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Abstract

The objective of this study was to test the association of variation in a 356 bp region in exon 1 of
the caprine leptin gene with milk production traits (milk yield (MY), milk fat content (FAT), milk
protein content (PRO), milk lactose content (LAC), milk solid not fat content (SNF), pH and
somatic cell count (SCC)) in 106 Barki does using polymerase chain reaction-single strand
conformational polymorphism (PCR-SSCP). General linear model was used to test association
between the variation in leptin and milk-production traits. The SSCP banding patterns for leptin
revealed two variants (L1 and L2), which contained two nucleotide sequence difference
(c.670528A/G and ¢.670639T/C). The c. 670528A/G substitution results in the substitution of
valine with alanine and ¢.670639T/C results in the substitution of arginine with histidine.
Association analysis between the variation in leptin with milk production traits revealed that leptin
genotype was associated (P < 0.05) with PRO and highly (P < 0.001) associated with MY. The
presence of the L1 variant in the doe genotype was significantly associated with lower MY (P <
0.01) and decreased PRO (P < 0.01), whereas, the presence of the L2 variant in the doe genotype
was significantly associated with higher MY (P < 0.05). The detected leptin variants showed
significant (P < 0.05) additive effect on pH and highly significant (P < 0.01) dominance effects on
MY and PRO. This suggests that selection for the leptin genotypes might increase milk production

and milk protein content in Barki goats.
Keywords: Leptin, milk production traits, Barki goats.
Introduction encode for

protein products, which cause

At the rural community, goats play an important
role in the food chain and overall livelihoods of
the poor Bedouins. The Barki goats breed is one
of the main goat breeds in Egypt, and it is well
adapted to the harsh desert conditions in the
Mediterranean zone. Milk production traits
have an important role regarding the supply of
milk  products for human consumption.
Improving the productivity of goat milk is very
important to decrease the gap of milk products
and create an increase in the income of
Bedouins who have most of goat flocks in

Egypt.

There are two ways of selection for
economically important traits like milk yield
and milk traits. The first is conventional
selection, which has shown slow genetic
progress, especially for species with long
generation intervals. The second is selection
based on polymorphisms for specific genes that

variation of desired traits.

Leptin is a hormone secreted by adipocytes and
contributes in the control of energy balance. It
affects the regulation of food intake, energy
expenditure, fertility, milk production and
immune functions (Blache et al., 2000; Liefers
et al., 2002; Chilliard et al., 2005; Nkrumah
et al., 2005; Singh et al., 2019). Circulating
leptin concentrations reflect in part the amount
of adipose tissue in ruminants body (Chilliard
et al., 2001).

The role of leptin in milk synthesis was
approved by the failure of milk production in
the ob/ob female mouse after normal delivery
(Moschos et al. 2002). During pregnancy, the
level of leptin was increased in the dam when
mammary epithelial cell proliferation was
initiated (Moschos et al. 2002). This evidence
confirms that leptin could be linked to
mammary gland growth, which is a necessity
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for occur of lactation. Leptin was also found to
have a strong relationship with prolactin, a
hormone that stimulates milk secretion
(Feuermann et al. 2009).

Leptin is encoded by leptin gene, which locate
on Chromosome 4 and consists of three exons
and two introns in goats.

Several polymorphisms of leptin gene have
been described in cattle (Konfortov et al.,
1999; Liefers et al., 2005) and were found to
associate with serum leptin concentration
(Liefers et al. 2003; Nkrumah et al., 2005),
feed intake, energy balance and fertility
(Liefers et al., 2005; Buchanan et al., 2003),
milk energy output (Banos et al., 2008;
Madeja et al., 2004), milk composition
(Glantz et al., 2011), energy storage (Corva et
al., 2009; Yang et al., 2007) and growth and
milk production (Clempson et al., 2011).

Information is inadequate about leptin gene
variation and its association with milk
production traits in goats. Therefore, the present
investigation intended to detect variation in the
leptin gene and its association with milk
production traits in Barki goats.

Materials and Methods
Animal resources and milk samples

Milk samples of 106 does were collected from
January to March 2018 from 9 goat farms that
owned by the Bedouins of the Northeast coast
of Egypt. Goats graze daily for several hours on
pastures and are also offered concentrated
supplements when back for housing. Three
monthly test-day were conducted for each doe.
In each test, does were hand-milked in the
morning, and the yield from each doe was
measured using graduated measuring cylinders.
Milk samples of 50 mL were collected and
aseptically preserved using the Broad Spectrum
Microtabs 11 tablets (Bentley Instruments EU,
Maroeuil, France), and stored at 20° C until
analyzed.

