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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 (Clustal W) 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
etal., 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 B-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, 1, 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
etal., 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/ah759¢/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 pL) contained DNA (4 pL), 13.35 uL dd H,O, 5 uL 5X
SuperFi™ Buffer, 0.4 pL 10 mM dNTP mix, 1 pL. 10 mM forward
primer, 1 pLL. 10 mM reverse primer, 0.25 uL 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 pg/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 Fl GTCCCAGCCAAGGTCTGTAG
BLG RI 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
etal.,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, Leigiong, 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 JAJUANO010000003 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 JAKQXO0010000003 99.42 100 0.0
Bos indicus breed Xiangxi JAKQXN010000003 99.36 100 0.0
2
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Fig. 1. Multiple sequence alignment of the BLG gene of the investigated Bushuev breed (Uzbekistan)
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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).

Table 3
SNPs and deletions identified in this study

It also has been shown that the B-lactoglobulin BB genotype resulted
in the higher fat content (Cendron et al., 2021). Since human milk
contains a comparatively high concentration of a-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.
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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.

References

Ajmone-Marsan, P., Garcia, J. F., & Lenstra, J. A. (2010). On the origin of cat-
tle: How aurochs became cattle and colonized the world. Evolutionary
Anthropology: Issues, News, and Reviews, 19(4), 148—157.

Bangar, Y. C., Patil, C. S., Magotra, A., & Yadav, A. S. (2021). Meta-analysis
of gene polymorphism of beta-lactoglobulin gene in Indian dairy cows.
Biochemical Genetics, 60(3), 1039-1048.

Ben Jemaa, S., Boussaha, M., Ben Mehdi, M., Lee, J. H., & Lee, S.-H. (2015).
Genome-wide insights into population structure and genetic history of tu-
nisian local cattle using the illumina bovinesnpS0 beadchip. BMC Geno-
mics, 16(1), 677.

Boettcher, P. J., Tixier-Boichard, M., Toro, M. A., Simianer, H., Eding, H.,
Gandini, G., Joost, S., Garcia, D., Colli, L., & Ajmone-Marsan, P. (2010).
Objectives, criteria and methods for using molecular genetic data in priori-
ty setting for conservation of animal genetic resources. Animal Genetics,
41(sl), 64-77.

Caroli, A. M., Chessa, S., & Erhardt, G. J. (2009). Invited review: Milk protein
polymorphisms in cattle: Effect on animal breeding and human nutrition.
Journal of Dairy Science, 92(11), 5335-5352.

Cendron, F., Franzoi, M., Penasa, M., De Marchi, M., & Cassandro, M. (2021).
Effects of B- and k-casein, and B-lactoglobulin single and composite geno-
types on milk composition and milk coagulation properties of Italian Hols-
teins assessed by FT-MIR. Italian Journal of Animal Science, 20(1),
2243-2253.

Chen, S., Lin, B.-Z., Baig, M., Mitra, B., Lopes, R. J., Santos, A. M., Magee,
D. A., Azevedo, M., Tarroso, P., Sasazaki, S., Ostrowski, S., Mahgoub,
0., Chaudhuri, T. K., Zhang, Y .-P., Costa, V., Royo, L. J., Goyache, F.,
Luikart, G., Boivin, N., ... Beja-Pereira, A. (2009). Zebu cattle are an ex-
clusive legacy of the South Asia neolithic. Molecular Biology and Evolu-
tion, 27(1), 1-6.

Ciampolini, R., Casu, S., Mastrangelo, S., Flori, L., Moazami, G. K., Sechi, T.
(2015). Genetic diversity of Mediterranean cattle breeds related to geogra-
phy and climate. In: Proceedings of the 21st animal science and production
association congress, 14, 65-66.

de Wit, J. N. (1998). Nutritional and functional characteristics of whey proteins
in food products. Journal of Dairy Science, 81(3), 597-608.

