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The article presents the results of a molecular genetic study of the beta-lactoglobulin (BLG) of Bushuev dairy cattle , a 
local breed in Uzbekistan. Primers BLG_F1 and BLG_R1 were used to amplify the complete lacto-globulin gene of a Bu-
shuev breeding bull. Then this BLG gene was sequenced. Blast analysis of obtained nucleotide sequence of this gene against 
NCBI GenBank database showed that it has the highest genetic similarity (99.98%) with the Wenshangaofeng breed of 
Chinese zebu cattle (Bos indicus). As a result of multiple alignment (ClustalW) of the BLG gene nucleotide sequence of the 
Bushuev breed with the Chinese zebu breed “Wenshangaofeng”, two novel SNP polymorphisms were identified: one 
2711A>G, which is located in the 3rd intron and the second 3426G>C SNP polymorphism, which is located in the 4th in-
tron. Phylogenetic analysis showed that the Bushuev breed is located in the Chinese cluster-1 that includes 5 Chinese zebu 
breeds: Wenshangaofeng, Weizhou, Guanling, Dabieshan and Jinjiang. Taking into consideration that the Bushuev dairy 
cattle breed was created by crossing local zebu cattle with Dutch and Swiss Brown bulls and some Simmentals and that the 
best crosses were bred inter se, it seems that the Bushuev breed retained the complete BLG gene from founder local zebu 
cattle, which possibly originated from the Chinese zebu Wenshangaofeng breed.  

Keywords: local cattle breed; BLG gene; single nucleotide polymorphisms; SNP; phylogenetic analysis; evolution.  

Introduction 
 

In modern conditions, the development of livestock farming is 
impossible without the development of innovative methods of selec-
tion and breeding, the introduction of information technologies and 
the rational use of genetic resources. The experience of many countri-
es with developed animal husbandry indicates the importance of 
using genetic markers that are associated with the qualitative charac-
teristics of milk productivity in cattle (Caroli et al., 2009; Sherimbetov 
et al., 2020a). Currently, with the development of molecular genetics 
and molecular biology, it becomes possible to identify genes directly 
or indirectly associated with the milk productivity of farm animals. 
Identification of preferred variants of such genes from the point of 
view of selection will allow, in addition to the traditional selection of 
animals, selection to be carried out at the DNA level, that is, by geno-
type. The widespread introduction of DNA technologies in animal 
husbandry makes it possible to study genetic markers that control and 
predict important traits in farm animals. Genetic markers make it 
possible to test animals of any sex and age. The attention of research-
ers has recently been attracted by the locus of the gene of one of the 
main milk proteins – beta-lactoglobulin (BLG).  

The protein known as beta-lactoglobulin (BLG) is considered to 
be a prominent component of the whey protein fraction and makes up 
around 10% of the total protein in cow's milk (Martorell-Aragones 
et al., 2015). The milk of ruminant animals contains beta-lactoglobu-
lin, while the milk of humans, mice, and rats does not. It is thought 
that these proteins help transport small hydrophobic molecules. Spe-
cifically, beta-lactoglobulin has been linked to improving the absorp-
tion of vitamin A from milk (Pervaiz et al., 1985) and possibly in-
fluencing the activity of enzymes (Wodas et al., 2020). 

In dairy cows, the BLG gene is located in chromosome 11, which 
comprises 7 exons and 6 introns and has a total length of 7877 bp (Ilie 
et al., 2008). The β-LG protein has a molecular weight of 36,000 
Dalton, a polypeptide with a single bond of 18 kDa consisting of 

162 amino acid residues. Twelve genetic variants of LGB have been 
found in cattle (A, B, C, D, E, F, G, W, H, I, J, and X). These variants 
encode different protein forms (Farrell et al., 2004). Among them, A 
and B variants are considered to be the most common and have been 
especially associated with variations in milk protein yield and compo-
sition (Lunden et al., 1997).  