For samples, the chemical composition was
assessed by infrared analysis using a MilkoScan
instrument (MilkoScan 6000, Foss Electric A/S,
Hillergd, Denmark), and by flow cell
cytometry for somatic cell count (SCC) using
the Fossomatic TM (FC, FOSS®, Foss
Electric). Fat (FAT), protein (PRO) and lactose

(LAC) contents in the milk were expressed in
9/100 mL. The contents of non-fat milk solids
(SNF) expressed in g/100 mL. The logarithmic
value of somatic-cell count in milk was
recorded.

Polymerase chain reaction

Blood samples from all does were collected
from the jugular vein using vacuum tubes
treated with 0.25 % EDTA. DNA was extracted
using a genomic DNA extraction kit (Qiagen,
Hilden, Germany).

A pair of specific primers was designed to
amplify a 356 bp fragment located in the exon 1
region of the caprine leptin gene based on the
caprine leptin gene sequence (GenBank
accession no. XP_017902457.1).The sequences
of these two primers are as follows: F:, (F: 5'-
CGTGTGTGAGATGTCATTGATCC -3'; R:
5" -AGGGGAATGCATTTCATTACTGTT -
3"). All PCR reactions were carried out in a
total volume of 25 pl containing 0.30 uM of
each primer, 1X of high fidelity reaction buffer
(500 mM KCI, 100 mM Tris-HCI, pH 8.3), 2
mM of MgClI2, 200 uM of dNTP and 0.7 U of
Taq DNA polymerase. Reaction parameters
were: denaturation at 94°C for 2 min, followed
by 35 cycles of 94°C for 30 sec, 59°C for 30 sec
and 72°C for 30 sec. The final extension was at
72°C for 10 min.

Single strand conformational polymorphism

The  amplicons  were  prepared  for
electrophoresis as follows: 3 pl of amplicon
was mixed with 7 ul of denaturing loading
buffer (95% formamide, 0.025% bromophenol
blue, 0.025% xylene cyanol and 20 mM EDTA,
all reagents from Sigma-Aldrich, St. Louis,
Missouri). The mixture was heated to 105°C for
5 min, rapidly cooled on wet ice and then was
loaded on 16x18 cm; 12% acrylamide:
bisacrylamide  (37.5:1; Bio-Rad)  gels.
Electrophoresis was run, using Protein Il xi
cells (Bio-Rad), for 16 h at 200 v and 25°C in
0.5 x TBE buffer. Gels were silver stained
according to the method of Byun et al. (2009).

Sequencing and analysis of leptin variants

Two separate amplicons from does with
homozygous SSCP patterns were used as
templates for direct DNA sequencing. The
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amplicons were purified using a PCR cleanup
kit (GenElute, Merck KGaA, Darmstadt,
Germany), and sent to the Macrogen
sequencing company, (Seoul, South Korea), to
be sequenced in both directions. DNA sequence
analyses, alignments, translations, analysis and
comparisons were undertaken using DNAMAN
and DNASTAR software.

Statistical analysis

Hardey-Weinberg equilibrium was tested by
comparing the observed and expected genotypic
frequencies using 2.

The effect of doe genotype or the
absence/presence of variant on milk production
traits were analyzed using repeated-measures
analysis (PROC MIXED, SAS Institute 2002)
using the following model:

Yijk = U + Gj + Fj + P+ (GF)ij + (GP)ix +
(FP)jk + eijki;

where:

Yijk = the evaluated milk production traits;

u = the overall mean;

Gi = the fixed effect of i leptin genotype (i =
1, 2, 3) or the fixed effect of the
presence/absence of each leptin variant (i = 0,
1);

Fj = the fixed effect of j" farm (j = 1, .. 9);

Py = the fixed effect of k™ parity of doe (k = 1,
2,3);

(GF)ij = the interaction between the i genotype
and j™ farm;

(GP)ik = the interaction between the i'" genotype
and k™" parity of doe;

(FP)jx = the interaction between the j* farm and
k™" parity of doe;

eijum = Random error; assumed N.1.D. (0, r? e).

Comparison of least square means between doe
genotype groups or the absence/presence of
variants for the milk production traits were
analyzed using the linear model (PROC GLM,
SAS Institute 2002).

The SAS software was also used to estimate the
additive and dominance effects of single variant
in the studied gene. To estimate the additive
effect of variant L1 relative to the other variant
(L2), the genotypes were coded according to the
‘number of copies’ of variant L1: L1L1 = 2;
L1L2 = 1; and L2L2 = 0. To estimate the
dominance effect of variant L1, genotypes were
coded according to the ‘presence’ of variant L1:
L1L1 or L1L2 =1;and L2L2=0.

