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The main objective of the current study was to obtain 
preliminary results on genetic polymorhism of A and 
C variants at the CSN2 locus in indigenous Romanian 
goat (Banat White, Carpatina) breeds using a rapid and 
efficient genotyping method, TaqMan assay (Applied 
Biosystems, USA). Hair follicle samples were taken from 
73 Banat White and 82 Carpatina purebred goats from 
Arad, Caras-Severin and Timis counties. After the opti-
mization of the genotyping assay it was found that the 
most frequent allele at the CSN2 locus was C in Banat 
White breed, while CSN2*A and CSN2*C showed similar 
frequencies in Carpatina breed (0.51 and 0.49, respec-
tively). All three genotypes were detected in the two 
studied breeds, however, AA was the least frequent, 
especially in Banat White. The studied polymorphisms 
are potential markers for milk production in the stud-
ied breeds and the results will be useful in future works 
aimed at identifying possible associations with milk pro-
duction traits, in order to test the feasibility of produc-
ing hypoallergenic organic goat milk.
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INTRODUCTION

There is limited information about the genetic back-
ground of indigenous goat breeds reared in Romania. 
The goat farming sector in Romania has been rapidly de-
veloping for the last decade. There are 1.362.804 goats 
in Romania according to the reports of the Romanian 
Ministry of Agriculture and Rural Development for the 
year 2015. Overall, the national goat flock in Romania 
increased by over 40%, compared to year 1990. Further-
more, Romania has a pasture surface of 4.9 million hec-
tares (roughly 30% of the country surface), which could 
sustain a flock of up to 16 million breeding sheep and 
goats (Dragomir, 2009). Goats are being reared in Roma-
nia predominantly under extensive low-input production 
systems, with the production being oriented primarily to-
wards milk, while the kid meat is regarded as a marginal 
product. Nowadays, goats are being reared in Romanian 
in over 130.000 farming units (Raducuta et al., 2012).

The breed structure is dominated by the indigenous 
unimproved Carpatina, which represents over 90% of 
the goats reared in Romania. The Carpatina goat is re-
garded as low performing, however the breed has a re-
markable organic resistance and adaptation. Reports con-

cerning the breed’s performance showed modest produc-
tion levels, with milk yields estimates of 220 to 350 kg/
lactation, litter size of 130–160% and growth rates in 
kids ranging between 90 and 110 g/day (Padeanu, 2001; 
Pascal et al., 2011). The second indigenous goat breed of 
Romania, is the better performing Banat’s White, which 
is currently listed as endangered and included in a ge-
netic conservation program, with a census of 1.002 pure-
bred does, reared in 5 farms. The Banat’s White has a 
milk production of 370–400 kg/lactation and is highly 
prolific, with an average litter size of 200–225% (Voiaet 
al., 2011).

Genetic improvement schemes and conservation plans 
are becoming more and more important in each country 
for all species. As for the goat breeds, polymorphism of 
milk proteins, which are related to milk chemical com-
position and processing properties, as well as its biologi-
cal characteristics has been well-studied worldwide (Mar-
tin et al., 2002; Vinesh et al., 2013). However, there are 
very few studies done in Romania (Zaulet et al., 2008; 
Vlaic et al., 2010), mostly using isoelectrofocusing (IEF) 
aiming the genetic polymorhism of milk protein genes, 
especially β-casein (CSN2).