Evaluating genetic diversity and population structure is essential 
for understanding the evolutionary history of breed origins as well as 
for providing crucial data for local biodiversity management and con-
servation (Boettcher et al., 2010; Williams et al., 2016; Sherimbetov 
et al., 2020b; Sherimbetov et al., 2024; Xie et al., 2024). Molecular-
genetic characterization of local cattle breeds offers crucial informa-
tion to prevent genetic erosion, inbreeding depression, and uncontrol-
led cross-breeding, all of which can have detrimental effects and ulti-
mately result in extinction (Pariset et al., 2010; Ben Jemaa et al., 
2015; Ciampolini et al., 2015).  

Various cattle Bos taurus breeds have been investigated for iden-
tification of BLG polymorphisms. Polymorphism in zebu (Bos indi-
cus) and yak (Bos grunniens) populations has also been the subject of 
several researches (Bangar et al., 2022). Elevated levels of BLG pro-
tein have been associated with polymorphisms in the BLG gene (Cui 
et al., 2012).  

The genotyping of a bull for the beta-lactoglobulin gene can serve 
as an additional criterion in the selection of animals. In cattle bree-
ding, the main role in increasing the genetic potential of a breed for 
selection traits is played by breeding bull. The hereditary qualities of a 
bull determine the level of herd productivity only 4–5 years after the 
start of its use. Therefore, the earlier a bull is assessed, the less likely 
that this sire will turn out to be a deteriorator. The contribution of 
breeding bulls to the overall genetic improvement of a breed is from 
60% to 80%.  

The “Bushuev” breed is a dairy cattle local breed of Uzbekistan. 
It was named after the head of the “Golodnostepnaya” experimental 
station, Mikhail Mikhailovich Bushuev (1876–1936), who initiated its 
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selection (1905–1918) (FAO Animal Production. Dairy Breeds Bu-
shuev (Bushuevskaya) www.fao.org/4/ah759e/AH759E08.htm). It 
was created by crossing local zebu cattle with Dutch and Swiss 
Brown bulls and some Simmentals and the best crosses were bred 
inter se. Bushuev dairy cattle are well adapted to hot, dry climate 
conditions and are resistant to blood parasitic diseases. Their milk has 
a high fat content (4% and above) and protein (3.7–4.2%).  

The purpose of the research is molecular genetic characterization 
of beta-lactoglobulin (BLG) gene of a Bushuev breeding bull in the 
State Breeding Enterprise "Uznaschilik".  
 
Materials and methods  
 

Ethical approval was granted by the Ethics Committee of the In-
stitute of Genetics and plant experimental biology for the use of the 
cattle genotypes in this study. Blood sampling were carried out by 
official veterinarian under animal welfare standards and in strict ac-
cordance following the guidelines (https://arriveguidelines.org, 
www.ncbi.nlm.nih.gov/books/NBK54050).  

Written informed consent was obtained from the calf/farm owner 
before enrolment to the study. The farm owner was informed about 
the objectives of the study and his rights to withdraw from the study 
at any time.  

The object of the research was a breeding bull of the Bushuev 
breed nicknamed "Sherkhan", used as semen donor at the State Bree-
ding Enterprise "Uznaslichilik". Blood obtained from the breeding 
bull was added to test tubes with 100 mM EDTA to a final concentra-
tion of 10 mM.  

DNA extraction was performed using the GeneJET Genomic 
DNA Purification Kit (Thermo Fisher Scientific). The bovine lacto-
globulingene was amplified using primers BLG_F1 (5'-GTCCCAG 
CCAAGGTCTGTAG-3') and BLG_R1 (5'-GCTCACCCTATCTT 
TTCCCTCT-3'). These primers were designed using Primer3Plus at 
www.bioinformatics.nl/primer3plus (Untergasser et al., 2007). Mea-
surement of quantity and quality of genomic DNA was performed 
using a spectrophotometer NanoDrop Eight (Thermo Fisher Scientif-
ic, USA), then the DNA samples were stored at –20 °C until used for 
PCR (Table 1).  