Results
Sequence variation

Three different SSCP banding patterns were
observed from amplicons of the amplified
region of leptin gene (Fig. 1) and exhibited
three genotypic polymorphisms (coded as:
L1L1, L1L2 and L2L2 with frequencies of 0.51,
0.31 and 0.18, respectively), representing two
variants L1 and L2 with frequencies of 0.67 and
0.33, respectively). Sequencing the amplicons
that represent the detected variants revealed two
different DNA sequences derived from two
identified SNPs (c.670528A/G and
€.670639T/C; Figure 2). The c. 670528A/G
substitution resulted in the substitution of valine
with alanine and c.670639T/C resulted in the
substitution of arginine with histidine.

Chi-square (y2) test did not confirm Hardy-
Weinberg equilibrium for the detected variants
in the studied locus, which could be mainly a
result of non-random mating or due to the little
number of the studied animals.

rz2r2z

Figure 1. Polymerase chain reaction (PCR)-single-strand conformational polymorphism of caprine leptin.
Three banding patterns corresponding to two variant sequences L1 and L2.
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Variant Al
Variant AZ

Variant Al
Variant A2

Variant Al
Variant A2

Variant Al
Variant A2

Variant Al
Variant AZ

Variant Al
Variant A2

CETGTGTGAGATGTCATTGATCCTGGTGACAATCGTCTTGATGAGGGTTTTGGTGTCATC
____________________________ B ——— e —

CTGGACCTTGCGGATGGGCACAGCCTCCACGTAGGAGAGATAGGGCCARMAGCCACAGGAR

TCGGTACAGGGGTCCACAGCGCATTTTCCTTCCCGGGATGGGCTTCTGGGGCCTGAARAC
___________________ Te———_——_ ——

AGAAGARAACCACACGTGGCACATCGCCAGCTCTCCGAGAACACCCATGTGCTCCGTTACC

Figure 2. Sequences of the two detected variants in exon 1of leptin gene in Barki goats.

Effect of non-genetic factors and their
interaction with doe genotype on milk
production traits

The effects of non-genetic factors and their
interaction with doe genotype on milk
production traits are presented in Table 1. Farm
showed significant effects (P < 0.05; P < 0.01;
P < 0.001) on the studied traits, furthermore doe
parity significantly affected MY (P < .01) and
PRO (P < 0.05). The interaction between doe
genotype and farm showed significancy (P <
.001) only on MY; whereas, the interaction
between doe genotype and doe parity showed
significant effect (P < .05) on MY and PRO.
While, the interaction between parity and farm
had no significant effect on all the studied traits.

Effect of leptin genotype

The associations of the detected leptin
genotypes with milk production traits are
presented in Table 2. A significant effect (P <
.05) of leptin genotypes was observed for PRO.
In addition, a highly significant effect (P <
.001) was observed for the leptin genotype on
MY. The obtained results also revealed that
does with the L2L2 genotype had superior
performance for MY; however, does with the
L1L1 genotype had the lowest performance for
this trait. Additionally, L2L2 does were higher
than L1L1 does in PRO. While, genotype had
no significant effect on others milk traits.

Effect of the presence/absence of
variants

The association between the presence/absence
of the detected leptin variants in the doe
genotype and milk production traits are
presented in Table 3. These results showed that
the presence of the L1 variant in the doe
genotype was significantly associated with
lower MY (- 0.31kg/d; P < .01) and decreased
PRO (-0.42 %; P < .01). Furthermore, the
presence of the L2 variant in the doe genotype
was significantly associated with higher MY
(0.15 kg; P < .05).

Genetic effects

The genetic effects (additive/ dominance) of the
detected leptin variants on milk production
traits were tested and are presented in Table 4.
The results showed significant additive effect (P
< .01) on pH (-0.035+0.016) and highly
significant (P < .01) dominance effects on MY
(-0.317 g/d £ 0.114) and PRO (-0.426%
10.142).

leptin
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Table (1). Significance effect of genetic, non-genetic factors and their interactions on growth traits and body
indices of Barki lambs.

Trait

Factor MY | FAT | PRO | LAC | SNF pH scc
Genotype ** ns * ns ns ns ns
Farm e ** o o ol * ek
Parity *x ns * ns ns ns ns
Genotype x Farm kol ns ns ns ns ns ns
Genotype x Parity * ns * ns ns ns ns
Parity x Farm ns ns ns ns ns ns ns

MY: milk yield; FAT: fat content; PRO: protein content; LAC: lactose content; SNF: solid not fat; SCC: somatic cell count; ns: non significant; *:
refers to significance at (p < .05); **: refers to significance at (p < .01); ***: refers to significance at (p < .001).

