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Animal health is a very important issue affecting 
the profitability of sheep production (4, 9, 10, 14, 
25). Mastitis is becoming a major health problem in 
dairy sheep (8). It is an inflammatory disease of the 
mammary gland, which is manifested by an increased 
number of somatic cells in milk (18). Inflammation of 
the mammary gland is caused mainly by bacteria – the 
most prevalent are coagulase-negative staphylococci 
(22, 24). Mastitis has economic implications related 
to the costs of treatment, premature slaughter (17), 
reduced growth of lambs and their mortality caused 
by reduced milk production, and a  reduction in the 
price of milk due to its lower quality (24). Subclinical 
mastitis negatively influences milk yield, and the low 
milk yield (especially with a reduced lactose concentra-
tion) is associated with a low cheese yield and cheese 

quality (22). The limit of somatic cell count (SCC) is 
not currently laid down for sheep – in cattle, this limit 
is 250 000-300 000 SCC/ml (18). Leitner et al. (11) 
classified the quality of milk with respect to reduced 
milk production in sheep and goats with udder infec-
tion: infection of 25% of udders in a herd was associ-
ated with 4.1% milk loss and 5.2% curd loss; whereas 
infection of 75% of udders in a herd resulted in 12.2% 
milk loss and 15.5% curd loss. The normal level of 
somatic cells in the milk of non-mastitic sheep is highly 
variable. It is particularly high in the colostral period 
and at the end of lactation, but it may be influenced 
by various factors, such as the age of the animal, its 
level of production, stress, the sanitary status of the 
animal, etc. (3). Milk components are also affected 
by the individual genetic foundation. The so-called 
candidate genes that influence milk quality should 
be taken into account when selecting for milk yield. 
The use of genetic markers in the livestock breeding 
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Summary
In the Czech Republic, dairy sheep have traditionally been used as a  dual-purpose species, generating 

income from both milk and meat. The functionality and health of the mammary gland are directly correlated 
with milk production, as well as with the hygiene and quality of milk and dairy products. Mastitis is one of 
the main infectious diseases in dairy sheep. One of the candidate genes that affect milk production traits is the 
ATP-binding cassette sub-family G member 2 (ABCG2) gene. The ABCG2 gene, a member of the ATP-binding 
cassette family, transports cytostatic and xenobiotic drugs across the cytoplasmic membrane. The study was 
based on 1747 records from 387 head of dairy sheep of the Lacaune breed (139) and the East Friesian breed 
(248). The analysis was performed by means of polymerase chain reactions (PCR). Genomic DNA was extracted 
from blood. Phenotype data used in the study were provided by the Association of Sheep and Goat Breeders in 
the Czech Republic (ASGB). We typed all three genotypes: DD, DI and II. In the Lacaune breed, the frequency 
of occurrence of the major D allele was 0.694, and the minor I allele had a frequency of occurrence of 0.306. 
In contrast, in East Friesian sheep the frequency of allele D was 0.216 and that of allele I was 0.784. Mutation 
c.683-80_46del in the intron 5 region of the ABCG2 gene confirmed the effect on somatic cell count in the 
dairy sheep population observed in this study. Further studies are needed to evaluate this possible association 
in other sheep breed populations. Mutation c.683-80_46del in intron 5 of the ABCG2 gene could be used as 
a candidate gene for somatic cell count.
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process makes it possible to achieve more effective 
selection and thus reduce the time required to achieve 
the breeding aims (12). One of the genetic markers that 
is linked with such traits is the ATP-binding cassette 
sub-family G member 2 (ABCG2) gene.

ATP-binding cassette sub-family G member 2 
(ABCG2) is located at chromosome 6 NC_019463.2 
with 21 exons. ABCG2 belongs to the family of trans-
porters, which contains the ATP-binding domain. 
ABCG2 is responsible for the transport of various cyto-
static and xenobiotic drugs across the cell membrane 
(20). According to Gutiérrez-Gil et al. (7), the ABCG2 
gene affects milk yield in sheep and cattle. ABCG2 is 
also related to the mammary gland phenotypes (milk 
and mastitis traits) (16). Árnyasi et al. (2) identified 
a single 35-base insertion/deletion and 13 SNPs, and 
found a significant association between polymorphisms 
within ABCG2 and somatic cell count and protein 
percentage in milk.

The aim of this study was to type the polymorphism 
at the ABCG2 locus and to determine its association 
with somatic cell count in Lacaune and East Friesian 
sheep kept in the Czech Republic.