Farrell, H. M., Jimenez-Flores, R., Bleck, G. T., Brown, E. M., Butler, J. E.,
Creamer, L. K., Hicks, C. L., Hollar, C. M., Ng-Kwai-Hang, K. F., &
Swaisgood, H. E. (2004). Nomenclature of the proteins of cows’ milk —
sixth revision. Journal of Dairy Science, 87(6), 1641-1674.

Ilie, D. E., Gavojdian, D., Kusza, S., Neamt, R. 1., Mizeranschi, A. E., Mihali,
C. V., & Cziszter, L. T. (2023). Kompetitive allele specific PCR genotyp-
ing of 89 SNPs in Romanian Spotted and Romanian Brown cattle breeds
and their association with clinical mastitis. Animals, 13(9), 1484.

Lundén, A., Nilsson, M., & Janson, L. (1997). Marked effect of B-lactoglobulin
polymorphism on the ratio of casein to total protein in milk. Journal of
Dairy Science, 80(11),2996-3005.

Martorell-Aragonés, A., Echeverria-Zudaire, L., Alonso-Lebrero, E., Boné-
Calvo, J., Martin-Muiloz, M. F., Nevot-Falco, S., Piquer-Gibert, M., &

Valdesoiro-Navarrete, L. (2015). Position document: IgE-mediated cow’s
milk allergy. Allergologia et Immunopathologia, 43(5), 507-526.

Meza-Nieto, M. A., Gonzalez-Cérdova, A. F., Piloni-Martini, J., & Vallejo-
Cordoba, B. (2013). Effect of B-lactoglobulin A and B whey protein va-
riants on cheese yield potential of a model milk system. Journal of Dairy
Science, 96(11), 6777-6781.

Ogata, S., Tanaka, H., Omura, K., Honda, C., & Hayakawa, K. (2016). Asso-
ciation between intake of dairy products and short-term memory with and
without adjustment for genetic and family environmental factors: A twin
study. Clinical Nutrition, 35(2), 507-513.

Pariset, L., Mariotti, M., Nardone, A., Soysal, M. 1., Ozkan, E., Williams, J. L.,
Dunner, S., Leveziel, H., Mar6ti-Agots, A., Bodo, 1., & Valentini, A.
(2010). Relationships between Podolic cattle breeds assessed by single
nucleotide polymorphisms (SNPs) genotyping. Journal of Animal Bree-
ding and Genetics, 127(6), 481-488.

Pérez-Pardal, L., Sanchez-Gracia, A., Alvarez, L, Traoré, A., Ferraz, J. B. S.,
Fernandez, 1., Costa, V., Chen, S., Tapio, M., Cantet, R. J. C., Patel, A.,
Meadow, R. H., Marshall, F. B., Beja-Pereira, A., & Goyache, F. (2018).
Legacies of domestication, trade and herder mobility shape extant male
zebu cattle diversity in South Asia and Africa. Scientific Reports, 8(1),
18027.

Pervaiz, S., & Brew, K. (1985). Homology of B-lactoglobulin, serum retinol-
binding protein, and protein HC. Science, 228(4697), 335-337.

Semenenko, A. A. (2019). The spread of zebu cattle from South Asia to the
East Mediterranean region as a marker of Indo-European population dis-
persal. Bulletin Social-Economic and Humanitarian Research, 2(4), 3-27.

Sharma, A., Shandilya, U. K., Sodhi, M., Mohanty, A. K., Jain, P., & Mukesh,
M. (2019). Evaluation of milk colostrum derived lactoferrin of Sahiwal
(Bos indicus) and Karan Fries (cross-bred) cows for its anti-cancerous po-
tential. International Journal of Molecular Sciences, 20(24), 6318.

Sherimbetov A. G. Namazov, S. E., Adilov, B. S., Ruzmetov, D. R., Sadiqov,
K. R., Matyoqubov, S. K., & Karimov, E. Y. (2020a). Investigation and
identification of phytopathogenic and saprophytic Fusarium species in the
agricultural fields soil layers of the Republic of Uzbekistan. Plant Cell Bio-
technology and Molecular Biology, 21, 101-108.

