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Abstract

Background and Aim: Milk production is an important factor to consider in selecting Awassi sheep. This trait is influenced
by various genes that can be managed to boost production. The breeding values (BVs) for milk production in Jordan’s
Awassi sheep flocks have been established. This study determined how combined gene variants of BLG, PRL, CSN3,
CSN1S1, and CSN2 affect the estimated BVs (EBVs) for milk production in Awassi sheep.

Materials and Methods: Milk and blood samples were collected from 391 Awassi sheep, which was then subjected to molecular
analysis through sequencing in order to identify potential alleles and genotypes that could be linked to the EBVs of milk.

Results: The predicted BVs for milk were significantly influenced by PRL and CSN3 gene variants. Through performing
the act of epistasis, the interactions of BLG with CSN3 and —~CSNIS! greatly impacted EBVs for milk production. Likewise,
the three-way interaction among PRL, CSN3, and CSNI1S1, as well as the combined effect of CSN3 with CSN1S! and CNS!
significantly improved BVs for milk production. When the breeding selection program incorporates the polymorphisms of
these genes, gains in milk production can be obtained.

Conclusion: Alleles within the examined genomic areas are crucial for evaluating BVs and maximizing genetic gain in milk

production.
Keywords: Awassi sheep, breeding value, milk production.
Introduction

In Jordan and the Middle East, Awassi sheep
are highly valued for their high-quality milk and
meat, as well as their relatively low survival and pro-
duction requirements [1, 2]. Nearly 6 billion people
consume milk and milk products for their high nutri-
tional value [3]. The colloidal and suspended com-
ponents of milk determine its quality. Many people
prefer sheep’s milk due to its higher protein and fat
contents compared with milk from other species [4].
Sheep’s milk is also a natural source of probiotics,
and k-casein (CSN3) has shown potential as a natural
antioxidant [5]. However, using synthetic antioxidants
has a level of toxicity that can be avoided by natu-
ral antioxidants such as o, 3, and CSN3 caseins [6].
Instead of using antihypertensive medications with
numerous adverse effects, B-casein has shown poten-
tial in blocking the angiotensin-converting enzyme
responsible for raising blood pressure. Such inhibi-
tory activities have resulted in a significant demand
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for B-casein due to their high safety profile [7].
Nutrition, weather, animal health, and genetic poten-
tial are just some variables affecting milk production
and quality [8, 9]. Estimated breeding values (EBVs)
for such traits are crucial because several genes influ-
ence milk and its components [10, 11]. The productiv-
ity of indigenous breeds should be increased through
genetic and environmental methods to promote global
food security. This endeavor would help emerging
countries that are currently struggling to meet increas-
ing milk demand due to poor milk production from
their local breeds [12, 13].

Many genes affect milk production in sheep and
play an important role in enhancing or diminishing
productivity. CSNIS1, CSN2, CSN3, BLG, and PRL
affect milk quality and quantity and are among the
genes that can modify milk production features. For
instance, CSN3 is essential for the stability of casein,
which is the most abundant milk protein [14, 15]. BLG
is the most prevalent protein in whey and is polymor-
phic in sheep. Polymorphisms affect the components
of sheep’s milk [14, 16]. PRL directly impacts the
quantity of milk by inducing mammary epithelial
cell (MEC) proliferation, which, in turn, increases
milk productivity [17, 18]. However, selecting ani-
mals with higher milk yield is challenging, consider-
ing the different genes affecting milk production and
their interactions [19, 20].Therefore, determining the
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relationship between EBVs and certain genes in sheep
may significantly facilitate the selection process,
avoiding the need to wait for generations of progeny
before making selection decisions.

This study investigated the relationship between
the EBVs for milk production in Awassi sheep and
BLG, PRL, CSN3, CSN1S1, and CSN2 variants, spe-
cifically the effects on the EBVs of the individual
genes and their interactions.

Materials and Methods

Ethical approval

All experimental protocols involving ani-
mals were approved by the Animal Care and Use
Committee, (approval Number 36/12/4/16) Jordan
University of Science and Technology.

Sample collection and analysis

Full milk records and blood samples of 391
Awassi ewes were collected for analysis. The proce-
dures, protocols, and field work location and period
were as described by Jawasreh et al. [14].

Estimation of BVs and amplification of genomic DNA

We performed quantitative genetic analysis to
generate EBVs, as described previously by Jawasreh
et al. [10], In a nutshell, the mixed model used in the
ASreml program’s Individual Animal Model was used
to estimate phenotypic and genetic parameters, includ-
ing estimated breeding values (EBVs).We performed
DNA extraction, amplification procedure sequencing,
and mutation detection using the protocols proposed
by Jawasreh et al. [14, 21].