Material and methods
In the present study, we used a total of 1747 records from 

387 animals from two different sheep populations: Lacaune 
sheep (139) and East Friesian sheep (248). Phenotype data: 
milk production and somatic cell count were obtained from 
a database of the Association of Sheep and Goat Breeders in 
the Czech Republic (ASGB). Genomic DNA was extracted 
from blood using a GeneAll® ExgeneTM Blood SV mini kit. 
The length of the PCR product was 496 bp if the deletion 
was not present (genotype II) and 461 bp if present (geno-
type DD). PCR assay was performed in 17 µl of reaction 
mixture containing 10 µl PPP Master Mix (Top Bio Ltd., 
Prague, Czech Republic), 1 µl of template genomic DNA 
(concentration: 50 µg/ml), 2 µl of forward and reverse 
primers (concentration: 100 pmol/µl and 4 µl H2O. We used 
forward ABCG2: F 5’-TGCCTCTTCTCCCATATCGT-3’ 
(Tm(C) = 55.0°C) and reverse ABCG2: R 5’-ACACTCT-
CAGCCTGCCTCAT-3’ (Tm(C) = 58.5°C) primers (Generi 
Biotech, Hradec Králové, Czech Republic). The PCR prim-
ers were designed using the Primer3 software (http://bioinfo.
ut.ee/primer3-0.4.0/primer3/). Thermal cycling conditions 
included an initial denaturation step at 95 °C for 2 min fol-
lowed by 30 cycles of 95 °C for 30 s, 58 °C for 30 s, and 
72°C for 50 s, the final extension step at 72°C for 5 min 
and final cooling to 4°C (Biometra Thermoblock: 050-801 
TGradient 96, Biometra, Goettingen, Germany). PCR frag-
ments were separated by electrophoresis on a 3% agarose 
gel in TBE stained with ethidium bromide using a Gene- 
Ruler 50 bp Ladder (Top Bio Ltd., Prague, Czech Republic).

Allele and genotype frequencies and the Hardy-Weinberg 
equilibrium were determined by SAS version 9.4 (21).

The influence of the polymorphism at the ABCG2 locus 
on somatic cell count (SCC) and somatic cell score (SCS) 
obtained by logarithmization of SCC was calculated by the 
least squares method (LSM) using the SAS v.9.4 software 
(21). The fixed effects of the herd-year-season of measure-

ment (HYS), genotype, age and breed were included in the 
model. Additionally, the analyses were performed separately 
for groups of records with low SCC (≤ 300 000) and high 
SCC (> 300 000).

Results and discussion
Mastitis is becoming a major health problem in dairy 

ewes. It is associated with the presence of contami-
nants in milk (pathogens or antibiotics) and leads to 
decreased milk production and increased involuntary 
culling (8). SCC has been described as a good indica-
tor of subclinical infection, although breed-specific 
thresholds have been advised (1). Selection for masti-
tis resistance in dairy sheep could be focused mainly 
on selection against subclinical mastitis based on the 
somatic cell score (19).

In the present study we typed a genetic polymor-
phism at position c.683-80_46del in intron 5 of the 
ABCG2 gene in two different sheep populations: 
Lacaune sheep and East Friesian sheep kept in the 
Czech Republic. This mutation is described in the non-
coding region and cannot translate to changes in the 
amino acid sequence. However, it is well known that 
intron(s) can act as carriers of transcription regulatory 
elements. They can also be a  source of non-coding 
RNA, and they are involved in alternative splicing, as 
described by Fedorova and Fedorov (5) and Árnyasi 
et al. (2).

We found all 3 genotypes: in DD at both alleles 
there was a 35 bp long deletion, and amplified frag-
ments were 461 bp long; in ID at one allele there was 
a  deletion, and amplified fragments were 461 and 
496 bp long; in II no deletion was found, and both 
alleles were 496 bp long. These results are shown by 
gel electrophoresis in Figure 1.

Fig. 1. Polymorphism of c.683-80_46del at ABCG2 in gel 
electrophoresis
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Table 1 shows the allele and genotype frequency 
of genetic polymorphism at position c.683-80_46del 
in intron 5 of the ABCG2 gene in two different sheep 
populations: Lacaune (LA) and East Friesian sheep 
(EF).

Allele D (0.694) was the most common allele at 
the ABCG2 loci opposite to allele I (0.306) in LA. 
In EF, on the contrary, allele I (0.784) occurred most 
frequently, opposite to allele D (0.216). A similar 
result was described in Hungarian sheep populations, 
especially in Awassi and Gyimesi Racka sheep breeds 
(2). According to the Hardy-Weinberg equilibrium, 
both breeds, LA and EF, were in genetic equilibrium 
(probability p < 0.01).

In this study, we investigated the association between 
the genetic polymorphism-genotype combination and 
SCC (Tab. 2-4). For statistical analysis, we used 384 
head of sheep with 1747 records.

Table 2 shows descriptive statistics of somatic cell 
count in both sheep populations: Lacaune sheep and 
East Friesian sheep. In the EF population, the value of 
SCC was evidently higher than in the LA population.

