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Summary: β-lactoglobulin (β-LGB) gene is the major whey protein of ruminant and is synthesized by secreting cells of 

mammary gland during pregnancy and lactation and its biological function is still unclear. Therefore, the purpose of the study was to 

identify genotype frequencies of single nucleotide polymorphisms (SNPs) in ovine β-LGB gene exon 2 region and its possible 

association with milk traits in dairy sheep breeds. The genetic structures of the SNPs were examined by PCR-RFLP and DNA 

sequencing in three sheep populations. A hundred fifty blood and milk samples each from Sakiz, Akkaraman and Awassi ewes, with 

total of 450 samples were used in the experiment. Awassi sheep breed was found as monomorphic for β-LGB gene in exon 2 region. 

Genotype AB showed a strong association with milk yields content (P<0.001), whereas the animals carrying AA genotype had a 

higher fat percentage (P<0.001) value in the Sakiz sheep breeds. Furthermore, we have reported for the first time g.121C>A SNPs of 

the β-LGB gene for exon 2. In this research, β-LGB showed a significant effect on milk yield in the Sakiz ewes, but further studies 

are necessary to confirm the association reported here.  

Keywords: β-lactoglobulin (β-LGB), milk production traits, sheep. 

Koyun beta-laktoglobulin geni ekzon 2 bölgesine ait genetik polimorfizmin araştırılması ve bazı süt 

verim özellikleri ile ilişkisi 

Özet: β-laktoglobulin (β-LGB) geni ruminantlarda en temel peynir altı suyu protenidir; gebelik ve laktasyon süresince meme 

bezi hücrelerinden salgılanmaktadır; biyolojik fonksiyonu ise henüz tam olarak bilinmemektedir. Dolayısıyla, bu çalışmanın amacı 

koyun β-LGB geni ekzon 2 bölgesine ait tek nükleotit polimorfizmlerinin (TNP) genotip frekanslarının saptanması ve bu olası 

TNP’lerin süt verim özellikleri ile ilişkisinin belirlenmesidir. Çalışmada üç koyun popülasyonunda belirlenen TNP’lerin genetik 

yapısı PCR-RFLP ve DNA dizi analizi metodu ile incelenmiştir. Araştırmada toplam 450 örnek olmak üzere Sakız, Akkaraman ve 

İvesi ırkı koyunlardan 150’şer adet kan ve süt örneği kullanılmıştır. İvesi koyun ırkı β-LGB geni ekzon 2 bölgesi için monomorfik 

bulunmuştur. Sakız koyun ırkında AB genotipi ile süt verimi arasında önemli bir ilişki bulunurken (P<0.001), AA genotipli bireylerin 

yüksek yağ yüzdesine (P<0.001) sahip olduğu gözlenmiştir. Ayrıca bu çalışmada, β-LGB geni ekzon 2 bölgesine ait g.121C>A SNP 

ilk kez tanımlanmıştır. Bu araştırmada, Sakız koyun ırkında β-LGB geninin süt verimi üzerine önemli bir etkisi olduğu belirlenmiştir, 

ancak elde edilen bu bulguların bu konuda yapılacak ilişkilendirme çalışmaları ile doğrulanması gerekmektedir. 

Anahtar sözcükler: β-laktoglobulin (β-LGB), koyun, süt verim özellikleri. 

 
 

 

Introduction 

The dairy sheep industry plays a vital role in many 

Mediterranean countries, especially for the production of 

high quality cheese from local dairy breeds (6, 23). In the 

last few years, interest concerning the milk from small 

ruminants has been increasing in order to find new ways 

of exploiting the potential of local breeds (33). 

According to FAO, total sheep milk production of 

Turkey was 1.101.013 tons in 2013 and the number of 

sheep was 27.425.233 heads in 2013 (14). In Turkey, 

sheep breeds are generally multipurpose, reared for meat 

and milk production (36) and dairy sheep have been 

farmed traditionally, almost all milk is used for cheese 

production and, consequently, milk content traits are very 

important (6). 

For the identification and characterization of 

genetic variants associated with milk performance traits 

in various sheep breeds, many research efforts have been 

based on the candidate gene approach (22, 23, 28, 34). 