Statistical analysis

Statistical analysis was performed to analyze
the effects of the genotypes identified on EBVs using
SAS/STAT® software (version 9.1, SAS Institute Inc.,
Cary, NC, USA). We performed the general linear
model procedure using the five genotypes and their
possible interactions in the statistical model used.

Results

Estimated breeding values and gene combinations
The effects of individual and combined genes on
EBVs for milk production in Awassi sheep are shown
in Table-1. PRL and CSN3 significantly affected the
EBVs of milk production (p < 0.05). However, the
interaction between the different genes (BLG/SN3,
BLG/CSN1S1, PRL/CSN2, PRL/CSN3, CSN3/CSN1S1,
and CSNISI/CNS2) substantially altered the EBVs
(p < 0.05). However, EBVs did not differ between the
other combination pairs of genes (p > 0.05). The means
and standard errors of the least squares for the effects
of single and combined genotypes on EBVs for milk
production were calculated. As indicated in Figure-1la,
the PRL polymorphism, specifically, the BB genotype,
had a significant effect on the EBVs for milk produc-
tion (19.0 £ 7.0, p < 0.01), followed by the AA and AB
genotypes (9.3 +£3.1,-9.2 + 6.6, respectively, p < 0.05).
For CSN3, the TT genotype had the most significant

Table-1: p-values of the EBVs for milk production as
affected by single and combined genes BLG, PRL, CSN3,
CSN1S1, and CSN2 in Awassi sheep.

Gene p-value of EBVs
BLG 0.954
PRL 0.0078
CSN3 <0.0001
CSN1S1 0.959
CSN2 0.388
BLG x PRL 0.547
BLG x CSN3 0.051
BLG x CSN1S51 0.035
BLG x CSN2 0.195
PRL x CSN1S1 0.852
PRL x CSN2 0.021
PRL x CSN3 0.041
CSN3 x CSN1S1 <0.0001
CSN1S1 x CNS2 0.006
PRL x CSN3 x CSN1S1 0.014
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Figure-1: (a) Estimated breeding values for single

effect of PRL on milk production in Awassi sheep. Vertical
bars represent the mean *+ SE of triplicates, and values
with different superscripts are significantly different
(p < 0.05). (b) Estimated breeding value for single effect
of CSN3 on milk production in Awassi sheep. Vertical bars
represent the mean = SE of triplicates, and values with
different superscripts are significantly different (p < 0.05).
SE=Standard error.

Veterinary World, EISSN: 2231-0916

2412



Available at www.veterinaryworld.org/Vol.16/December-2023/3.pdf

impact on BV (Figure-1b), followed by the TC geno-  are presented in Figure-3. The BB|TT|TC genotype
types (p <0.05). The results for the investigation onthe ~ showed the most significant effect on milk production
combined influence of the BLG, PRL, CSN3, CSN1S1, = EBVs above all genotypes (p < 0.01).

and CSN2 genotypes on EBVs for milk production are
shown in Figures-2a—f. The interaction between BLG
and CSNISI had a significant impact on the EBVs, Milk production is a crucial criterion in the selec-
with the AB|TC genotypes resulting in the highest  tion for dairy sheep. Milk production involves several
average EBVs (p < 0.05) compared with those of the ~ genetic factors that can influence milk quantity and
BB genotype with the TC, AA|TC, and AB|TT interac-  quality. The complexity of genotyping and defining an
tions (Figure-2a). Furthermore, the interaction between  effective parameter can affect BVs for milk produc-
the AB|TT and BBJ|TT genotypes of BLG and CSN3  tion in sheep [22]. Estimating BVs for Awassi sheep
yielded the highest EBVs among all the gene combina- by acquiring their genetic profiles is considered highly
tions (Figure-2b). The most common genotype for the  effective [23]. To the best of our knowledge, this is the
interaction between PRL and CSN2 was BB|AG, with  first investigation of BLG, PRL, CSN3, CSN1S1, and
a least squares mean of 39.24 (p < 0.05) (Figure-2¢). =~ CSN2 interactions in Awassi sheep. The phrase “dif-
PRL x CSN3 yielded the highest BVs (p <0.05) among ~ ference in breeding values (EBVs) between genes”
all combined genes, specifically the BB x TT genotype  refers to the various ways in which genes might
(Figure-2d). The TC|AG genotype from the interac-  express themselves in relation to a breed and a variety
tion between CSNISI and CSN2 produced the high-  of environmental circumstances [24].

