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Abstract

Objective

Visfatin, or Nicotinamide Phosphoribosyltransferase (NAMPT), is a multifunctional adipokine.
This molecule plays a role intracellularly by maintaining the metabolism of nicotinamide adenine
dinucleotide (NAD"). In addition, this molecule also functions extracellularly as an important
regulator of metabolic and reproductive processes. Although this molecule has high biological
importance, the genetic diversity of Visfatin in goats and its relationship with production traits
have not been fully and accurately investigated and identified. Thus, the aim of the present study
was to examine two single-nucleotide polymorphisms (SNPs) in the Visfatin gene of local Iraqi
goat breeds and study their associations with milk yield, milk composition, and reproductive

performance.

Materials and methods

Blood samples were taken from forty-six clinically healthy does, which were representative of
semi-intensively managed herds. Genomic DNA was extracted and two regions of the gene were
amplified, a 350 bp region from exon 2 and an 825 bp promoter region that contained position -
137. These were subsequently genotyped using PCR-RFLP with Hinfl for the exon-2 SNP and
direct Sanger sequencing for the promoter SNP. Allele and genotype frequencies were calculated
and Hardy-Weinberg equilibrium (HWE) was analyzed. General linear models were performed

followed by one-way ANOVA and Tukey's test to analyze associations with productive traits.
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Results

Both loci were polymorphic and met Hardy-Weinberg expectations. The exon-2 A—G mutation
produced three genotypes (AA, AB, BB), with AA predominating and conferring significantly
higher daily milk yield and increased milk fat and protein percentages, along with earlier age at
first kidding, shorter kidding interval, and larger litter size (P < 0.05). The promoter -137 C—T
mutation resulted in the genotypes CC, CT, and TT; the TT animals displayed similarly

beneficial milk and reproductive traits, while lactose percentage was not impacted.

Conclusion

Collectively, these results indicate that both structural and regulatory variants of Visfatin have
independent and additive effects on milk production and reproductive efficiency. The relatively
high frequencies of the favorable A and T alleles underscore the Visfatin gene as an excellent
candidate for marker-assisted selection to improve dairy and reproductive performance in
indigenous Iraqi goat populations.
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Introduction

One of the most basic and important pillars of livestock farming in many developing regions
of the world is goat farming (Mohammadabadi et al., 2022). This is especially important in Iraq,
where indigenous breeds have historically played an important role in providing milk, meat, and
fiber, while also showing remarkable adaptability to harsh and variable climatic conditions. The
importance of Iraqi goats is due to their high tolerance to heat stress, good resistance to endemic
diseases, and high survival ability with limited food resources. However, in terms of milk
production and reproductive efficiency, these goats are still less productive than improved dairy

breeds available in other countries. Therefore, reducing the gap in these critical traits that
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improve the rural economy and sustainable food security has been a priority for researchers,
breeders and policy makers (Mohammadabadi et al., 2024). One of the most relied upon methods
to assist in improving traits of production and fertility, will be the identification and utilization
of genetic markers (Noori et al., 2017). One genetic marker of interest for production and
reproductive traits is the Visfatin gene (NAMPT), due to its key role in the dual role of energy
metabolism and reproduction. Visfatin is known as a multifunctional protein because it has both
intracellular and extracellular roles. The conversion of nicotinamide to nicotinamide
mononucleotide is an essential step in the NAD* recycling pathway within the cell. This step is
catalyzed by visfatin. Thus, it contributes to the maintenance of cellular redox balance and energy
metabolism (Fukuhara et al., 2005). In addition to its enzymatic role, Visfatin can enter the
circulation as an adipokine and exert hormone-like effects on multiple target tissues. Visfatin
also acts as a key link and regulator between downstream metabolism and systemic physiology
of the body. Thus, it plays a role in glucose homeostasis, regulation of immune responses, and
insulin-like functions (Luk et al., 2008). In bovine mammary cells, for example, Visfatin is
upregulated through cAMP-mediated signaling pathways supporting directly milk synthesis and
the energetics of continued milk synthesis (Yonezawa et al., 2006). Visfatin is also related to
reproductive physiology in addition to metabolic effects. Studies in cattle and buffalo
demonstrate that Visfatin promotes IGF-1 signaling in granulosa cells, positively regulates
steroid hormone secretion, and enhances follicular development which influences ovarian
function and potential fertility outcomes (Reverchon et al., 2016; Thakre et al., 2021). This
evidence shows Visfatin is involved in both metabolic regulation and reproductive physiology
that support research opportunities for genetic studies in dairy animals. The extensive family of
adipokines, including leptin, adiponectin, resistin, chemerin, and visfatin, are increasingly acting
as mediators of the link between energy homeostasis and reproductive function. Adipokines are
mainly secreted by adipose tissue. However, their receptors and downstream signaling pathways
are also expressed in reproductive tissues such as the ovary, uterus, and pituitary. Therefore,
these molecules can act as communication channels between the body's energy reserves and
reproductive capacity. Therefore, they can ensure that the reproductive process only occurs under
conditions of energy adequacy. Visfatin has a special place among this family. Visfatin
simultaneously regulates metabolic homeostasis and steroidogenesis. Therefore, it can
coordinate and synchronize these two key axes in livestock production. Some recent reviews
have shown that expression of multiple adipokines in ovarian follicles and the corpus luteum has
the ability to directly alter the secretion of estrogens and progesterones and modify follicle
maturation, ovulation, and maintenance of pregnancy (Al-Thuwaini, 2024). These functional
examples reinforce the emphasis on looking at genetic variants of Visfatin in the goat. Candidate
genes with genetic polymorphisms have a long history of investigating as a means of improving
productivity in livestock species (Askari et al., 2011). For example, casein genes are widely