The goat casein gene cluster region spans about 250 
kb on chromosome 6 (Hayes et al., 1993). The CSN2 
encoding gene consists of 9 exons (Roberts et al., 1992; 
Rijnkels 2002; Cosenza et al., 2005). Like in other rumi-
nants, the caseins in goats also show complex and high 
qualitative and quantitative variability, they can be char-
acterised by several genetic polymorphisms (Martin et al., 
2002). Different methods were developed for identifica-
tion of genetic variants of the goat CSN2 locus at the 
DNA level: single-strand conformation polymorphism 
(SSCP) (Chessa et al., 2005; Caroli et al., 2006), allele-
specific-PCR (Ramunno et al., 1995), and PCR- restric-
tion fragment length polymorhism (RFLP) (Cosenza et 
al., 2005). Seven out of ten autosomal alleles: A, A1, C, 
C1, E, 0 and 0´ were characterized at DNA level while 
B and D alleles were described only at protein level until 
now (Mahe & Grosclaude, 1993; Neveu et al., 2002; Gal-
liano et al., 2004; Cosenza et al., 2005; Caroli et al., 2006; 
Chianese et al., 2007; Chessa et al., 2005, 2008; Tortorici 
et al., 2014). The genetic variants A, A1, B, C, C1, D, 
and E were found to be associated with normal β ca-
sein content (5 g/L per allele) (Roberts et al.,1992; Mahé 
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& Grosclaude, 1993; Neveu et al., 2002; Galliano et al., 
2004; Cosenza et al., 2005; Caroli et al., 2006). The C 
variant differs from A in a single amino acid substitution 
Ala177 → Val177 of the mature protein. Mutation is not 
detectable on protein level (like IEF), because both ami-
no acids are neutral, but at DNA level the protein poly-
morphism is identified as a nucleotide transition GCA 
(Ala177) → GTA (Val177). At this position, the A1,E, 
0, and 0´ alleles are all identical and therefore considered 
as a group and referred to as the A allele (Chessa et al., 
2005; Sztankoóva et al., 2008). The existence of two null 
alleles was confirmed by Southern and Northern blotting 
analyses and an allele-specific-PCR (AS-PCR) analyses 
were implemented to discriminate it. The first null allele 
in Southern Italian and the second null allele in Créole 
and Pyrenean breeds were detected (Mahe& Grosclaude, 
1993). These alleles are associated with nondetectable 
amount of this protein in milk and were characterized 
by mutations responsible for premature stop codons in 
exon 7 (Ramunnoet al., 1995; Persuy et al., 1999; Tor-
torici et al., 2014).

Given the strong influence of casein variants on milk 
composition, and being casein genes closely linked, all 
kinds of information regarding casein genotypes of in-
digenous goat populations might affect production traits 
and economical income for commercial goat enterprises. 
In the current study, the main objective was to genotype 
the genetic variant C at the goat CSN2 locus by a rapid 
assay using two Romanian indigenous goat breeds, which 
were not genotyped for these genes for the moment. 
The ultimate purpose was testing the feasibility and re-
liability of using molecular markers assisted selection in 
order to produce hypoallergenic organic goat milk under 
low input rearing conditions.

MATERIAL AND METHODS

For the current study, 73 Banat’s White (Fig. 1.) and 
82 Carpatina (Fig. 2.) purebred goats were randomly se-
lected from 8 herds (3 for Banat’s White and 5 for Car-
patina) located in different areas of Arad, Timis and Car-
as-Severin counties in Western Romania. All flocks were 
included in the official performance recording schemes, 
with the ancestry of the animals being known for at least 
two generations. The three Banat’s White flocks were in-
cluded in the breed’s conservation plan, as national gene 
reserve farms.

Hair follicle samples were taken from each animal and 
genomic DNA was extracted with the method described 
in FAO/IAEA (2004). DNA was stored at –20°C until 
further analysis. DNA concentration was measured with 
NanoDrop Spectrophotometer (Thermo Scientific, USA) 
and diluted to 50 ng.

For the rapid genotyping of the nucleotide substitution 
GCA (Ala177) → GTA (Val177) (reference sequence 
AJ011018.3 from GenBank[www.ncbi.nlm.nih.gov]) the 
TaqMan (Applied Biosystems, USA) genotyping assay 
was designed using the following primers and probe: 
forward primer: 5′-CTT TCT CCA ACC GTC ATG 
TTT-3′, reverse primer: 5′-ACA AAA AAA TCA ATA 
ATG AAT GGT TC-3′, probe C/A: CCCCAGAAAG-
CAGTGCCCC. Real-time PCR was performed in 20 µl 
reactions with 10 µl TaqMan PCR Master Mix contain-
ing AmpliTaq Gold DNA Polymerase (Applied Bio-
systems, USA), 10 pmol concentration of forward and 
reverse primer, 10 pmol of probe and 1 μl (50 ng) of 
genomic DNA as template. Amplification, detection 
and allelic discrimination were performed on ABI 7300 
Real-Time PCR System (Applied Biosystems, USA) in 
96-well reaction plate. PCR conditions were as follows: 
10 min at 95°C, 40 cycles of 15 sec at 95°C and 1 min 
at 60°C. Negative control with distilled water instead of 
DNA from goat sample was run in each assay.

Allelic discrimination analysis was performed using 
SDS software (Applied Biosystems, USA). With SDS 
software the results of allelic discrimination run were 
plotted on a scatter plot of allele A versus allele C, ac-
cording to the differences in the extent of reporter dye 
fluorescence intensity after PCR amplification. Thereby, 
samples were automatically grouped according to their 
genotypes. The results of the TaqMan allelic discrimi-
nation assay were graphically interpreted and all of the 
samples were correctly assigned to the genotype.