Because of financial and practical restrictions, genome-

wide selection is usually unfeasible for most dairy sheep 

breeds, making the application of selection schemes 

assisted by molecular information on causal mutations of 

genes affecting milk traits an attractive alternative in 

dairy sheep (6, 24). Polymorphisms within selected 

candidate genes can be tested for their associations with 
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quantitative traits to better understand their effects and 

can be used in marker-assisted selection (37). 

Most association studies between the ovine milk 

protein polymorphisms and the milk performance traits 

have assessed mainly the effects of single gene and some 

controversial results have been revealed (2, 4, 5, 9). 

Furthermore, typing autochthonous sheep breeds at milk 

protein loci gives the possibility of increasing 

productivity and avoiding the loss of genetic variability, 

thus preserving biodiversity with particular attention to 

endangered breeds carrying special milk protein variants 

(33). 

β-lactoglobulin (β-LGB) gene is the major whey 

protein of ruminant and is synthesized by secreting cells 

of mammary gland during pregnancy and lactation. 

Although its biological function is still unclear, β-LGB 

provides amino acids to the offspring and a possible role 

in the transport of retinol and fatty acids has been 

suggested. β-LGB gene is located on ovine chromosome 

3 and is one of the specific genes that affect milk traits. 

Three co-dominant alleles have been previously 

described in sheep. The A and B variants are presented in 

all breeds, but the C variant is a rare allele found in the 

Merino breed (33). The genetic variant A differs from 

variant B in the amino acid sequence at position 20 

(Tyr20→His20); as reported by Erhardt (12). Mapping 

quantitative trait loci for milk production and genetic 

polymorphisms of milk proteins in dairy sheep. While 

the variant A of β-LGB seems to be associated with fat 

and protein, variant B is associated with higher milk 

yield (33). 

Based on the above considerations, the objective of 

this study is to detect possible ovine β-LGB genotypes, 

and its possible association with milk production traits in 

Sakiz, Akkaraman and Awassi sheep breeds.  

 

Material and Methods 

Animal resources and DNA isolation: Sakiz is a 

high milk yield local dairy sheep breed in Turkey and is 

well known for its early sexual maturity and outstanding 

prolificacy. Milk production varies from 120-250 kg for 

175 days lactation length depending on management and 

husbandry conditions. Akkaraman is the largest local 

sheep population bred in Turkey. It’s fat tailed sheep and 

bred as a dual purpose breed with milk production 

varying from 50-60kg per 140 days lactation. Awassi is 

principally a milk breed reared in southeastern in Turkey. 

Its milk production varies from 120-160kg per 165 days 

lactation (1). 

Four hundred and fifty blood and milk samples 

were used in in the study which included a set of three 

150 samples from Sakiz, Akkaraman and Awassi ewes 

respectively. The sample selected randomly consisted of 

animals that were 4 years old, multiparous and lactating. 

Akkaraman, Awassi and Sakiz breeds were reared, 

respectively, in Elazig and Balikesir County at the 

commercial herds of three farms. Animals were fed 

250g/head/day concentrate commercial food (crude 

protein 20% and 2500 ME kcal/kg) as supplement and 

raised in semi-intensive conditions. Measurements of 

milk yield were initiated on the 14
th

 day of lactation to 

exclude the risk of contamination with colostrum. 

Animals were milked twice a day at constant intervals 

and 20 ml milk sample was collected for milk analysis. 

Individual milk yield was recorded every day during 

lactation for each individual and each breed. Milk sample 

was analysed for milk composition (fat, protein, density 

and non-fat solids) using Lactoscan milk analyser 

(Milktronic Company, Nova Zagora, Bulgaria). Jugular 

blood samples (2 ml/ewe) were collected aseptically 

from each of the animals, using EDTA as an 

anticoagulant. Genomic DNA was extracted from the 

whole blood using the phenol chloroform method (30). 

All samples were delivered back to the laboratory in 

icebox.  

The study was approved by the Ethical Committee 

of Laboratory Animals, Firat University, (FUHADEK-

2012/06.65). 