accepted genetic markers that affect milk protein content and cheese-making properties in goats
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and sheep (Dettori et al., 2023). Likewise, polymorphisms in genes related to adipokines have
been associated with production traits in cattle, pigs, and small ruminants. For instance, the
Visfatin gene has been correlated with meat quality traits in pigs, providing early evidence that
polymorphisms in this gene are likely to affect economically relevant traits (Zrustova et al.,
2009). Recently, investigations into Visfatin in ruminant species have begun, with some evidence
of relationships with reproductive efficiency as it relates to variations in gene expression, with
studies focusing on goats limited (Shokrollahi, 2024). Other names for Visfatin include
nicotinamide phosphoribosyltransferase (NAMPT) and pre-B-cell colony-enhancing factor
(PBEF). Visfatin is a key molecule linking cellular energy metabolism with endocrine and
reproductive regulation. Visfatin acts as a rate-limiting enzyme in the NAD"* recycling pathway,
catalyzing the conversion of nicotinamide to nicotinamide mononucleotide. In this way, Visfatin
directly affects the level of NAD" in tissues. This pathway plays a pivotal role in cellular redox
balance and, as a result, regulates mitochondrial function and sirtuin activity (Fukuhara et al.,
2005; Revollo et al., 2007). Visfatin's lenses of such biochemical function with hormone-like
potential positions the molecule at the crossroads of metabolism, immunity, and reproduction.
In productive ruminants, where lactation and fertility depend on energy status, Visfatin has been
increasingly researched as candidate genes to influence economically important phenotypes (Luk
et al., 2008). Studies utilizing bovine models have provided some of the earliest preliminary
evidence of the physiological role for Visfatin in lactation. Visfatin has been shown to be
localized to mammary epithelial cells and detected in milk, indicating that its pattern of
expression is related to cAMP-dependent pathways which suggest a direct role in udder secretory
and metabolic programs (Yonezawa et al., 2006). In cultured bovine granulosa cells, Visfatin
promoted steroidogenesis in the presence or absence of IGF-1, enhanced signaling through the
IGF-1 receptor, and was seemingly responsible for some SIRT1-mediated effects, a particular
NAD"-dependent deacetylase with connections to metabolic status (Reverchon et al., 2016).
These mechanistic concepts offer a biological rational to expect associations between Visfatin
polymorphisms and reproductive traits including age at first kidding, inter-kidding intervals, and
litter size in caprine systems. Reviews of ruminant physiology show that adipokines are
expressed in the ovary, testes, and hypothalamic-pituitary axis, where they modulate
steroidogenesis and influence oocyte maturation, follicular dynamics, and luteal function (Al-
Thuwaini, 2024). Reproduction proceeds efficiently only when energy status is adequate and
correctly interpreted by endocrine tissues, and visfatin, by virtue of its combined enzymatic and
hormonal roles, is ideally placed to act at this interface. Casein genes such as CSNISI, CSN2,
CSNI1S2, and CSN3 are well-established determinants of milk protein fractions and have been
repeatedly associated with milk yield, fat and protein content, total solids, and milk energy value
across dairy breeds (Dettori et al., 2023). Recent genomic surveys of goat milk composition
continue to highlight pathway genes and regulatory regions, underlining the potential of