For PCR, the Platinum™ SuperFi™ DNA Polymerase amplifi-
cation reagent mix (Thermo Fisher Scientific, USA) was used. The 
PCR mix (25 µL) contained DNA (4 µL), 13.35 µL dd H2O, 5 µL 5X 
SuperFi™ Buffer, 0.4 µL 10 mM dNTP mix, 1 µL 10 mM forward 
primer, 1 µL 10 mM reverse primer, 0.25 µL Platinum™ SuperFi™ 
DNA polymerase. PCR was performed on a MiniAmp Plus amplifier 
(Thermo Fisher Scientific, USA). The following thermocycling pro-
gram was used for PCR: initial denaturation (98 °C, 30 s), denatura-
tion (98 °C, 10 s), annealing (60 °C, 10 s) , elongation (72 °C, 4 min) 
– 35 cycles, final elongation (72 °C, 5 min).  

The resulting PCR product was analysed by gel electrophoresis 
with 1xTBE buffer (pH 8.3) in 2% agarose gel, followed by gel stai-
ning with 0.5 μg/mL ethidium bromide (EtBr) solution.  

Electrophoresis was performed using the horizontal electrophore-
sis system SE-1 (Helicon, Russia) at 100 V for 100 minutes. PCR 

products were visualized by UV light and photodocumented by using 
a gel document imaging system BK-AG100 (Biobase Kings Co., Ltd, 
China).  

Table 1  
Primers used in this study  

Primer name Primer nucleotide sequence 
BLG_F1  GTCCCAGCCAAGGTCTGTAG 
BLG_R1  GCTCACCCTATCTTTTCCCTCT 

 

Sequencing was performed using Oxford Nanopore technology 
on the MinION sequencer equipped with an R10.4.1 flow cell. The 
sequencing process was controlled by the MinKNOW program 
(v.19.12.5). Base-calling was performed using Guppy (version 
3.2.10). 

The similarity analysis of the nucleotide sequence of the lacto-
globulingene was performed using the GenBank database using the 
BLAST program of the US National Center for Biotechnology In-
formation (NCBI) (Altschul et al., 1990; https://blast.ncbi.nlm.nih. 
gov/Blast.cgi) and closely related nucleotide sequences of this gene 
were taken from the NCBI GeneBank database for subsequent phy-
logenetic analysis. Multiple alignment of nucleotide sequences was 
performed using the ClustalW algorithm and phylogenetic trees were 
constructed by the neighbor-joining method using the Kimura 2-para-
meter model (1000 boostrap repeats) using the MEGA 11 program 
(Molecular Evolutionary Genetics Analysis version 11 (Boettcher 
et al., 2010).  
 
Results  
 

As a result of amplification of the lacto-globulingene region, a 
PCR product of the expected size (~8500 bp) was obtained. The re-
sulting amplicon was purified and sequenced. The BLG gene nucleo-
tide sequence of the Bushuev breed has been deposited in GenBank 
NCBI database with accession number PV038021. The results of the 
Blast analysis of the sequenced lacto-globulingene of the investigated 
bull show that it has the highest genetic similarity (99.98%) with the 
Wenshangaofeng breed of Chinese zebu cattle (Bos indicus) (Gen-
bank accession number JAKQXP010000003) (Table 1).  

As a result of multiple alighnment (Clustal W) of the BLG gene 
nucleotide sequence of the Bushuev breed with the Chinese zebu (Bos 
indicus) breed “Wenshangaofeng”, two SNP polymorphisms were 
identified: one 2711A>G and the second 3426G>C. 2711A>G SNP 
polymorphism was located in the 3rd intron and 3426G>C SNP po-
lymorphism waslocated in the 4th intron of BLG gene. Multiple 
alighnment of the BLG gene with ten other breeds (Weizhou, Guanl-
ing, Dabieshan, Jinjiang, Lincanggaofeng, Weining, Leiqiong, Yiling, 
Xiangxi, Gir) revealed additional 57 SNP and 2 deletions. In total, 59 
SNPs and 2 deletions were identified (Table 2).  