Table 2. Least square means and their standard errors for milk production traits in Barki goats
according to the leptin genotypes

Trait Genotype
L1L1 L1L2 L2L2 P-value
(54) (33) (19)
MY (kg) 1.22°+0.06 1.264°+0.06 1.558%+0.10 0.001
FAT(gm/d) 4.87+0.21 4.81+0.25 4.17+0.36 0.721
PRO (gm/d) 4.75° +0.07 4.68° +0.10 5.15%+0.13 0.011
LAC (gm/d) 4.92+0.07 4.78+0.07 5.05+0.07 0.356
SNF (gm/d) 10.61+0.08 10.38+0.10 10.56+0.14 0.359
PH 6.65+0.02 6.72+0.02 6.71+0.02 0.423
scc 5.192°+0.09 5.43%+0.12 5.02°+0.16 0.148

MY: milk yield; FAT: fat content; PRO: protein content; LAC: lactose content; SNF: solid not fat; SCC: somatic cell count; ns: non significant; *:

refers to significance at (p < .05).
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Table 3. Association of the absence/ presence of leptin variants with on milk production traits in Barki goats

LSM+ SE Significance
Trait | Variant Absence N | Presence Absolute
being |\ | variant variant | Increase/decrease
assessed
MY (kg) L1 19 155+0.10 | 87 | 1.24%0.05 -0.31 ok
L2 54 | 1.22+0.06 | 52 | 1.37+0.06 0.15 *
FAT L1 19 | 4174036 | 87 | 4.85:0.16 0.68 ns
L2 54 | 4.87+0.21 | 52 | 458+0.21 -0.29 ns
PRO L1 19 | 515%0.13 | 87 | 4.73x0.06 -0.42 ok
L2 54 | 476x0.07 | 52 | 4.85:+0.08 0.09 ns
LAC L1 19 | 505+0.08 | 87 | 4.87+0.06 -0.18 ns
L2 54 | 492+0.08 | 52 | 4.88+0.06 -0.04 ns
SNF L1 19 | 1056+0.15 | 87 | 10.52+0.07 -0.04 ns
L2 54 | 10.61+0.09 | 52 | 10.45+0.09 -0.16 ns
pH L1 19 | 6.71x002 | 87 | 6.68+0.01 -0.03 ns
L2 54 | 6.65+0.02 | 52 | 6.710.02 0.06 ns
scc L1 19 | 5024016 | 87 | 5.28+0.08 0.26 ns
L2 54 | 5.19+0.09 | 52 | 5.28+0.10 0.09 ns

MY: milk yield; FAT: fat content; PRO: protein content; LAC: lactose content; SNF: solid not fat; SCC: somatic cell count; ns: non significant; *:

refers to significance at (p < .05); **: refers to significance at (p < .01).

Table 4. Genetic effects of the caprine leptin gene on milk production traits in Barki goats

Genetic effect
Trait Additive P-value Dominance P-value
MY -0.142+0.058 0.055 -0.317+£0.114 0.006**
FAT 0.301+0.195 0.126 0.682+0.387 0.081
PRO -0.151+0.073 0.051 -0.426+0.142 0.003**
LAC -0.029+0.065 0.658 -0.179%0.129 0.167
SNF 0.059+0.082 0.471 -0.043+0.162 0.791
pH -0.035%0.016 0.026* -0.035%0.032 0.273
SCC 0.032+0.094 0.731 0.269+0.184 0.147

MY: milk yield; FAT: fat content; PRO: protein content; LAC: lactose content; SNF: solid not fat; SCC: somatic cell count; ns: non significant; *:

refers to significance at (P < .05); **: refers to significance at (P < .01).

Discussion

This is the first report concerning the effect of
leptin variation on milk production traits in
Barki goats. The results suggest that the leptin
variants in exon 1 are associated with milk yield
and protein content. Studies regarding the effect
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of leptin genotypes on milk production traits in
goats are missing in the literature; however
there are many studies concerned the effect of
variation in leptin gene on other economic traits
in goats. Maitra et al. (2014) reported the
complete sequence of leptin gene in Indian
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goats by direct sequencing and detected seven
SNPs: these SNPs were found in exon 2
(9.1029T C), intron 2 (g.1621G A) and 3'UTR
(9.3968T C, g.3971C T, 9.4026G A, 9.4105G A
and 9.4225T C). Wang et al. (2015) identified
genetic variants of the leptin gene in five
Chinese goat breeds, and detected six novel
single nucleotide polymorphisms  (SNPs)
(0.117T > C, 0.1642G > A, (.2883G > A,
g.3053T > C, g.3190G > A, and ¢.3314T > C);
all of these six SNPs are associated with growth
traits. Avondo et al. (2019) stated that leptin
genotype in the SNP at position (c.483T>A)
strongly affected fatty acid composition (the
levels of monounsaturated fatty acids and
polyunsaturated fatty acids, desaturation index
and favorable atherogenic index) in Girgentana
lactating goats.