DNA amplification and genotyping: For this study, 

DNA samples were amplified for β-LGB gene and 

thereafter digested with RsaI restriction enzyme as 

described by Feligini et al. (15). PCR reaction was 

carried out in 25 μL of total volume, containing 10 X 

PCR buffer (50 mM/L KCl, 10 mM/L Tris-HCl (pH 8.0), 

0.1% Triton X-100), 2.5 mM MgCl2, 0.2 mM of each 

dNTP, 10 pM/L of each primer, 50 ng ovine genomic 

DNA and 1U Taq DNA polymerase. PCR conditions 

were as follows: denaturation at 94 °C for 4 min, 

followed by 34 cycles of denaturation at 94 °C for 30 

sec, annealing at 58 °C for 30 sec, extention at 72 °C for 

30 sec and final extention at 72 °C for 4 min, on 

Mastercycler® (Eppendorf AG, Hamburg, Germany). 

The PCR products were separated by electrophoresis on 

3% MetaPhor agarose gels in parallel with a 100 bp 

DNA marker. 

Allele A contained 2 restriction sites for RsaI and 

resulted 3 fragments of 66, 37 and 17 bp, whereas the 

absence of one restriction site in the B allele resulted in 

only 2 fragments of 103 and 17 bp. Then, fifteen 

randomly chosen PCR samples of each genotype were 

sequenced from both directions to confirm the results 

obtained with PCR-RFLP technique. Direct sequencing 

was performed on 3100 ABI PRISM sequencer (Applied 

Bio-systems, USA) and sequenced by commercial 

services. Sequences were obtained with the same primers 

used for PCR amplification. Obtained sequences were 

aligned with the X12817 for β-LGB sequence of the 

GenBank.  
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Statistical Analysis: The genotype, allelic frequencies 

and the observed and expected heterozygosity and 

Hardy-Weinberg equilibrium were calculated using 

Arlequin ver 3.5.1.3 package program (13). Sequences 

were analyzed using the BIOEDIT ver 7.2.5 software 

(18) for sequence alignment.  

 Statistical analysis was performed using R-Project 

software (R Core Team, 2013) and general linear mixed 

model (GLMM) was applied to analyse association 

between β-LGB variants and milk yield, fat and protein 

percentages. Dependent variables in the analysis were 

milk yield, fat and protein percentage whereas the β-LGB 

genotypes and breed were considered as fixed effects in 

the model. The model used was as follows:  

 Yijkl= µ+ Bi + Gj + GxBk + Al + e 

where Y is the variable being estimated being test day 

milk yield, fat or protein; Bi is the fixed effect of the 

breed; Gj is the fixed effect of the genotype; GxBk is the 

fixed interaction effect of breed and genotype; Al is the 

random effect of the animal and e is the residual effect. 

  

Results 

Genotypic and allelic frequencies: After digestion 

of the 120 bp fragment of β-LGB gene with the RsaI 

endonuclease three genotypes were identified in 

examined breeds; AA (66, 37 and 17 bp), AB (103, 66, 

37 and 17 bp) and BB (103 and 17 bp) (Figure 1). Allelic 

frequencies for Sakiz, Akkaraman and Awassi breeds 

were 0.90, 0.98 and 1 respectively for allele A; 0.10, 0.02 

and 0 respectively for allele B. As a result, genotype AB 

and BB were not shown in Awassi sheep breed and it 

was found as monomorphic for β-LGB gene in exon 2 

region. The genotype frequency was different between 

Sakiz and Akkaraman breeds. AB genotype frequency 

was found higher in Sakiz breeds, whereas BB genotype 

was only shown in Akkaraman breed. The allele 

distribution of β-LGB gene in Sakiz sheep breeds was in 

agreement with Hardy-Weinberg equilibrium by the Chi-

square test, on the contrary Akkaraman breed was not 

agreement with Hardy-Weinberg equilibrium (Table 1).  

Allele and genotype effects on milk production 

traits: Least squared means of milk traits are represented 

in Table 2. As milk analyze results, milk yield, fat, 

protein and lactose percentage were found as statistically 

important. Sakiz sheep breed has shown highest milk 

yield, protein and fat percentage, Akkaraman sheep breed 

has highest lactose percentage values when compared to 

among sheep breeds. 