A phylogenetic tree was constructed that included the sequence 
of the BLG gene of the investigated Bushuev breeding bull isolate as 
well as the closest sequences of the BLG gene taken from the NCBI 
GeneBank database (Fig. 6).  

Table 2  
Summary of BLASTn results of BLG sequence obtained in this study against the NCBI database  

Blastn match GenBank accession # Pairwise similarity, % Query cover, % E-value 
Bos indicus breed Wenshangaofeng JAKQXP010000003 99.98 100 0.0 
Bos indicus breed Dabieshan JAKQXV010000003 99.94 100 0.0 
Bos indicus breed Jinjiang JAJUAF010000003 99.94 100 0.0 
Bos indicus breed Weizhou JAJUAN010000003 99.93 100 0.0 
Bos indicus breed Guanling JAJUAI010000003 99.93 100 0.0 
Bos indicus breed Lincanggaofeng JAKQXR010000003 99.77 100 0.0 
Bos indicus breed Weining JAJUAU010000003 99.76 100 0.0 
Bos indicus breed Leiqiong JAJUAJ010000003 99.76 100 0.0 
Bos indicus breed Gir PRDE01000003 99.62 100 0.0 
Bos indicus breed Yiling JAKQXO010000003 99.42 100 0.0 
Bos indicus breed Xiangxi JAKQXN010000003 99.36 100 0.0 
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Fig. 1. Multiple sequence alignment of the BLG gene of the investigated Bushuev breed (Uzbekistan)  

and Bos indicus breed Wenshangaofeng: nucleotide positions are shown in relation to the start codon reference point  

  
Fig. 2. Neighbor-joining phylogenetic tree of zebu (Bos indicus) breeds  

Phylogenetic analysis revealed that breeds grouped in three clus-
ters. The phylogenetic tree showed that the Bushuev breeding bull 
isolate is located in the Chinese cluster-1 that includes 5 Chinese zebu 
breeds: Wenshangaofeng, Weizhou, Guanling, Dabieshan and Jin-
jiang. The second cluster consists of 3 Chinese zebu breeds: Lincang-
gaofeng, Weining, Leiqiong. and the third cluster includes 2 Chinese 
zebu breeds (Yiling, Xiangxi) and one Indian zebu breed Gir.  

Analysis of encoded protein of the BLG gene of the investigated 
Bushuev breeding bull isolate reveals that this isolate has a homozyg-
ous genotype BB (Fig. 4).  
 
Discussion  
 

The results from this study are consistent with several prior stu-
dies suggesting that zebu cattle were domesticated 8,000–9,000 years 

ago (B.P.) in India and dispersed throughout northwestern South Asia 
through China, Afghanistan, Southern Central Asia and modern day 
Iran by 6,000 (Fig. 3) (Pérez-Pardal et al., 2018; Semenenko et al., 
2019; Ajmone-Marsan et al., 2010; Chen et al., 2010). The results of 
our phylogenic analysis regarding the close relatedness of the native 
breed in Uzbekistan with Chinese zebu breeds reveal profound influ-
ence of the Silk Road (an ancient network of trade routes that con-
nected the East and West) on genetic diversity of cattle in Uzbekistan. 
Our data confirm the existence of a so called “The biological silk 
road” that involved the exchange of crops, livestock, pathogens, and 
genes along the Silk Road. It is worth noting the positive conse-
quences associated with the zebu genetic founder effect during bree-
ding of the Bushuev breed. There are several reports emphasizing that 
milk of zebu cattle offers numerous health benefits. It has higher 
nutritional quality (Siddiqui et al., 2024), enhances the immune sys-
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tem (Sharma et al., 2019) and improves cognitive function and mem-
ory in people (Ogata et al., 2016). Analysis of encoded protein of the 
BLG gene of the investigated Bushuev breeding bull isolate reveal 
sthat this isolate has a homozygous genotype BB. Understanding of 
the BLG genotype of cattle is very important since it is linked to a 
number of factors that are significant to the dairy industry. The BLG 
B variant is linked to greater cheese yields (Meza-Nieto et al., 2013). 