Table 3 presents the least squares means (LSM) for 
SCC for each genotype in the LA and EF populations. 
Differences between genotypes were not statistically 
significant. In LA, however, a positive influence of 
allele I on somatic cell count can be assumed. The 
II genotype had the lowest SCC in this case, and the 
highest value was found for the ID genotype. On the 
other hand, in EF, in which SCC was much higher, indi-
viduals with the II genotype had a higher somatic cell 
count than animals carrying the DD or ID genotype.

With regard to SCS (Tab. 4), LA sheep with the 
II genotype showed significantly lower LSM than 

those with other genotypes, whereas in EF sheep the 
differences between genotypes were not statistically 
significant.

EF had a higher frequency of allele I and the II geno-
type, as well as a much higher somatic cell count than 
LA. To overcome the large differences in SCC between 
EF and LA, the analyses were repeated for both breeds 
within two categories of records: those with low SCC 
(≤ 300 000) and high SCC (> 300 000). In the low SCC 
group, the II genotype had the lowest LSM for SCS 
in both breeds (Tab. 5), while the differences between 
genotypes in the high SCC group were not statistically 
significant. To some extent, these results are similar 
to the findings of Árnyasi et al. (2), who also studied 
two breeds: Gyimesi Racka with low SCC, where 
the II genotype was associated with lower SCC, and 
Awassi with high SCC and no significant differences 
between genotypes. These results suggest that allele I 
could be associated with lower basal SCC in the milk 
of healthy animals, but not with increased resistance to  
mastitis.

Tab. 6. Somatic cell score for each genotype in the group of 
milk samples with SCC > 300 000

Genotype
East Friesian Lacaune

LSM St. err. LSM St. err.

DD 6.75 0.19 6.72 0.13

ID 6.86 0.14 6.99 0.15

II 6.96 0.12 6.56 0.31

Tab. 5. Somatic cell score for each genotype in the group of 
milk samples with SCC ≤ 300 000

Genotype
East Friesian Lacaune

LSM St. err. LSM St. err.

DD 4.85a 0.10 4.16a 0.05

ID 4.66b 0.07 4.14a 0.06

II 4.60b 0.07 3.92b 0.11

Explanations: as in Tab. 4.

Tab. 4. Somatic cell score for each genotype

Genotype
East Friesian Lacaune

LSM St. err. LSM St. err.

DD 5.67 0.16 4.57a 0.09

ID 5.45 0.12 4.62a 0.09

II 5.63 0.10 4.18b 0.16

Explanations: a, b LSM marked with different letters differ signi-
ficantly (p < 0.05)

Tab. 3. Somatic cell count (in thousands) for each genotype 
and both breeds

Genotype
East Friesian Lacaune

LSM St. err. LSM St. err.

DD 739.9 170.9 294.9   67.9

ID 659.3 122.0 384.6   70.7

II 825.8 107.7 139.4 123.5

Tab. 1. Allele and genotype frequencies of the polymorphism 
in ABCG2 in both sheep breeds

ABCG2 LA1 EF2

DD 72 (0.518)   18 (0.072)

ID 49 (0.353)   71 (0.286)

II 18 (0.129) 159 (0.641)

D 0.694 0.216

I 0.306 0.784

p2 0.482 0.047

2pq 0.425 0.338

q2 0.093 0.615

Explanations: LA1 – Lacaune sheep; EF2 – East Friesian sheep. 
The figures in brackets are relative frequencies

Tab. 2. Descriptive statistics of somatic cell count in both 
sheep breeds

SCC Number  
of records

Mean 
(thous.)

Std dev. 
(thous.)

Minimum 
(thous.)

Maximum 
(thous.)

LA1   696 347   989   6 8673

EF2 1051 744 1423 15 9957

Explanations: as in Tab. 1
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There have been few reports so far (2, 6, 7) on the 
genetic polymorphism of the ABCG2 gene and its 
effect on milk production traits, especially on SCC in 
the sheep population. To date, only few reports have 
explored the effect of ABCG2 on milk production traits 
in cows (13, 15, 16, 23).

The present study describes genetic variability in 
c.683-80_46del in intron 5 of the ABCG2 gene and 
the association of the genotype with SCC in two dif-
ferent sheep populations: Lacaune and East Friesian 
sheep kept in the Czech Republic. A similar result was 
reported by Árnyasi et al. (2) in the Hungarian sheep 
population. Especially Gyimesi Racka and Awassi 
sheep had a similar allele frequency (D = 0.62, I = 0.38) 
as Lacaune sheep, but the value of SCC was higher in 
the Awassi than it was in the Lacaune.

The results regarding the ABCG2 gene in sheep and 
cattle and its possible effect on milk production (SCC) 
presented in this study or published elsewhere high-
light the need for further investigations of the ABCG2 
gene and its chromosomal region. Further studies are 
needed to evaluate the possible association between 
ABCG2 and milk production traits as well as SCC in 
sheep more effectively.
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