Results of the association study of β-LGB genotypes 

with milk production traits are shown in Table 3. In this 

 

Table 1. Distribution of the observed allele frequencies for β-LGB loci, expected genotype frequencies in accordance with Hardy-

Weinberg equilibrium, observed (HO) and expected heterozygosity (HE) in Sakiz (SAK), Akkaraman (AKK) and Awassi (AWS) 

sheep breeds. 

Tablo 1. Sakız (SAK), Akkaraman (AKK) ve İvesi (AWS) koyun ırklarında β-LGB lokusu için gözlenen alel frekansı dağılımı, 

Hardy-Weinberg dengesi ile uyumlu olarak beklenen genotip frekansı, gözlenen (HO) ve beklenen heterozigotluk (HE) dağılımları. 

 

Population 

 

n 

Allele frequency  Observed Genotypes   

P value 

 

HO 

 

HE (A) (B) (AA) (AB) (BB) 

SAK 150 0.90 0.10 105 45 0 0.3622NS 0.2000 0.1806 

AKK 150 0.98 0.02 144 4 2 0.0023** 0.0267 0.0521 

AWS 150 1.00 0.00 150 0 0 monomorphic 0.0000 0.0000 

**P < 0.01; NS: Not significant 

**P < 0.01; NS: Önemsiz 

 

Figure 1. MetaPhor Agarose gel electrophoresis band patterns after digestion with RsaI endonuclease within the exon 2 region 

sequence of the sheep β-LGB gene; Lane MRK:100 bp DNA marker; Lane 2-3: BB genotype ; Lane 4,6-8: AB genotype; Lane 5: AA 

genotype. 

Şekil 1. Koyun β-LGB geni exon 2 bölgesinin RsaI endonükleazı ile kesimi sonrası elde edilen bant paternlerine ait MetaPhor Agaroz 

jel elektroforez görüntüsü; 1. Kuyucuk MRK: 100 bç DNA marker; 2-3. Kuyucuklar: BB genotipi; 4,6-8. Kuyucuklar: AB genotipi; 

5. Kuyucuk: AA genotipi. 
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study, the PCR-RFLP analysis of exon 2 of the β-LGB 

gene shown interesting variations in the examined 

populations. In all examined breeds, the A allele occurred 

more frequent than B allele. For β-LGB genotypes clear 

differences were observed between Sakiz and 

Akkaraman breeds. In the Akkaraman breed BB 

genotype was only shown two samples, for this reason 

association analyze has been applied the Sakiz breed. In 

the Sakiz breed carrying AB genotype had a greater milk 

yield than those with AA genotype; homozygous AA 

ewes higher milk protein and fat percentage when 

compared heterozygous AB animals. However, there 

were no statistically significant differences in lactose 

percentage.  

As a sequence results, the comparison between 

nucleotide sequence of X12817 (sheep β-LGB gene) 

showed two variation points (g.37G>T, g.121C>A) were 

detected in all samples. In these variation point, g.37G>T 

variation can be determined by RsaI restriction enzyme, 

whereas g.121C>A variation cannot be determined by 

RsaI (Figure 2).  

 

Discussion and Conclusion 

The distribution of allele frequencies of β-LGB gene 

showed that the frequency of allele A was higher than 

that of allele B in Sakiz, Akkaraman and Awassi breeds. 

The similar results were observed in Bavarian milk sheep 

(31), Latvian Darkhead (35), Massese (29), Pag Island 

sheep (19), Gentile di Puglia (8), Delle Langhe (21), 

some Polish (20) and Egyptian (25) sheep breeds (33). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A) The structure of sheep β-LGB gene and RsaI 

enzyme restriction sites. B) DNA sequence of genotype BB, 

g.37G>T variation point C) g.121C>A variation point in sheep 

β-LGB gene.  

Şekil 2. A) Koyun β-LGB geni and RsaI restriksiyon enzimine 

ait kesim bölgeleri. B) BB genotipi, g.37G>T varyasyon 

noktası C) Koyun β-LGB geninde g.121C>A varyasyon 

noktası. 

 

Table 2. Least Square Means (± SEM) of milk traits in sampled sheep breeds. 

