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PAEP gene restriction fragment length polymorphism |

and its effects on milk composition in cross-bred
Hamdani sheep

ABSTRACT

Beta-lactoglobulin (BLG) stands as the primary whey protein in ruminant milk,
synthesized by mammary gland cells during lactation and encoded by the progestagen-
associated endometrial protein (PAEP) gene. This study aimed to assess the impact of
PAEP gene exon Il polymorphism on milk composition traits in cross-bred Hamdani
sheep. Sheep were examined for clinical diseases and mastitis. Milk and blood samples
were only collected from healthy ewes. The composition and physical properties of milk
were analyzed using milk autoanalyzer. The PAEP gene exon Il region's 452 bp PCR
products were subjected to restriction fragment length polymorphism (RFLP) analysis
using the Rsal restriction enzyme. Two genotypes, AA and AB, were identified for the
PAEP gene exon Il region, with A and B allele frequencies of 0.7 and 0.3, respectively.
Statistical analysis, conducted with Minitab® (Version: 19.2020.2.0), revealed that the
AA genotype is associated with a higher milk fat percentage (p<0.05). However, no
significant genotype effect was observed for other milk composition traits in cross-bred
Hamdani sheep. These results suggest that PAEP genotypes could serve as valuable
indicators for enhancing milk composition in cross-bred Hamdani sheep through
breeding programs.
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NTRODUCTION

Sheep milk serves as a significant source of income for rural

breeders worldwide. In comparison to cow milk, sheep milk

boasts superior nutritional value, with higher fat and protein
content crucial for milk products (Wendorff and Haenlein, 2017). Several
factors, including lactation stage, management, diseases, and genetic
factors, can influence milk production and composition in sheep (Koca
et al., 2023; Komprej et al., 2012). The primary components of sheep
milk include fat, protein, lactose, and minerals. Numerous studies
indicate a strong correlation between milk composition and gene
polymorphism in sheep, revealing various genetic variants on milk-
related genes (Kusza et al., 2018; Ozmen and Kul, 2016; Selvaggi et al.,
2014; Yousefi et al., 2013).

Beta-lactoglobulin (BLG), the primary whey protein in ruminant milk,
is produced by mammary gland secretory cells during lactation and is
encoded by the progestagen-associated endometrial protein (PAEP) gene
located on chromosome 3, consisting of seven protein-coding exons
(Feligini et al., 1998). Polymorphic PAEP variants' effects on milk
composition have been reported in different sheep breeds, including the
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A, B, and C variants (Kusza et al.,, 2018;
Rustempasic et al., 2018). The genetic variations A
and B show a disparity in amino acid position 20,
with variant A featuring a histidine instead of
threonine found in variant B (Kolde et al., 1983;
Anton et al., 1999). Additionally, variant C, a
subtype of variant A, involves a sole amino acid
substitution, changing arginine to glutamic acid at
position 148 (Erhardt, 1989; Anton et al., 1999).
While A and B variants are prevalent across all
breeds, the C variant is a rare allele specifically
identified in the Merino breed (Kusza et al., 2018).
Notably, the A variant of PAEP is linked to fat and
protein, whereas the B variant shows an
association with increased milk yield (Selvaggi et
al., 2014).

The sheep industry plays a crucial role in
Tiirkiye, contributing significantly to animal
products. According to recent data, sheep milk
production reached 1.067 million tonnes in 2022,
positioning Tiirkiye as a leading country in sheep
milk production (TUIK, 2022). However, limited
use of artificial insemination and milking record
systems due to traditional breeding practices
restricts genetic improvements in sheep milk traits.
These limitations underscore the importance of
DNA markers influencing milk traits in sheep
(Staiger et al., 2010). Cross-bred Hamdani sheep,
primarily bred in the Siirt region and its
surroundings, exhibit higher fat content compared
to other sheep breeds in Tiirkiye (Turgut et al.,
2023). This study aims to identify PAEP gene exon
Il polymorphisms and their associations with milk
composition traits in cross-bred Hamdani sheep
raised in the Southeastern Anatolia Region of
Tiirkiye.

MATERIALS AND METHODS
Animals and sample collection

In the study, a total of 96 cross-bred Hamdani ewes
were used. Animals were fed on pasture and 250 g
of barley and 400 g of hay were added to their
rations. Blood samples were taken from the vena
jugularis in 9 mL KsEDTA-containing tubes (BD
Vacutainer®, Becton Dickinson, Tiirkiye). Blood

samples were mixed slightly and stored at -20°C
until further examination. Milk samples were
collected in sterile 50 mL falcon tubes and
transferred to the lab on the ice blocks
immediately. Milk samples were collected before
the morning and evening milking routine. Sheep
were examined for clinical diseases, clinical and
subclinical mastitis. And samples were only
collected from healthy ewes at 2-3 ages during the
spring season. Body condition scores (BCS) of
ewes were between 2.75-3. BCS was evaluated
according to Russel et al. (1969). All animals were
25-40 days of lactation that represents early
lactation stage.

