig-
nificant (P>0.05).

The results of this study indicated that the
genotype KA of DGATI gene was related to higher
average fat content in milk (+0.13 %; +0.17 %)
compared to KK and AA genotypes. Considering
the average milk protein content, milk of cows with
AA genotype had more favourable values (+0.05 %;
+0.03 %) then cows with KK and KA genotypes.
Although there were evident differences in the aver-
age fat and protein content in milk, they were not
significant (P>0.05). Thaller et al. (2003) and
Hradecka et al. (2008) have observed in the Hol-
stein population negative effect K allelic variant of
DGATI gene on the protein yield, and a positive ef-
fect mentioned variant on fat yield. Considering the

Table 2. Effect of DGATI genotypes on milk yield, fat and protein content in Holstein, Simmental and

Brown Swiss breeds

Breed Genotype (n) Milk yield Fat content Protein content
(kg/305 days) (%) (%)

AA (16) 8825.8+608.8 3.93+0.15 3.33+0.06
Holstein KA (50) 8866.2+405.0 4.09+0.10 3.26+0.04
KK (116) 9224.6x259.5 4.14+0.06 3.30+0.02
AA (7) 6840.0+£529.2 4.16+0.21 3.43+0.08
Simmental KA (75) 6597.2+224.8 4.39+0.09 3.46+0.03
KK (34) 6376.4+305.1 4.14+0.12 3.42+0.04
AA (2) 6050.6+930.2 4.00+0.34 3.62+0.16
Brown Swiss KA (47) 7293.4+318.0 3.84+0.11 3.47+0.05
KK (24) 7496.0+396.0 3.70+0.14 3.45+0.06
AA (25) 7356.5+378.8 3.98+0.12 3.44+0.05
All breeds KA (172) 7481.9+173.8 4.15+0.05 3.41+0.02
KK (174) 7738.4%205.5 4.02=0.06 3.39%+0.02
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average values for milk fat and milk protein content,
milk of Holstein cows with AA genotype in regard to
KK and KA genotypes had less fat content (-0.21 %;
-0.16 %) and more protein content (+0.03 %;
+0.07 %), but the observed differences were not
significant (P>0.05). Simmental cows of KA geno-
type in regard to KK and AA genotypes had higher
average fat content in milk (+0.25 %; +0.23 %),
also the observed differences were not significant
(P>0.05). The average content of milk fat in Brown
Swiss cows of KK genotype of DGATI gene in re-
gard to KA and AA genotypes was lower (-0.14 %;
-0.30 %), although not significant (P>0.05). The
results presented in this study are consistent with
previous studies where KK genotype of DGATI
gene was associated with the largest milk fat con-
tent (Spelman et al., 2002; Thaller et al., 2003;
Leskova et al.,, 2013). The average content of
milk protein from Simmental cows of KA geno-
type in regard to KK and AA genotypes was higher
(-0.04 %; -0.03 %), but differences were not signifi-
cant (P>0.05). Although in milk of Brown Swiss
cows with AA genotype compared with milk of KK
and KA genotypes was found favorable milk protein
content (+0.17 %; +0.15 %) without significant
differences (P>0.05). In some of previous stud-
ies (Spelman et al.,, 2002; Thaller et al., 2003;
Sanders et al., 2006) it was observed that the al-
lelic variant K of DGATI gene has a negative effect
on the milk protein content and mentioned effect
was partly found in this study.

Conclusions

In three cattle breed from Croatia was observed
dominance of K allelic variant of DAGT1 gene. Asso-
ciation between genotypes of DGATI gene and milk
production traits (milk yield, fat and protein con-
tent) was found between breeds, but the observed
differences were not significant. Across all three
breeds, KK genotype was responsible for higher
milk production, KA genotype for higher amount of
milk fat and AA genotype for higher protein content.
Since the results of studies carried out are different
in terms of the impact of polymorphism of DGATI
gene on the milk production traits, it is necessary
to conduct studies on a larger number of animals,
especially dairy cattle breeds.
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Utjecaj DGATI genetskih varijanti na
koli¢inu i kvalitetu mlijeka holstein,
simentalske i smede pasmine goveda u
Hruvatskoj

Sazetak

Cilj ovog istrazivanja bio je utvrditi frekvenciju
alela diacilglicerol-O-transferase 1 gena (DGATI)
K232A polimorfnog mjesta i utjecaja alelnih varijan-
ti K i A na koli¢inu i kvalitetu mlijeka tri pasmine
krava, mlije¢nog i dvojnog tipa proizvodnje u Hr-
vatskoj. IstraZivanje je ukljuc¢ivalo 371 jedinku hol-
stein, simentalske i smede pasmine krava. DNA je
izolirana iz dlake, kodogena regija DGATI1p.K232A
gena umnoZena je koristenjem PCR-RFLP metode.
Dominantna frekvencija alela K utvrdena je kod sve
tri istrazivane pasmine: holstein (0,775), simental-
ske (0,616) i smede pasmine (0,651). Vecina krava
holstein pasmine bila je homozgotna za KK varijantu
(0,637), dok je dominantan genotip za druge dvije
pasmine bio KA (simentalska 0,647; smeda pasmina
0,644). Pozitivan utjecaj KK genotipa na proizvodnju
mlijeka zabiljezen je populacijama u holstein i smede
pasmine, dok je u simentalskoj populaciji bio nega-
tivan (-220,8 kg; -463,6 kg) u odnosu na KA i AA
genotipove. Mlijeko krava KK genotipa holstein, KA
genotipa simentalske i AA genotipa u smede pasmine
imalo je vedi sadrzaj mlije¢ne masti. Krave AA genoti-
pa u sve tri istraZivane pasmine proizvodile su mlijeko
s ve¢im sadrZajem proteina. Statisti¢ka analiza prove-
dena je uz pomoé¢ GLM procedure, uvazavajuéi geno-
tip i pasminu kao neovisne varijable. Utjecaj DGAT1
genotipova na istrazivane kvantitativne i kvalitativne
osobine mlijeka nisu bile signifikantne (P>0,05).

Kljucne rije¢i: DGATI, polimorfizam,
proizvodne osobine, mlijeko, krava
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