integrating mechanistic candidates like Visfatin into broader selection indices (Yang et al., 2024).
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Within goats, literature directly addressing Visfatin genotypes remains sparse compared with
cattle and buffalo, but the broader adipokine field provides clear precedents. Studies in Egyptian
Zaraibi goats, for example, link polymorphisms in PRLR, IGF'I, and LEP to milk production and
litter size, demonstrating that endocrine and metabolic genes can indeed influence both dairy and
reproductive outcomes in caprine populations (El-Shorbagy et al., 2022). More generally,
candidate-gene studies conducted in goats have involved the characterization of lipid-
metabolism genes such as ACACA, LPL, and SCD, as well as components of secretory pathways
such as BTN1A1 in association with yield, fat, protein and somatic cell traits, and as models for
the current work (Brzakova et al., 2021). Evidence from non-ruminant livestock adds to this
rationale. In pigs, early mapping and association studies identified NAMPT polymorphisms and
explored correlations with carcass and meat-quality traits, demonstrating the feasibility of
reliably genotyping this locus and implicating it in growth and tissue metabolism (Cepica et al.,
2010). Although the production traits differ between pigs and dairy goats, such cross-species
convergence supports the hypothesis that functional variation in NAMPT can shape phenotypes
controlled by metabolic pathways. For goat breeding programs, this type of “portable
plausibility” matters in contexts where local genomic data are still emerging. Visfatin is
ultimately mechanistically connected to phenotypes along multiple pathways. A way Visfatin
acts is through the maintenance of NAD" pools, as Visfatin supports sirtuin-dependent changes
in gene expression and metabolism; in the ovary, SIRT1 has been associated with steroidogenesis
and follicular competency, with data from bovine granulosa cells (Reverchon et al., 2016).
Visfatin is involved with immune metabolism, as an adipocytokine that acts in an inflammatory
tone, and is therefore relevant to udder health and indirectly on milk quality and productivity
under the stressors of pasture (Luk et al., 2008). The ecological context discusses the reason
candidate genes such as visfatin, leptin, or IGF1-pathway components have sometimes had
stronger associations to performance in indigenous breeds than when evaluated in dairy lines
under intensive selection in dairy lines (EI-Shorbagy et al., 2022; Avondo et al., 2019). More
recent studies of goats used higher-throughput genotyping and targeted sequencing approaches
to finely map variability of casein genes and other candidates, identifying intronic and promoter
variants that regulate gene expression (Dettori et al., 2023). As functional genomics techniques
propel discover in caprines, it has been possible to interrogate NAMPT promoter and enhancer
regions, splice variants, and 3’ UTRs for polymorphisms that influence level of tissue-specific
expression to some degree. Reviews of the genetics of milk composition in goats has argued that
integrated functional annotations of polymorphic sites with association signals greatly enhance
the biological meaning and practical application (Yang et al., 2024). Recent syntheses on
participants of the adipokine biological systems, such as visfatin, apelin, and irisin, in farm
animals, indicate that these peptides affect insulin sensitivity, vascularization, and steroid
hormone production when subjected to nutritional state (Shokrollahi, 2024). In ruminants, the

expression of these peptides and their respective receptors in granulosa, theca, and luteal cells
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establishes a systemic relationship where metabolic status regulates reproductive timing and
quality. Within this system, visfatin's enzymatic control over NAD* demonstrates how Visfatin
provides a 'lever' over sirtuin-dependent transcriptional programs, which may account for
synchronized improvements to metrics of lactation and fertility (El-Shorbagy et al., 2022;
Brzékova et al., 2021; Shokrollahi, 2024). Increasingly, recent goat genetics literature documents
parity, age, season, and diet carefully, using appropriate statistical adjustment for the association
analysis and include them in the discussion as a potential confounding factor (Dettori et al., 2023;
Brzakova et al., 2021). Mechanistically, Visfatin regulates NAD* metabolism and in turn affects
sirtuin modulation of energy and steroidogenic pathways; biochemically, Visfatin is produced in
membranes of mammary epithelium and compartments of the ovary, signaling both autocrine,
paracrine, and endocrine modes of action (Dakroub et al., 2020). In domesticated livestock,
porcine studies have shown that NAMPT polymorphisms exist and can be correlated with
performance traits (Suzuki et al., 2022); bovine research indicates, in major dairy breeds in
particular, that functional effects can be found in mammary and ovarian cells; and goat
candidate-gene studies suggest that endocrine and metabolic loci, including Visfatin (or
NAMPT), can potentially impact both milk and reproduction. In conclusion, the next step is to
fully document Visfatin polymorphisms, define allele and genotype frequencies at coding and
promoter loci, and look for associations with milk yield, milk composition, and reproductive trait
metrics in population comprising of under-researched indigenous livestock (e.g., local Iraqi
goats), as dairy composite breeds are similarly under-researched (Yonezawa et al., 2006;
Reverchon et al., 2016; EI-Shorbagy et al., 2022; Dettori et al., 2023; Yang et al., 2024). Thus,
the aim of the present study was to examine two single-nucleotide polymorphisms (SNPs) in the
Visfatin gene of local Iraqi goat breeds and study their associations with milk yield, milk