Milk composition analysis

The milk samples underwent analysis using an
ultrasonic milk analyzer, specifically the
Lactoscan® SA Milk Analyzer (Milkotronic Ltd,
Nova Zagora, Bulgaria). The device was
calibrated for sheep milk. For each analysis, a
total of 15 mL of milk sample was employed, and
various parameters were recorded, including milk
fat (%), solids-not-fat (SNF) (%), milk protein
(%), lactose (%), pH, salt (%), and density
(kg/m?3). To ensure the accuracy of the results, the
outputs of the milk autoanalyzer were subjected
to verification using methods outlined by the
Association of Official Analytical Chemists
(AOAC). The AOAC Official Method 925.23
was employed for determining total solids in
milk. Protein percentage was ascertained using
the AOAC official method, known as Kjeldahl's
method (Barbano et al., 1990). The fat percentage
was assessed using the Gerber method (Kleyn et
al.,, 2001). This dual verification approach,
involving both the autoanalyzer and AOAC
methods, ensured the reliability and accuracy of
the milk composition data. Then, the data
obtained from the milk autoanalyzer were utilized
for subsequent statistical analyses.

DNA extraction and DNA quality control

Genomic DNA was extracted from blood using
a genomic DNA isolation kit (Hibrigen, Hydra
Biotechnology, Tirkiye) according to the
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manufacturer’s instruction. The purification and
quantity of genomic DNA were evaluated
according to optical density at 260/280 nm on a
spectrophotometer ~ (Allsheng,  Hangzhou,
China). DNA integrity was evaluated on %0.8
agarose gel electrophoresis.

Table 1. Primers and PCR product size

Region

Primers (5°23°)

VetBio, 2024, 9(1), 35-41

Polymerase chain reaction (PCR)

PCR reactions were carried out in 25 pL of total
volume; 50-100 ng genomic DNA, 12.5 mL PCR
2X Taq Master Mix (Hibrigen, Hydra
Biotechnology, Tiirkiye), 5 pmol of each primer,
and water up to 25 pL. The primer pairs are
presented in Table 1.

Product size
References

PAEP Exon Il

PCR conditions were as follows; initial
denaturation at 95°C for 4 min, followed by 35
cycles of denaturation at 94°C for 30 sec,
annealing at 62.2°C for 30 sec, extension at 72°C
for 30 sec and a final extension at 72°C for 7 min
on Kyratec SC300G thermal cycler (Kyratec,
Queensland, Australia). Following the reaction,
452 bp PCR products of the PAEP gene were
visualized in %2 agarose gel stained with SYBR
Safe (Hibrigen, Hydra Biotechnology, Tiirkiye)
under UV light (Figure 1).

Figure 1. Results of PCR reactions. Line 1-10: 452 bp
PCR products of the PAEP gene. M: 100 bp marker.

Genotyping

PAEP genotypes were identified using the
restriction fragment length  polymorphism
(RFLP) method. RFLP reaction was carried out
for 15 min at 37 °C in 50 pL of total volume; 1
pg PCR product, 10 units Rsal restriction
enzyme (NEB, UK), 5 pL 10X rCutSmart buffer
(NEB, UK), and water up to 50 pL. Then
fragments were analyzed in 4% agarose gel
stained with SYBR Safe (Hibrigen, Hydra

F: TTGGGTTCAGTGTGAGTCTGG
R: AAAAGCCCTGGGTGGGCAGC

452 Eignatev, (1998)

Biotechnology, Tiirkiye) under UV light and
PAEP genotypes were identified.

Statistical Analysis

Statistical analysis was carried out using
Minitab® (Version: 19.2020.2.0, Minitab Inc.,
State College, PA, USA). Allel and genotype
frequencies were calculated using Falconer and
Mackay (1996) model. The chi-square test was
used to evaluate Hardy-Weinberg Equilibrium
(HWE) of alleles. Anderson-Darling normality
test was applied. Due to normal distribution of
the data, independent sample t-test was
performed to detect the effects of PAEP
genotypes on milk composition. The statistical
significance level was defined as 0.05.

RESULTS
Allel and genotypes

Following RFLP, allele discrimination was
carried out according to fragment size. In cross-
bred Hamdani sheep only AA (175, 170, 66, and
41 bp) and AB (236, 175, 170, 66, and 41 bp)
genotypes were identified (Figure 2). Allele and
genotype frequencies are present in Table 2.
Genotype frequencies for AA and AB were
0.403 and 0.597 respectively. Regarding
genotypes, A allele frequency (0.7) was higher
than B allel frequency (0.3). Allel distribution of
PAEP was not in HWE (p<0.05).
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Table 2. Allel and genotype frequencies of PAEP gene

Allele Frequency Genotypes (Observed)

n A allele B allele AA
96 0.7 0.3 38
Ho: Observed heterozygosity, He: Expected heterozygosity

PAEP

M AB AB AA AB AB AB AA AB AA AB

Figure 2. Rsal restriction fragments of 452 bp PCR
products of PAEP gene. AA and AB genotypes. M: 100 bp
DNA marker

AB
58 -

BB Ho He
0.597 0.421

p-value
0.005

The effects of PAEP genotypes on milk
composition

The effects of AA and AB genotypes on milk
composition traits are summarized in Table 3.
Milk fat content (%) was higher in the AA
genotype than in the AB genotype (p<0.05).
However, there were no significant differences
in protein (%), lactose (%), SNF (%), salt (%),
pH, and density between AA and AB genotypes.