est EBVs (Figure-2e). The TT|TC genotype resulting Researchers worldwide have investigated dif-
from the combined group of CSN3 and CSNIS1 hadthe  ferent potential genes that substantially impact milk
highest EBVs among all combined genes (Figure-2f).  production in sheep [14, 19, 20, 21]. These genes
The EBVs for milk production for the interactions  include CSN3, CSNISI, CSN2, BLG, and PRL.
among PRL, CSN3, and CSN1S1 and their genotypes = CSN3 plays a critical role in micelle production and

Discussion
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Figure-2: (a) Estimated breeding values for combined effect of BLG and CSN1S1 on milk production in Awassi sheep.
Vertical bars represent the mean £ SE of triplicates, and values with different superscripts are significantly different
(p < 0.05). (b) Estimated breeding value for combined effect of BLG and CSN3 on milk production in Awassi sheep. Vertical
bars represent the mean £ SE of triplicates, and values with different superscripts are significantly different (p < 0.05).
(c) Estimated breeding value for combined effect of PRL and CSN2 on milk production in Awassi sheep. Vertical bars represent
the mean = SE of triplicates, and values with different superscripts are significantly different (p < 0.05). (d) Estimated
breeding value for combined effect of PRL and CSN3 on milk production in Awassi sheep. Vertical bars represent the mean
+ SE of triplicates, and values with different superscripts are significantly different (p < 0.05). (e) Estimated breeding
value for combined effect of CSN1S1 and CSN2 on milk production in Awassi sheep. Vertical bars represent the mean %=
SE of triplicates, and values with different superscripts are significantly different (p < 0.05). (f) Estimated breeding value
for combined effect of CSN3 and CSN1S1 on milk production in Awassi sheep. Vertical bars represent the mean + SE of
triplicates, and values with different superscripts are significantly different (p < 0.05). SE=Standard error.
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Figure-3: Estimated breeding values for combined effect of PRL, CSN3, and CSN1S1 on milk production in Awassi sheep.
Vertical bars represent the mean = SE of triplicates, and values with different superscripts are significantly different

(p < 0.05). SE=Standard error.

stabilization [25], which affects the production char-
acteristics and digestibility of milk. However, the
association between these markers and milk yield and
composition in dairy sheep has not been thoroughly
described in the literature.

As shown in Figure-1b, the CSN3 genotypes had
the biggest impact on the EBVs for milk production,
with the TT genotype obtaining the highest EBVs.
However, according to Jawasreh et al. [14] and Gras
et al. [26], the CSN3 genotypes have no appreciable
impact on the quantity and quality of milk produced
by the Awassi and Teleorman Black Head breeds.
Thus, to increase milk production, assessing pheno-
typic data along with molecular data is crucial for
modern breeding programs for dairy sheep [27].

Conversely, PRL directly affects milk produc-
tion by stimulating the growth of MECs [28]. The
current analysis on the impacts of the PRL geno-
types on milk production EBVs revealed that the BB
genotype yielded the highest EBVs (Figure-1a), fol-
lowed by the AA and AB genotypes (p < 0.05). This
outcome conflicts with several previously reported
findings [14, 26, 27] that claimed significant superi-
ority in milk output of the AA genotype. According to
our investigation, the interactions of the BLG|CSN3,
BLG|CSN1S1, PRL|ICSN2, PRL|CSN3, CSN2|CSN1S1,
and PRL|CSN2|CSNISI genotypes significantly
impacted the EBVs of milk production in Awassi sheep
(Figures-2a-e and-3). Similarly, Jawasreh et al. [14]
and Al-Amareen and Jawasreh [21] both reported a
significant effect of the BLG|PRL and CSNISI|CSN2
genotypes on milk production in Awassi sheep.

The effects of combined genotypes on EBVs for
milk production revealed in this study are an intriguing
demonstration of the significant impact of genotype
combinations and gene interactions on quantitative
traits [29].

Identifying the genes that affect milk production
provides a definite advantage in improving BV for milk
production. Furthermore, establishing the relationship
between allelic variations and gene interactions can be a
useful strategy for assessing BVs. Therefore, accurately
determining genotype diversity can produce the greatest
impact on BVs within a short generation period [30].

Conclusion

The findings of this study demonstrate the
importance of determining the impacts of BLG, PRL,
CSN3, CSN1S1, and CSN2 and their interactions on
milk production EBVs. The interaction between PRL
x CSN3 x CSN1S1 yielded the highest EBVs for milk
production. Thus, considering these genes during
breed selection signifies great potential for produc-
ing sheep with higher milk yields. Conversely, BLG x
CSNI1S1 showed the lowest combined effect on milk
production. Our study proves that gene variations and
their interactions should be considered when creating
selection programs for the quantitative genetic model
used to determine BVs for significant gains in milk
production.