The research activities were performed in accordance 
with the European Union’s Directive for animal experi-
mentation (Directive 2010/63/EU).

RESULTS AND DISCUSSIONS

The C>A mutation of the goat CSN2 gene was in-
vestigated through a rapid and sensitive molecular geno-
typing assay. Optimization of theTaqMan probe to dif-

Figure 1. Banat’s White doe, sampling site: Lugoj, Timis county Figure 2. Carpatina doe, sampling site: Secas, Timis county
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ferentiate A and C allele was successfully performed by 
following the manufacturer instruction (Fig. 3.). All three 
genotypes (AA, AC and CC) and the negative control 
were clearly separated based on the different intensity 
of the alleles. Thereby, the TaqMan assay proved to be 
the rapid and sensitive method for identification of goat 
CSN2 genotypes and discrimination of A and C alleles.

The frequencies of A and C allele were similar in Car-
patina while C allele was more frequent in Banat’s White 
(Table 1).

In comparison with other studied goat breeds, in the 
genotyped Carpatina goat populations from the south-
west part of Romania a similar higher frequency of the 
C allele compared to A allele was observed, as previous-
ly reported for the Tunisian Arbi goat and South Italian, 
Sicilian breeds (Saanen, Maltese, Derivata di Siria, Gar-
ganica, Jonicaand Cilentana) (Vacca et al., 2009; Sacchi 
et al., 2005; Chessa et al., 2005; Gigliet al., 2008). At the 
CSN2 locus C variant was dominant in Banat’s White 
goats (0.73) in comparison to allele A (0.27). Similar 
results were reported in Czech dairy goats (0.669 and 
0.331, respectively) and for the indigenous Italian Oro-
bica breed (0.975) using Light Cycler and PCR-SSCP 
analysis (Sztankoóva et al., 2008; Chessa et al., 2005). IEF 
method was not efficient at separating A and C allele in 
Romanian Carpatina breed because of their identical iso-
electric point (Vlaic et al., 2010).In contrast, in most Ital-
ian goat breeds, the allele A had greater frequency (Car-
oli et al., 2007), as in Turkish, Indian, Sudanese (Chessa 
et al., 2007) and Hungarian indigenous breeds.

In the Banat’s White goat breed, the most frequent 
genotype was the homozygous CC (49.32%), followed 

by the heterozygous genotype AC 
(47.95%), whereas the homozygous 
genotype AA (2.73%) had the low-
est frequency. Similar results were 
obtained in Czech White shorthair 
goat breed (Sztankoova et al., 2008).
In the case of Carpatina breed, the 
heterozygous genotype AC had the 
greatest frequency (63.41%) followed 
by the homozygous CC (19.51%) 
and AA (17.08%) genotypes (Ta-
ble 1). These frequency values were 
similar to those previously found in 
Czech Brown Shorthair goats and 
Italian goat populations (Sztankoova 
et al., 2008; Chessa et al., 2005; Car-
oli et al., 2006; Tortorici et al., 2014).

CONCLUSIONS

In the current preliminary study 
the main aim was to present the allele and genotype fre-
quencies of CSN2 variants in Romanian indigenous goat 
breeds (Banat’s White and Carpatina) using a rapid assay. 
The high frequency of the C allele in both studied pop-
ulations was similar to those previously reported in oth-
er indigenous European breeds. The results could prove 
useful for the goat dairy industry and should be utilised 
for genetic improvement of Romanian dairy goat breeds.

Our future plan is to perform association studies be-
tween genotype and milk yields, protein and lactose 

content, in order to assess if 
subsequent impact on such 
production traits exist. Fur-
thermore, the ultimate aim 
is to assess the feasibility of 
including molecular mark-
ers in the selection schemes 
for the Romanian indige-
nous goat breeds with weak 
alleles and null genotypes 
at CSN2 locus, in order to 
produce hypoallergenic milk 
and dairy products. Based on 
our initial results, it is still to 
be elucidated which of the 

studied breeds is more suitable for the mentioned dairy 
products. However, we do know that the used method is 
rapid and efficient for genotyping the studied breeds for 
the weak and 0 alleles as well. Moreover, the presented 
results brought some information about the breeds and 
suggest that there is a genetic basis for molecular marker 
assisted selection in the breeds, and that such trait could 
be included in the breeds’ selection index.
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