It also has been shown that the β-lactoglobulin BB genotype resulted 
in the higher fat content (Cendron et al., 2021). Since human milk 
contains a comparatively high concentration of α-LA and lacks BLG 
(de Wit, 1998), whey composition linked to the BLG variant B is 
advantageous when utilized as a component for infant nutrition. 
Knowledge on BLG genotypes might be useful for Uzbekistan far-
mers who manufacture their milk into cheese.  

Table 3  
SNPs and deletions identified in this study  

Breed name 
SNPs according to the nucleotide position (in relation to the start codon reference point) 
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BUSHUEV  T T C C G T A T C C C C C A C C C A A C T G G A G T G G C A G 
WENSHANGAOFENG  T T C C G T A T C C C C C A C C C A A C T G G A G T G G C A G 
WEIZHOU  T T C T G T A T C C C C C A C C C A A C T G G A G T G G C A G 
GUANLING  T T C C G T A T C C C C C A C C C A A C T G G A G T G G C A G 
DABIESHAN  T T C C G T A T C C C C C A C C C A A C T G G A G T G G C A G 
JINJIANG  T T C C G T A T C C C C C A C C C A A C T G G A G T G G C A G 
LINCANGGAOFENG  T C C C G T A T C T C C C A C T C A A C T G G A G T G G C A G 
WEINING  T C C C G T A T C T C C C A C T C A A C T G G A G T G G C A G 
LEIQIONG  T C C C G T A T C T C C C A C T C A A C T G G A G T G G C A G 
YILING  C C G C A С G C C C T G C C T T C G G T T G A G G C G A T A G 
XIANGXI  C T G C A T G C T C T G delC A T C C G G T G A A G A C A G T delA A 
GIR  T C G C A T A T C C C G delC A C T T A A C T G A G A C A G T A G 
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BUSHUEV  C G C G A C G A T G T C C T T C G G G G G C G G C C C C C T  
WENSHANGAOFENG  C G C G A C A A T G T C C T T C G G G G G G G G C C C C C T  
WEIZHOU  C G C G A C G A T G T C C T T C G G G G G C G G C C C C C T  
GUANLING  C G C G A C G A T G T C C T T C G G G G G C G G C C C C C T  
DABIESHAN  C G T G A C G A T G T C C T T C G G G G G C G G C C C C C T  
JINJIANG  C G T G A C G A T G T C C T T C G G G G G C G G C C C C C T  
LINCANGGAOFENG  C G C G A C G A T G T C C T C C G G G G G C G T C C T C C C  
WEINING  C G C G A C G A T G T T C T C C G G G G G C G T C C T C C C  
LEIQIONG  C G C G A C G A T G T T C T C C G G G G G C G T C C T C C C  
YILING  T G C A G T G G C A C C C A C C G G G G A C G T G C C T C C  
XIANGXI  C A C A G T G G C A C C T A C T G A A G G C T T C C C C C C  
GIR  C G C A A C G A T G T C C T C C A G G C G C T T C T C C T C  

 

  
Fig. 3. Migration and evolution ways of livestock animals  

 
Fig. 4. Amino acid sequence alignment of BLG encoded protein of Bushuev breed with BLG B reference allele  
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Conclusion  
 

The Bushuev dairy cattle breed has the greatest genetic similarity 
to the Wenshangaofeng Bos indicus breed in terms of the beta-lacto-
globulin (BLG) gene. Taking into consideration that the Bushuev 
dairy cattle breed was created by crossing local zebu cattle with Dutch 
and Swiss Brown bulls and some Simmentals and that the best 
crosses were bred inter se, it seems that the Bushuev breed retained 
the complete BLG gene from founder local zebu cattle, which possi-
bly originated from Chinese zebu of the Wenshangaofeng breed.  

 

All authors declare that they have no conflicts of interest.  
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