Authors’ Contributions

KIJ and AHA: Conceptualization and meth-
odology, validation, formal analysis, investigation,
resources, data collection, and drafted and revised the
manuscript. Both authors have read, reviewed, and
approved the final manuscript.

Acknowledgments

The authors are thankful to Deanship of Research
at Jordan University of Science and Technology
(JUST) and the Livestock and Range Land Research
Directorate of the National Agricultural Research
Center (NARC) staff for providing the necessary
facilities for this study.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Li, R., Ma, Y. and Jiang, L. (2022) Review: Research prog-
ress of dairy sheep milk genes. Agriculture, 12(2): 169.

2. Al-Thuwaini, T.M. and Al-Hadi, A.B.A. (2022) Association
of lamb sex with body measurements in single and twin on
the Awassi ewes. Adv. Anim. Vet. Sci., 10(8): 1849—-1853.

Veterinary World, EISSN: 2231-0916

2414



Available at www.veterinaryworld.org/Vol.16/December-2023/3.pdf

10.

11.

12.

13.

14.

15.

16.

Giil, S., Keskin, M., Biger, O., Giindiiz, Z. and Behrem, S. 17.  Suleymanova, M., Rizayeva, D. and Khuseinova, M. (2023)
(2020) Effects of different lambing season on some repro- Genetic testing of sheep for prolactin (PRL) gene. Int. J.
ductive characteristics of ewes and growth performance of Biol. Eng. Agric., 2(6): 74-78.
lambs in Awassi sheep. Livest. Stud., 60(1): 32-36. 18.  Bobokulovich, B.A. and Kasimovna, S.M. (2021) Dairy
Xu, S.S. and Li, M.H. (2017) Recent advances in under- productivity of sheep of different genotypes. Eur. J. Agric.
standing genetic variants associated with economi- Rural Educ., 2(6): 17-19.
cally important traits in sheep (Ovis aries) revealed by 19. Stoykova-Grigorova, = R.,  Bozhilova-Sakova, M.,
high-throughput screening technologies. Front. Agric. Sci. Ivanova, T., Ignatova, M. and Dimitrova, 1. (2022) Milk
Eng., 4(3): 279-288. production in sheep-genetic basis and phenotype character-
Khan, 1. T., Bule, M., Ullah, R., Nadeem, M., Asif, S. and istics. Bulg. J. Anim. Husbandry, 59(2): 23-33.
Niaz, K. (2019) The antioxidant components of milk and 20. Rezvannejad, E., Nanaei, H.A. and Esmailizadeh, A. (2022)
their role in processing, ripening, and storage: Functional Detection of candidate genes affecting milk production
food. Vet. World., 12(1): 12-33. traits in sheep using whole-genome sequencing analysis.
Khan, I. T., Nadeem, M., Imran, M., Ullah, R., Ajmal, M. Vet. Med. Sci., 8(3): 1197-1204.
and Jaspal, M. H (2019) Antioxidant properties of Milk 21.  Al-Amareen, A.H. and Jawasreh, K.I. (2022) Single and
and dairy products: A comprehensive review of the current combined effects of CSN1S1 and CSN2-casein genes on
knowledge. Lipids. Health. Dis., 18(41): 1-13. Awassi sheep milk quantity and quality. Ver. World., 15(2):
Balthazar, C.F., Pimentel, T.C., Ferrdo, L.L., 435-441.
Almada, C.N., Santillo, A., Albenzio, M., Mollakhalili, N., 22. Hilali, M., Rischkowsky, B., Iniguez, L., Mayer, H. and
Mortazavian, A.M., Nascimento, J.S., Silva, M.C., Schreiner, M. (2018) Changes in the milk fatty acid profile of
Freitas, M.Q., Sant’Ana, A.S., Granato, D. and Cruz, A.G. Awassi sheep in response to supplementation with agro-in-
(2017) Sheep milk: Physicochemical characteristics and rel- dustrial by-products. Small Rumin. Res., 166: 93—100.
evance for functional food development. Compr. Rev. Food 23.  Senkal, R. H., Mnati, A. A. and Hamed, M. K. (2021)
Sci. Food Saf., 16(2): 247-262. Estimation of genetic variation and breeding value and the
Al-Qasimi, R.H., Abbas, S.M. and Al-Khauzai, A.L.D. effect of allele substitution of growth trait in iraqi awassi