Sherimbetov, A. G., Adilov, B. S., Kadirova, Z. N., Makhmudov, T. X., Mam-
betnazarov, A. B., Ruzmetov, D. R., Yuldashov, U. X., & Karimov, E. Y.
(2020b). Molecular verification of species identity of some isolates of the
genus Fusarium deposited in the phytopathogen collection in Uzbekistan.
Plant Cell Biotechnology and Molecular Biology, 21, 94-98.

Sherimbetov, A. G., Zaynitdinova, L. L., Adilov, B. S., & Ruzmetov, D. R.
(2024). Trichoderma afroharzianum species associated with the anthropo-
genically polluted soils in Uzbekistan. SABRAO Journal of Breeding and
Genetics, 56(5), 1946-1957.

Sherimbetov, A., Sherimbetov, S., Adilov, A., Ruzmetov, D., & Shavkiev, J.
(2024) Rapid detection of Alternaria spp. by PCR in the newly created
forest plantations on the drained bottom of the Aral Sea. Regulatory Me-
chanisms in Biosystems, 15(2), 361-366.

Siddiqui, S. A., Schulte, H., Golik, A. B., Pandiselvam, R., Venkidasamy, B.,
Homayouni, A., & Magsood, S. (2024). Traditional and commercial dairy
products from yak, camel, zebu-brahma, mithun, reindeer and sow: A re-
view on current research status. International Dairy Journal, 152, 105879.

Untergasser, A., Nijveen, H., Rao, X., Bisseling, T., Geurts, R., & Leunissen, J.
A. (2007). Primer3Plus, an enhanced web interface to Primer3. Nucleic
acids research, 35, W71-W74.

Williams, J. L., Hall, S. J., Del Corvo, M., Ballingall, K. T., Colli, L., Ajmone
Marsan, P., & Biscarini, F. (2016). Inbreeding and purging at the genomic
level: the Chillingham cattle reveal extensive, non-random SNP heterozy-
gosity. Animal genetics, 47(1), 19-27.

Wodas, L., Mackowski, M., Borowska, A., Puppel, K., Kuczynska, B., & Cies-
lak, J. (2020). Genes encoding equine f-lactoglobulin (LGB1 and LGB2):
Polymorphism, expression, and impact on milk composition. PloS One,
15(4), €0232066.

Xie, X., Shi, L., Zhong, Z., Wang, Z., Pan, D., Hou, G., & Xiao, Q. (2024).
Danzhou chicken: A unique genetic resource revealed by genome-wide
resequencing data. Poultry Science, 103(8), 103960.