composition, and reproductive performance.

Materials and methods

This study was conducted on a total of 46 clinically healthy local Iraqi goats, representing
a cross-section of smallholder herds maintained in rural areas under semi-intensive management
conditions. Ethical approval for animal handling and sample collection was obtained from the
institutional animal ethics committee prior to commencement. The study was designed to
characterize two Visfatin (NAMPT) polymorphisms, a coding SNP in exon-2 (A—G) and a
regulatory SNP in the promoter at -137 (C—T) and to examine, for each mutation independently,
their associations with milk production traits and reproductive performance.

Animals and management: The goats were adult females aged 2 to 5, with production
status ranging from first to third kidding. They were managed as semi-intensively as would be
typical for central and southern Iraq, with daytime grazing and evening supplementation with
barley, wheat bran, and hay. Animals had ad libitum access to clean water and mineral blocks.

The health of goats was monitored by veterinary inspection, and only non-pregnant, clinically
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healthy animals and free from systemic disease were included. The body condition score was
assessed to ensure sampled goats were representative of herd condition.

Sample size determination: The sample size (n = 46) reflected logistical feasibility and
availability of animals and follows prior caprine candidate-gene studies where comparable
numbers were sufficient to detect genotype-phenotype associations under strong biological
priors. The present cohort provides foundational estimates of allele/genotype frequencies and
effect directions for both loci, supporting future, larger multi-herd validations.

Milk data collection: Milk characteristics were assessed over a standardized lactation
period. Daily milk yields were taken at morning milking with calibrated graduated cylinders and
following the same methods each day; weekly average milk yield per animal was calculated to
minimize day-to-day variability. Milk composition was determined bi-weekly from frozen milk
samples transported at 4 °C; fat (%) was determined on bi-weekly samples using the Gerber
method; protein (%) was determined using the Kjeldahl method; and lactose (%) was assessed
with a spectrophotometric assay.

Reproductive trait recording: Age at first calving (AFK, in months), intercalation interval
(KI, in days), and litter size (LS, number of kids per calving) were the reproductive traits
investigated in this study. Information on these traits was collected from farm records and direct
observations. These standard indicators comprised the reproductive trait panel for genotype-trait
analyses at each locus.

Blood sampling and DNA extraction: From each goat, 5 mL of jugular blood were
collected aseptically into EDTA vacutainers. These samples transported on ice to laboratory and
stored at —20 °C until analysis. A commercial kit (e.g., Qiagen, Germany) following the
manufacturer’s protocol was used to extract genomic DNA. DNA quality was assessed by 1%
agarose gel electrophoresis and A260/280 spectrophotometry (NanoDrop). High-molecular-
weight bands confirmed integrity. After that working solutions were prepared for subsequent
analysis.

PCR amplification of Visfatin gene: Two genomic regions were amplified. The first region
was exon 2 fragment (~350 bp; coding SNP A—G). Primers (designed from caprine NAMPT)
forward 5'-AGCCTTCTGATGGTGACTGC-3', and reverse 5'-
TCCAGGACTTGGGTTTCTGA-3" were used. Reactions (25 pL) contained ~50 ng DNA, 10
pmol of each primer, 200 uM dNTPs, 1.5 mM MgClz, 1 U Taq, and 1X buffer. Condition for
amplifying were: Initial denaturation with 1 cycle performed at 95 °C for 5 min, step 2 with 35
cycles; denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s, synthesis at 72 °C for 45 s;
and final synthesis at 72 °C for 10 min. The second region was promoter fragment (~420 bp
spanning -137; regulatory SNP C—T). Primers were designed from the 5’ upstream NAMPT
region flanking -137 (amplicon ~825 bp). PCR reactions were performed for this region as
described above for exon 2. The annealing temperature of the primers was adjusted based on

their melting temperature (Tm) in the range of 60-58°C. PCR products were visualized on 1.5%
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agarose gels stained with ethidium bromide. Then gels were imaged under UV to confirm single,
specific bands of expected size (Figure 1).