(2020) Effect of breed and some non-genetic factors on sheep depending on growth hormone gene polymorphism.
milk production and some proportions of its chemical com- Plant Archives, 21(1): 43-45.
ponents in two breeds of local sheep. Al-Qadisiyah J. Agric. 24.  Morammazi, S., Masoudi, A.A., Torshizi, R.V. and
Sci., 10(1): 227-231. Pakdel, A. (2016) Differential expression of the alpha
AL-Jaryan, I.L., AL-Thuwaini, T.M., Merzah, L.H. and S1 casein and beta-lactoglobulin genes in different physio-
Alkhammas, A.H. (2023) Reproductive physiology and logical stages of the Adani goats mammary glands. /ran. J.
advanced technologies in sheep reproduction. Rev. Agric. Biotechnol., 14(4): 278-285.
Sci., 11: 171-180. 25. Barbosa,S.B.P.,Aral'ljo,f.I.M.D.,Martins,M.F.,Silva,E.C,D.,
Jawasreh, K.I., Haddad, N., Lubad, A.A. and Al-Amareen, A. Jacopini, L.A., Batista, A.M.V. and Silva, M.V.B.D. (2019)
(2022) Genome-wide association study for milk production Genetic association of variations in the kappa-casein and
of Awassi sheep in Jordan. J. Saudi Soc. Agric. Sci., 21(5): B-lactoglobulin genes with milk traits in Girolando cattle.
302-3009. Rev. Bras. Saud. Prod. Anim. Salvador, 20: 1-12.
Abdel-Lattif, F.H. (2023) Study of some genetic markers 26. Gras, M.A., Pistol, G.C., Pelmus, R.S., Lazar, C., Grosu, H.
and its association with performance parameters of Iraqi and Ghita E. (2016) Relationship between gene polymor-
Awassi sheep. Cent. Asian J. Med. Nat. Sci., 4(3): 548-557. phism and milk production traits in Teleorman black head
Ajafar, M.H., Kadhim, A.H. and AL-Thuwaini, T.M. (2022) sheep breed. Rev. MVZ Cordoba, 21(1): 5124-5136.
The reproductive traits of sheep and their influencing fac- 27.  Staiger, E.A., Thonney, M.L., Buchanan, J.W., Rogers, E.R.,
tors. Rev. Agric. Sci., 10: 82—89. Oltenacu, P.A. and Mateescu, R.G. (2010) Effect of pro-
Al-Jumaili, W.S., Kadhim, A.H. and Al-Thuwaini, T.M. lactin, beta-lactoglobulin, and kappa-casein genotype on
(2023) Polymorphism of the ADIPOQ gene and its associa- milk yield in East Friesian sheep. J. Dairy Sci., 93(4):
tion with productive traits in Awassi Ewes. Mol. Biol. Rep., 1736-1742.
50(1): 913-917. 28. Misztal, T., Molik, E., Nowakowski, M. and Marciniak, E.
Jawasreh, K., Amareen, A.A. and Aad, @019) Effecand (2018) Milk yield, lactation parameters and prolactin secre-
interaction of B-lactoglobulin, kappa casein, and pro-lactin tion characteristics in sheep treated with melatonin implants
genes on milk production and composition of Awassi during pregnancy and lactation in long-day conditions.
Sheep. Animals, 9(6): 382. Livest. Sci., 218: 58—-64.
Rashaydeh, ES., Sholi, N. and Al-Atiyat, R.M. (2020) 29. Zheng, X., Ju, Z., Wang, J., Li, Q., Huang, J., Zhang, A.,
Genetic polymorphisms of milk genes (B-lactoglobulin and Zhong, J. and Wang, C. (2011) Single nucleotide polymor-
K-casein) in indigenous Awassi and improved Awassi sheep phisms, haplotypes and combined genotypes of LAP3 gene
of Palestine. Livest. Res. Rural Dev., 32(5). in bovine and their association with milk production traits.
Wodas, L., Mackowski, M., Borowska, A., Puppel, K., Mol. Biol. Rep., 38(6): 4053—40061.
Kuczynska, B. and Cieslak, J. (2020) Genes encoding 30. Al-Anbari, N.N., Azzawi, M.S., Senkal, R.H., Dawood, W.S.
equine f-lactoglobulin (LGB1 and LGB2): Polymorphism, and Hamad, R.A. (2018) Estimation of genetic variance
expression, and impact on milk compositio2LoS One using data of prolactin gene in Turkish Awassi sheep. J.
15(4): €0232066. Entomol. Zool. Stud., 6(2): 727-729.

seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

2415