Tablo 2.  Örnekleme yapılan koyunlarda süt özelliklerine ait en küçük kareler ortalamaları   (± SH) 

Traits Sheep breeds  

 Sakiz Awassi Akkaraman P value 

Fat (%) 7.066a ± 0.586 5.171b ± 0.455 4.121c ± 0.381 0.000*** 

Lactose (%) 5.419c ± 0.425 5.920b ± 0.489 6.113a ± 0.491 0.000*** 

Protein (%) 6.435a ± 0.571 3.919c ± 0.327 4.029b ± 0.335 0.000*** 

Milk yield (ml/day) 1.102a ± 0.083 1.051a ± 0.078 0.804b ± 0.063 0.000*** 
a,b,c  Different letters indicate statistically significant. 
a,b,c  Farklı harfler istatistiksel olarak önemliliği göstermektedir.     

*** P<0.001. 

 

 

Table 3. Association of β-LGB genotypes with milk production traits in Sakiz sheep breeds. 

Tablo 3. Sakız koyun ırkında β-LGB genotipleri ile süt verim özellikleri arasındaki istatistiksel ilişki. 

 β-LGB  genotype  

 AA AB BB P value 

     Milk yield (ml) 1.034b± 0.016 1.619a± 0.019 - 0.000*** 

     Fat (%) 7.071a± 0.096 4.937b± 0.079 - 0.000*** 

     Lactose (%) 5.478a± 0.013 5.466a± 0.111 - 0.712NS 

     Protein (%) 6.611a± 0.070 6.278b± 0.115 - 0.000*** 

*** means of sheep milk traits with different letters are significantly different, P<0.001 NS: Not significant 

*** Farklı harfler  incelenen süt verim özellikleri bakımından istatistiksel olarak önemli farklılığın olduğunu göstermektedir, 

P<0.001. NS: önemsiz (± SEM). 
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 Sakiz ewes with β-LGB genotype AB showed 

higher milk yield whereas lower fat and protein 

percentage than animals with genotype AA, this should 

be an effect of allele B. In this study, only two 

Akkaraman ewes were shown BB genotype. To explain 

the exact effect of allele B a large number of animals 

would have to be studied.  

However, according to Arora et al. (3) the B allele 

was the most frequent in native Indian sheep breeds as 

reported also in Valle del Belice (10), Sarda (26) and in 

Latxa, Manchega and Churra breeds (5). Schmoll et al. 

(32) reported that East Friesian ewes with the AA 

genotype had the greatest milk yield in the first lactation, 

whereas the BB ones yielded more milk in the following 

lactations. Similarly, Giaccone et al. (16) found that the 

AA genotype was associated with greater milk yield in 

Valle del Belice ewes.  

On the other hand, Pietrola et al. (26) found no 

significant differences among genotypes in Sarda ewes 

and other studies point toward superiority of the B allele. 

Kawecka and Radko (20) found no associations between 

β-LGB genotypes and milk yield and composition in 

some Polish sheep breeds. Ramos et al. (27) observed 

higher milk yield in AB heterozygotes in Merino and 

Serra da Estrela sheep; Yousefi et al. (38) revealed 

significant associations between AB genotypes and 

higher milk fat and lactose percentages in indigenous Zel 

sheep; which are the similar of the results presented in 

this study for Sakiz and Akkaraman. Furthermore, 

similar observations were found for East Frisian Dairy 

sheep (17). 

In our study, Awassi ewes was not shown 

polymorphism for the exon 2 of the ovine β-LGB gene. 

But, Celik and Özdemir (7) reported that AB genotype 

was associated with higher lactose content in Awassi 

sheep. Also, Elmaci et al. (11) reported that the β-LGB 

genotype AB was low and was not exceed 2% in Sakiz 

sheep, which is the opposite of the results presented in 

this study for Sakiz ewes. 

According to Yousefi et al. (38) the inconsistency 

of the observed results compared to other studies may be 

ascribed to breed differences, population size, sampling, 

environmental factors and frequency distribution of 

genetic variants. 

In this study, β-LGB showed a significant effect on 

milk yield in the Sakiz ewes, but this influence was not 

detected in the Awassi breed. But further studies are 

necessary to comfirm the association reported here. 

Furthermore, we have reported for the first time 

g.121C>A SNPs of the β-LGB gene for exon 2. The 

effect of this SNP of β-LGB on milk traits or milk quality 

traits in these sheep breeds should be further 

investigated. 
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