Genotyping of Visfatin gene: The Exon-2 A—G (Hinfl PCR-RFLP with Sanger
confirmation). Ten microliters of exon-2 amplicon were digested with Hinfl (1 U; 1X buffer; 37
°C, 4 h). Digests were separated on 3% agarose and visualized under UV. Distinct banding
patterns defined AA, AB, BB genotypes according to the presence/absence of the Hinfl
restriction site created by the A—G substitution. To verify the causal SNP and RFLP patterns, a
subset of samples across genotypes was Sanger-sequenced bidirectionally. Promoter -137 C—T
(direct Sanger sequencing). The ~825 bp promoter amplicon was purified and Sanger-sequenced.
Chromatograms were inspected in Chromas, and sequences aligned to the caprine NAMPT
reference to score the -137 site as CC, CT, or TT. Where needed, ambiguous traces were re-
sequenced from the opposite strand. Quality control and population checks. For each locus,
genotype and allele frequencies were estimated by direct counting. Hardy-Weinberg equilibrium
(HWE) was evaluated using ¥ tests (biallelic, codominant model). Loci were analyzed

independently (no haplotype phase inference) given the sample size.

M 1 2 3 4 S

1500bp

1000bp
825bp

500bp

100bp

Figure 1. The results of PCR amplification for Visfatin exon-2 on agarose gel local Iraqi
goat. Lanes 1-5 are amplified fragments (825bp). Lane M is a 100 bp DNA ladder

Statistical analyses: Data analyses were performed in SPSS v25 (IBM, USA). Two

predefined panels were used for each trait separately to examine and analyze each mutation
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(exon-2 A—G; promoter -137 C—T). The first panel was milk panel and contained daily milk
yield (L/day), fat (%), protein (%), and lactose (%). The second panel was reproductive panel
and included AFK (months), KI (days), and LS (kids). For milk traits, a general linear model
(GLM) was fitted:
Yi=n+Gitej

Where Yij is the trait value for individual with genotype ij, 1t is the overall mean, Gi is the
fixed effect of genotype (AA/AB/BB for exon-2 and CC/CT/TT for promoter), and eij is the
residual error. For reproductive traits (AFK, KI, LS), one-way ANOVA was applied with
genotype as the fixed factor. When main effects were significant, Tukey’s HSD was used for
pairwise comparisons. Significance was declared at P<0.05 (significant) and P < 0.01 (highly

significant). Results are reported as mean + SE.

Results

Two independent single nucleotide polymorphisms (SNPs) with functional significance
were identified in 46 native Iraqi goats studied for the Visfatin gene. The first SNP was an A—G
substitution in exon 2 of the coding region of the gene, and the second SNP was a C—T
substitution at position —137 of the promoter region. The association between the genotypes of
the two genetic polymorphisms with milk production traits, namely daily production, fat, protein,
and lactose, was investigated. In addition, the association of these genotypes with reproductive
performance indicators including age at first calving, intercalation interval, and litter size was
also analyzed.

Allele and genotype frequencies for exon-2 (A—G polymorphism): The PCR product for
this region was a 350 bp fragment that was observed in all studied samples. This result indicated
that the desired fragment was successfully amplified. Digestion of the PCR products with Hinfl
enzyme led to the identification of three genotypes AA, AB, and BB. Sequencing by the Sanger
method also confirmed that the A—G substitution had occurred. As shown in Table 1, the
frequency of the AA genotype was the highest of all genotypes (65.2%) and the BB genotype
had the lowest frequency (8.7%). The allelic frequencies were calculated as A = 0.78 and B =
0.22, respectively. The chi-square test showed no significant deviation from Hardy-Weinberg
equilibrium (P > 0.05). This could indicate the absence of forces disrupting the equilibrium, such
as non-random mating.

Milk production traits and exon-2: Associations between A—G genotypes and milk
performance are summarized in Table 2. Goats carrying the AA genotype produced the highest
mean daily milk yield (3.8 = 0.40 L/day), significantly exceeding AB (3.1 + 0.35 L/day) and BB
(2.7 £ 0.30 L/day) animals (P < 0.05). The AA group also exhibited significantly greater milk
fat (4.1 £ 0.08 %) and protein (3.5 £ 0.06 %), while lactose content remained relatively constant
across genotypes (4.68 £ 0.05 %, 4.66 = 0.04 %, and 4.64 + 0.05 % for AA, AB, and BB,
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respectively) (P > 0.05). These findings indicate that the A allele has a positive effect on both

the quantity and the protein-fat quality of milk without altering lactose concentration (Figure 2).