Table 3. The effects of PAEP gene AA and AB genotypes on milk composition (Mean+SE).

PAEP Genotype

AA
Fat (%) 7.81+0.27
Protein (%) 4.18 £0.06
Lactose (%) 3.94+0.06
SNF (%) 8.78 £0.14
pH 6.86 + 0.03
Density (kg/m®) 1.0281+ 0.0006
Salt (%) 0.62+0.12

SE: Standard error, SNF: Solids-non-fat
DISCUSSION

In this study, AA and AB genotypes were
identified in the PAEP gene exon Il region of
cross-bred Hamdani sheep. The A allele
frequency (0.7) of the PAEP gene was greater
than the B allele frequency (0.3). Similarly,
Ozmen and Kul (2016) detected only AA and
AB genotypes in Sakiz sheep. Moreover, A allele
frequency of the PAEP gene were higher than B
allele frequency in Sakiz, Akkaraman, and
Awassi sheep, consistent with the data presented
in our study (Ozmen and Kul, 2016).
Comparable results were observed in various
sheep breeds, including Egyptian (Othman et al.,
2015), Latvian Darkhead (Stambekov et al.,
1997), Polish (Kawecka and Radko, 2011),
Racka (Barayni et al., 2010), Karagouniko
(Triantaphyllopoulus et al., 2017), and Sora

AB BB p-value
7.07£0.17 0.023
4.14£0.04 - >0.05
3.90£0.04 >0.05
8.72+0.10 - >0.05
6.93+£0.07 >0.05

1.0283 + 0.0004 - >0.05
0.62+£0.01 >0.05

(Pokic¢ et al., 2019) and Hamdani (Bayraktar and
Shoshin, 2021) sheep breeds. However, Yousefi
et al. (2013) reported a contrasting observation,
noting that the B allele frequency of the PAEP
gene exon Il was greater than the A allele
frequency in Zel sheep. Additionally, studies by
Mohammadi et al. (2006), Mele et al. (2007),
Dario et al. (2008), Michalcova and Krupova
(2009), Corral et al. (2010), and Barayni et al.
(2010) reported higher B allele frequencies than
A allele frequencies in different sheep breeds.
Conversely, Kusza et al. (2018) highlighted
variations in A and B allele distribution of the
PAEP gene in diverse sheep breeds reared in
Eastern Europe.

Statistical analysis uncovered a significant
association between the AA genotype of the
PAEP gene and a higher fat percentage in cross-
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bred Hamdani sheep. In line with our findings,
Ozmen and Kul (2016) reported higher milk fat
percentages in AA genotypes compared to AB
genotypes. In addition, Bayraktar and Shoshin,
(2021) reported that milk fat percentage was
higher in AA and AB genotypes compared to BB
genotype while milk lactose percentage was
higher in BB genotype. Fadhil and Dakheel
(2022) also observed higher milk fat percentages
in the AA genotype compared to the BB
genotype. Conversely, Yousefi et al. (2013)
noted that ewes with AB genotypes exhibited
higher milk fat and lactose percentages in
indigenous Zel sheep compared to ewes with the
AA genotype. Giambra et al. (2014) similarly
found that AB genotypes were associated with
fat and lactose percentages in East Frisian dairy
sheep.

No significant relationships were observed
between PAEP genotypes and other milk
composition traits in cross-bred Hamdani sheep,
consistent with findings in other studies
(Kawecka and Radko, 2011; Michalcova and
Krupova, 2009; Sumantri et al., 2008). However,
Triantaphyllopoulus et al. (2015) reported that
AB and BB genotypes were linked to milk
lactose and somatic cell score in Karagouniko
sheep. Similarly, Fadhil and Dakheel (2022)
noted higher milk lactose percentages in AB and
BB genotypes compared to the AA genotype in
Awassi sheep.

CONCLUSION

In summary, this study identified only AA and
AB genotypes in the PAEP gene exon Il region
in cross-bred Hamdani sheep, with a higher A
allele frequency. The AA genotype exhibited an
association with milk fat percentage, while no
such association was observed with other milk
composition  traits.  Consequently, PAEP
genotypes hold promise for enhancing milk
composition in cross-bred Hamdani sheep
through breeding programs.
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