Regulatory Mechanisms in Biosystems, 2025, 16(1), e25018


http://doi.org/10.1002/evan.20267
http://doi.org/10.1002/evan.20267
http://doi.org/10.1002/evan.20267
http://doi.org/10.1007/s10528-021-10153-9
http://doi.org/10.1007/s10528-021-10153-9
http://doi.org/10.1007/s10528-021-10153-9
http://doi.org/10.1186/s12864-015-1638-6
http://doi.org/10.1186/s12864-015-1638-6
http://doi.org/10.1186/s12864-015-1638-6
http://doi.org/10.1186/s12864-015-1638-6
http://doi.org/10.1111/j.1365-2052.2010.02050.x
http://doi.org/10.1111/j.1365-2052.2010.02050.x
http://doi.org/10.1111/j.1365-2052.2010.02050.x
http://doi.org/10.1111/j.1365-2052.2010.02050.x
http://doi.org/10.1111/j.1365-2052.2010.02050.x
http://doi.org/10.3168/jds.2009-2461
http://doi.org/10.3168/jds.2009-2461
http://doi.org/10.3168/jds.2009-2461
http://doi.org/10.1080/1828051x.2021.2011442
http://doi.org/10.1080/1828051x.2021.2011442
http://doi.org/10.1080/1828051x.2021.2011442
http://doi.org/10.1080/1828051x.2021.2011442
http://doi.org/10.1080/1828051x.2021.2011442
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.1093/molbev/msp213
http://doi.org/10.3168/jds.s0022-0302(98)75613-9
http://doi.org/10.3168/jds.s0022-0302(98)75613-9
http://doi.org/10.3168/jds.s0022-0302(04)73319-6
http://doi.org/10.3168/jds.s0022-0302(04)73319-6
http://doi.org/10.3168/jds.s0022-0302(04)73319-6
http://doi.org/10.3168/jds.s0022-0302(04)73319-6
http://doi.org/10.3390/ani13091484
http://doi.org/10.3390/ani13091484
http://doi.org/10.3390/ani13091484
http://doi.org/10.3390/ani13091484
http://doi.org/10.3168/jds.s0022-0302(97)76266-0
http://doi.org/10.3168/jds.s0022-0302(97)76266-0
http://doi.org/10.3168/jds.s0022-0302(97)76266-0
http://doi.org/10.1016/j.aller.2015.01.003
http://doi.org/10.1016/j.aller.2015.01.003
http://doi.org/10.1016/j.aller.2015.01.003
http://doi.org/10.1016/j.aller.2015.01.003
http://doi.org/10.3168/jds.2012-5961
http://doi.org/10.3168/jds.2012-5961
http://doi.org/10.3168/jds.2012-5961
http://doi.org/10.3168/jds.2012-5961
http://doi.org/10.1016/j.clnu.2015.03.023
http://doi.org/10.1016/j.clnu.2015.03.023
http://doi.org/10.1016/j.clnu.2015.03.023
http://doi.org/10.1016/j.clnu.2015.03.023
http://doi.org/10.1111/j.1439-0388.2010.00868.x
http://doi.org/10.1111/j.1439-0388.2010.00868.x
http://doi.org/10.1111/j.1439-0388.2010.00868.x
http://doi.org/10.1111/j.1439-0388.2010.00868.x
http://doi.org/10.1111/j.1439-0388.2010.00868.x
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1038/s41598-018-36444-7
http://doi.org/10.1126/science.2580349
http://doi.org/10.1126/science.2580349
http://doi.org/10.3390/ijms20246318
http://doi.org/10.3390/ijms20246318
http://doi.org/10.3390/ijms20246318
http://doi.org/10.3390/ijms20246318
http://doi.org/10.54910/sabrao2024.56.5.18
http://doi.org/10.54910/sabrao2024.56.5.18
http://doi.org/10.54910/sabrao2024.56.5.18
http://doi.org/10.54910/sabrao2024.56.5.18
http://doi.org.10.15421/022451
http://doi.org.10.15421/022451
http://doi.org.10.15421/022451
http://doi.org.10.15421/022451
http://doi.org/10.1016/j.idairyj.2023.105879
http://doi.org/10.1016/j.idairyj.2023.105879
http://doi.org/10.1016/j.idairyj.2023.105879
http://doi.org/10.1016/j.idairyj.2023.105879
http://doi.org/10.1093/nar/gkm306
http://doi.org/10.1093/nar/gkm306
http://doi.org/10.1093/nar/gkm306
http://doi.org/10.1111/age.12376
http://doi.org/10.1111/age.12376
http://doi.org/10.1111/age.12376
http://doi.org/10.1111/age.12376
http://doi.org/10.1371/journal.pone.0232066
http://doi.org/10.1371/journal.pone.0232066
http://doi.org/10.1371/journal.pone.0232066
http://doi.org/10.1371/journal.pone.0232066
http://doi.org/10.1016/j.psj.2024.103960
http://doi.org/10.1016/j.psj.2024.103960
http://doi.org/10.1016/j.psj.2024.103960


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