Table 1. Allele and genotype frequencies of the Visfatin exon-2 A—G locus (n = 46)

Genotype Frequency (%) Number of Animals (n)
AA 65.2 30
AB 26.1 12
BB 8.7 4
Allele Frequency
A 0.78
B 0.22

Table 2. Association between Visfatin genotypes and milk production traits in local Iraqi

goats
Genotype N Milk Yield (L/day) Fat (%) Protein (%)  Lactose (%)
AA 30 3.8+£0.40a 4.1+0.08a 3.5+£0.06a 4.68£0.05
AB 12 3.1£0.35b 3.8+0.07b 3.1£0.05b  4.66+0.04
BB 4 2.7+0.30c 3.6 £ 0.06¢c 2.8+£0.04c  4.64=£0.05

Values are means = SE. Different superscripts within a column differ significantly at P < 0.05.

4.5

=Y

a5

25

1.5

0.5

AN AB BB

mMilkYield (L/day) mFat(%) mProtein (%) M Lactose (%)

Figure 2. Mean (£SE) milk production and composition by Visfatin exon-2 genotype. Left
to right within each group; milk yield (L/day), fat (%), protein (%), and lactose (%)

Reproductive traits and for exon-2: Genotypic variation at the A—G locus was likewise
associated with reproductive performance (Table 3). AA goats reached first kidding earliest (14.5
+ 0.6 months), had the shortest kidding interval (285 + 9 days), and produced the largest litter
size (2.1 £ 0.2 kids). All significantly superior to the AB and BB genotypes (P < 0.05). These
results demonstrate that the AA genotype confers advantages not only for lactation but also for

reproductive efficiency. It underscores its potential value as a selection target (Figure 3).
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Table 3. Association between exon-2 A—G genotypes and reproductive traits

Genotype Age at First Kidding (months)  Kidding Interval (days) Litter Size (kids)

AA 14.5+0.6a 285+9a 2.1£0.2a
AB 159+0.7b 298 + 11b 1.8+ 0.2b
BB 16.8 £ 0.8b 310+ 12b 1.6+ 0.1b

Values are means + SE. Different superscripts within a column differ significantly at P < 0.05.

Age at First Kidding (months) Kidding Interval (days] Litter Size (kids)

5
:
15 300
155 ]
25 15
15 20
13 285 !
1 250
05
35 7
0
Ab AB B8 A4 AB BB AA A8 63

Figure 3. Mean (£SE) reproductive traits by Visfatin exon 2 A/G genotype. Left to right:
age at first kidding (months), kidding interval (days), and litter size (kids). AA goats show

earlier first kidding, shorter interval, and larger litters compared to AB and BB

Allele and genotype frequencies for promoter-137 (C—T substitution): The PCR
product for this region was an 825 bp promoter fragment that was observed in all studied
samples. This fragment was also sequenced and revealed a C—T substitution at position -137
(Figure 4). Three genotypes CC, CT, and TT were detected (Table 4). CT genotype was the most
frequent (43.5 %) and the frequency of TT was the lowest (17.4 %). Corresponding allele
frequencies were C = 0.61 and T = 0.39. The population for this SNP was in Hardy-Weinberg
equilibrium (y? = 0.41, df =1, P = 0.52). This could indicate the absence of forces disrupting the

equilibrium, such as non-random mating.

Table 4. Allele and genotype frequencies of the Visfatin promoter -137 C—T locus (n =
46)

Genotype Frequency (%) Number of goats (n)
CcC 39.1 18
CT 435 20
TT 17.4 8
Allele Frequency
C 0.61
T 0.39
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Milk production traits and promoter-137 (C—T substitution): The promoter
polymorphism significantly affected milk traits (Table 5). Goats carrying the TT genotype
achieved the highest mean daily milk yield (3.65 + 0.15 L/day), which was significantly greater
than CC animals and slightly higher than CT animals (P < 0.05). TT goats also exhibited the
highest milk fat (4.14 £ 0.07 %) and protein (3.47 + 0.05 %) contents, while lactose levels
remained consistent across genotypes (Figure 5). These findings indicate that the T allele in the

promoter region enhances both yield and key quality parameters of milk.