In dairy cattle, the allelic variation (C to T
transition in exon 2 of ovine leptin gene that
results in an Arg25Cys) was associated with
milk yield and SCC in Holstein cows
(Buchanan et al., 2003). The same SNP was
tested for Holstein First-Calf Heifers and found
to affect milk yield, fat mass fraction, milk fat
yield, and milk protein yield (Balakirev et al.,
2018). Other SNPs (UASMS1, UASMS2,
C963T, E2FB, A59V, T945M, A1457G, NPY1
and A252T) were genotyped across a
population of Holstein cows, and only one of
these SNPs (A59V) affected milk production
(Clempson et al., 2011). De Matteis et al.
(2012) fully characterized the leptin gene by
sequencing the whole coding region and part of
the 5’ flanking region in Holstein cows and
revealed a total of 26 SNPs (24 in the promoter
and 2 in the exons). Of the 26 detected SNP, 19
already were reported by Liefers et al. (2005)
(accession no. AJ571671); three SNP were
reported in  the dbSNP  (rs29004171;
rs29004172; rs29004173); one SNP (accession
no. AB070368) previously were reported by
Orru et al. (2012) and two SNP (rs29004488
and rs29004508) had been reported by
Konfortov et al. (1999). Finally, a novel SNP,
LEPO5, was detected in the present study
(9.2003435T>C; accession no.
NW_001494939). None of these SNPs affected
milk production traits. Maletic et al. (2019)
detected leptin gene polymorphism on exon 3

(A59V locus) and intron 2 (SAU3AI locus) in
the endangered population of autochtonous
Busha cattle and tested their associations with
milk traits; the first locus significantly affected
only SNF content.

In buffalo, Tanpure et al. (2012) investigated
genetic variations in intron 1 region of leptin
gene using the PCR-SSCP and sequencing
methods and reported the association of them
with milk traits. This study revealed three SSCP
variants A, B and C among nine breeds of
buffaloes (Mehsana, Marathwada, Chilika,
Jaffarabadi, = Murrah, Nili-Ravi,  Toda,
Pandharpuri and Nagpuri) that were derived
from five polymorphic sites, with three
haplotypes. The study revealed significantly
high fat percentage at 150 days in SSCP variant
B in Mehsana breed.

The effect of leptin on milk production and
protein content in goats might be attributable to
its effects on feed intake and energy balance.
Many investigations have shown associations
between milk production traits and these traits.
Nogalski et al. (2012) reported that the
negative energy balance is followed by
excessive fat mobilization in the body results in
an increased fat and decreased protein content
in milk. They also stated that the rise in milk fat
stems from the increased amount of free fatty
acids in the blood. The reduction in milk protein
resulting from a delay in the protein production
processes that require energy when there is
shortage of available energy. Singh et al.
(2019) reviewed that, during pregnancy, leptin
levels are high and they decline rapidly towards
parturition. Eliminating the energetic costs of
lactation by preventing milk delivery in cows
caused an increase in plasma leptin levels
together with an increase in energy balance.
This indicates that the fall in circulating leptin
levels towards and during lactation is due to the
energetic costs of milk production. Pickavance
et al. (1998) observed that the increase in leptin
induced by food intake was eliminated during
lactation and they speculated that the
hypoleptinemia may be an important factor
promoting the hyperphagia of lactation. They
also demonstrated that the onset of the negative
energy balance is largely responsible of
declining leptin  concentrations  towards
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parturition and that the low leptin levels during
lactation probably induce the hyperphagia of
lactation.

It is notable that the detected variants of leptin
gene showed negative dominance effects on
MY and PRO. These results indicate that the
best way to improve the productivity of goats
from milk and protein content is crossing
between the endogenous and elite breeds of
goats

Conclusion

This study is the first concerning the effect of
leptin gene polymorphisms on milk production
traits in Barki goats. We conclude that the
variation in the caprine leptin gene has an effect
on milk vyield and milk protein content.
However, further investigations on a larger
population of Barki goats or other breeds of
goats are needed to confirm these results before
being recommended to breeding programs for
improving milk production traits in goats.
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