(A
-— Polorynpl}&: site (~_1A37) A
C

NNGGCCNNN
B) D H
A “ A N -— Po]orynphLic site (—IA37)
C
NNG**C/T*NN

(&)

<«—— Polorynphic site (-137)
Ty S/ .

NNGGEI‘NN
Figure 4. Sequencing results for promoter -137 of Visfatin gene using Sanger sequencing
chromatograms. The arrow in each panel points to the polymorphic site at position -137.
(A) The homozygous CC genotype, indicated by a single blue peak for cytosine. (B) The
heterozygous CT genotype, showing overlapping blue (cytosine) and red (thymine) peaks.
(C) The homozygous TT genotype, indicated by a single red peak for thymine

Table 5. Association between promoter -137 C—T genotypes and milk production traits

Genotype Milk Yield (L/day) Fat (%) Protein (%) Lactose (%)
CcC 3.20+0.12° 3.75£0.06> 3.08 £0.05° 4.70 £ 0.04
CT 3.46 £0.112 3.98+£0.052 3.32+0.04 4.71 £0.04
TT 3.65+£0.15° 4.14£0.070  3.47+0.05* 4.72 £0.05

Values are means + SE. Different superscripts within a column differ significantly at P < 0.05.

Reproductive traits and promoter-137 (C—T substitution): Promoter genotypes were
likewise associated with reproductive performance (Table 6). TT goats reached first kidding
earliest (14.7 = 0.6 months), had the shortest kidding interval (287 + 10 days), and produced the
largest litter size (2.03 + 0.13 kids). CT animals displayed intermediate values, while CC goats
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consistently exhibited the least favorable reproductive outcomes (P<0.05). These results

highlight a beneficial role of the T allele in reproductive efficiency (Figure 6).
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Figure 5. Mean (+SE) milk production and composition by Visfatin —137 C/T promoter
genotype: left to right within each group - milk yield (L/day), fat (%), protein (%), and
lactose (%). TT goats exhibit the highest milk yield and nutrient percentages compared to
CCand CT

Table 6. Association between promoter —137 C—T genotypes and reproductive traits

Genotype  Age at First Kidding (months)  Kidding Interval (days) Litter Size (kids)

cC 15.9£0.6° 302 £ 100 1.74 £ 0.10°
CT 15.2 +0.5% 293 £ 9 1.92+£0.11%®
TT 14.7 £ 0.62 287+ 107 2.03+£0.132

Values are means + SE. Different superscripts within a column differ significantly at P < 0.05.

Age at First Kidding (months) Kidding Interval (days) Litter Size (kids)

2 300
195
56
54 95 19
185
5.2
5 20 18
s 175
-4-6 285 17
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44 280
9 15
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Figure 6. Mean (£SE) reproductive traits by Visfatin —137 C/T genotype: left - age at first
kidding (months), middle - kidding interval (days), right - litter size (kids). TT goats show
earlier first kidding, shorter interval, and larger litters than CC and CT

Discussion

The present study provides the first targeted evidence that the Visfatin gene in local Iraqi
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goats’ harbors at least two functional polymorphisms, an exon-2 A—G substitution and a
promoter —137 C—T substitution. Both of them are significantly associated with milk production
and reproductive performance. The combined data indicate that coding and regulatory variation
within Visfatin contributes to economically important phenotypes. It confirms its value as a
candidate gene for marker-assisted selection. For mutation 1 (exon-2 A—QG), three genotypes
(AA, AB, BB) were identified, with AA predominating (65.2 %) and the A allele showing a
frequency of 0.78. Goats carrying the AA genotype expressed superior lactational traits,
including a mean daily milk yield of 3.8 £ 0.40 L, as well as higher milk fat (4.1 = 0.08 %) and
protein (3.5 + 0.06 %) compared with AB and BB animals. The lactose percentage (~4.7 %) did
not change, suggesting that Visfatin mainly affects protein-fat metabolism and its secretory
ability rather than carbohydrate synthesis. There were more similarities with reproductive
parameters. AA goats were younger at first kidding, had smaller kidding intervals, and had larger
litters. These results are in line with mechanistic studies showing that Visfatin enhances
granulosa-cell steroidogenesis, estradiol and progesterone secretion, and follicle formation
(Reverchon et al., 2016; Thakre et al., 2021). Moreover, these results agree with the other
adipokine paradigm, in which the endocrine metabolic hormones govern energy balance and
reproduction (Al-Thuwaini, 2024). The second mutation (C—T at position —137 of the promoter
region) adds an important regulatory dimension to the findings. The genotype frequencies were
CT (43.5%), CC (39.1%) and TT (17.4%), respectively. Allele frequencies of C=0.61 and T =
0.39 were obtained. This indicates that the population is in Hardy-Weinberg equilibrium and
could indicate stable genetic segregation at this locus. At this locus, goats with the TT genotype
consistently showed the most favorable phenotypes. This genotype had the highest daily milk
production (3.65 £ 0.15 liters per day) and their fat (4.14 + 0.07%) and protein (3.47 = 0.05%)
contents were significantly higher. Reproductively, TT animals reached first kidding earliest and
maintained the shortest inter-kidding intervals and largest litter sizes. These data imply that
regulatory variation at the promoter enhances Visfatin gene expression, strengthening metabolic-
reproductive crosstalk and complementing the structural effects of the exon-2 mutation. The
combined analyses of these two loci demonstrate how both cis-acting regulatory modifications
and coding substitutions can impact productivity in a concerted fashion. They maintain a separate
Hardy-Weinberg equilibrium, indicating that the favorable alleles (A and T) are not tightly linked
and can each be selected for independently or in concert with the goal of increasing the respective
genotype frequency. Moreover, both polymorphisms act in polygenic, environmental response
traits (milk yield and reproductive efficiency, respectively). Therefore, while Visfatin is clearly
contributing to phenotypic variance, it is likely acting in concert with other candidate genes such
as the casein cluster (milk composition) or leptin and adiponectin (Dettori et al., 2023; Avondo
et al., 2019)), as it relates to their respective traits. Subsequent breeding programs will utilize
multi-gene selection panels that incorporate Visfatin along with these previously described

markers as discussed in this review. These results have tangible implications for goat production
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in Iraq. Integrating marker-assisted selection (MAS) will help breeding programs identify better
breeding stock earlier stages of the breeding program, decrease generation intervals, and
ultimately, increase herd performance beyond improvement purely based on phenotypic
selection. Additionally, the relatively high frequency of the alleles associated with improved
performance (A and T) implies that a traditional farmer-based introduction of these favorable
mutations into the population may have already occurred. Incorporating Visfatin genotyping
formally into our breeding programs has the potential to accelerate genetic gain while still
making selection for local breeds that are adapted to the challenging local environment.
However, there are some limitations to mention. The current sample size(n=46) provided
sufficient power to report initial associations, but it is doubtful that the sample fully represents
the genetic variation of Iraqi goat populations. To confirm these associations and also to evaluate
gene-environment interactions, larger multi-region studies should be conducted in various
dimensions. In this study, only two regions of the genome, namely an exon and a promoter
region, were investigated. While the use of whole genome sequencing, haplotype analysis, and
genome-wide association studies (GWAS) can lead to the identification of other functionally
effective variants. Finally, functional assays to assess expression of Visfatin in mammary and
ovarian tissue would strengthen causality. Despite these caveats, the present research extends the
Visfatin literature beyond cattle, buffalo, and pigs to indigenous goats, underscoring visfatin’s
cross-species relevance as a metabolic-reproductive regulator. The evidence that two distinct
mutations each exert significant but complementary effects provides a solid molecular
foundation for next-generation goat breeding strategies aimed at both dairy and reproductive
improvement.

Conclusion: This study characterized two polymorphic sites in the Visfatin gene, an exon 2
A—G substitution and a promoter —137 C—T substitution in 46 local Iraqi goats. It showed that
these sites were significantly associated with milk yield, milk composition and reproductive
efficiency. The AA genotype at the exon-2 A—G locus was the predominate and consistently
yielded the highest levels of milk production and reproductive performance, including higher
percentages of milk fat and protein and earlier reproductive maturity. The TT genotype at the
promoter —137 C—T locus produced a similar plan increased milk yield and composition as well
as improved reproductive indices, though the effect sizes were slightly lower than the coding
mutation described above. Both loci were in Hardy-Weinberg equilibrium. It can indicate stable
inheritance and suitability for selection. In summary, these findings suggest that structural and
regulatory polymorphisms in Visfatin can be used as molecular markers to improve goat
production. The integration of these markers into breeding programs represents a useful and
practical method for increased milk production and fertility without sacrificing the advantages of
indigenous herds. This work therefore connects Iraqi goat breeding with the emerging capacity

for genomic selection, and presents an important model for other small ruminant populations.
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