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Abstract  

The present research was carried out at the Ruminants Research Station of the 

General Authority for Agricultural Research / Ministry of Agriculture in Abu 

Ghraib for the period from 15/2/2025 to 15/9/2025 investigated genetic variation 

in the BMP15 gene and its relationship to litter size (number of kids) in does from 

Northern Iraq. Blood samples were collected from 60 does, which were divided into 

two groups (high and low prolificacy) based on their reproductive history. Using 

PCR-RFLP, SSCP, and DNA sequencing, the study identified several variants in the 

BMP15 gene, including the FecXI and FecXH mutations as well as novel mutations. 

The results showed a highly significant association between these polymorphisms 

and litter size (p < 0.001). Carrying a single copy of the heterozygous genotype was 

associated with increased litter size; litter size increased by 0.56 kids in the 

presence of the FecXI (g.321C>T) and FecXH (g.528G>T) mutations. Bioinformatic 

analysis and structural protein modeling of the affected functional regions 

indicated that most of the examined mutations induce structural changes in the 

resulting protein. According to the integrated statistical model, genetic effects 

accounted for 65% of the total phenotypic variance. These findings provide 

valuable data for breeding and genetic improvement programs and indicate that 

genomic markers can enhance the reproductive efficiency of goats. 
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1. Introduction

known 

for their great adaptability to arid and semi-arid 

environmental conditions in Iraq. The 

and meat quality. 

As well as any other local breeds, reproductive 

efficiency of the animals in 

litter 

size and ovulation rate. The gene is a part of the 

TGF-β superfamily and is essential for 

Persani et al., 2014). 

BMP15 mutations are known to be tightly associated 

with increased 

The BMP15 gene is situated on the X chromosome and 

is expressed in oocytes at all follicular 

the world, 

there are few studies that describe the frequency of 

alleles and genetic effect of these 

characterizing the polymorphism of 

the BMP15 gene in local Iraqi does and determining 

its 

2. Materials and Methods 

2.1 Animals and phenotypes 

A total of 60 clinically healthy, multiparous local does 

were sampled, selected from flock records 

groups based 

on their reproductive efficiency: a higher-prolificacy 

group (n = 30) comprising 

comprising does with singleton births 

only. Litter size at birth (expressed as live-born kids 

per 

recorded. Animals were managed under a [semi-

intensive / extensive] system with routine 

2.2 Blood sampling and DNA extraction 

A 5 mL sample of jugular blood was collected into K2-

EDTA tubes, transported on ice, and 

Tissue Kit, incorporating an 

RNase A digestion step. DNA integrity was verified 

on 1.5% 

2.0), and concentration was determined via Qubit 

4.0 fluorometer. The DNA was diluted to a 

2.3 Reference sequence and primer design 

The caprine BMP15 reference sequence (GenBank 

EU743938.1) and the current Capra hircus 

primer 

specificity was checked with NCBI Primer-BLAST. 

Goat-specific primers were designed 

DELL
Typewritten text
331



Tuama / Science Forum (Journal of Pure and Applied Sciences) 26 (2026) 

    

Reactions (25 µL) contained 50 ng DNA, 12.5 µL 2× 

HotStart Taq Master Mix, 1 µL of each 

min; 35 cycles of 

94 °C for 30 s, optimized annealing for 30 s, and 72 

°C for 45 s; followed by a 

bp DNA ladder. 

2.5 Genotyping: PCR-RFLP, SSCP, and sequencing 

Restriction enzymes were selected using the 

NEBcutter tool based on the goat sequence for each 

targeted variant of interest (e.g., HinfI, which was 

utilized for exon 2 in Egyptian goats; Heikal & Abd El 

Naby, 2017). Digestion products were resolved by 

electrophoresis on 3% MetaPhor agarose gels. To 

screen for unknown genetic variants, PCR products 

were additionally analyzed via single-strand 

conformation polymorphism (SSCP) using 10% non-

denaturing polyacrylamide gels at 4 °C, followed by 

silver staining visualization. Given that restriction 

digestion and SSCP screening can potentially miss 

certain variants (Heikal & Abd El Naby, 2017), all 

variant-positive and ambiguous samples, along with a 

random subset of wild-type samples, were further 

subjected to direct Sanger sequencing using the 

BigDye Terminator v3.1 Cycle Sequencing Kit on an 

ABI 3500 Genetic Analyzer. Chromatograms were 

aligned and manually inspected using BioEdit and 

MEGA X software (Kumar et al., 2018). Novel 

identified variants will be submitted 

2.6 Target variants and fragment length 

this size 

of fragment. Known ovine variants were used as 

screening targets; the presence, 

2.7 In silico analysis 

Pathogenicity of missense variants was predicted 

with PolyPhen-2 (Adzhubei et al., 2010), SIFT 

both wild-type 

and mutant BMP15 proteins were generated utilizing 

SWISS-MODEL 

inspection and rendering in PyMOL and UCSF 

Chimera. Furthermore, sequence conservation 

Genotype and allele frequencies were obtained by 

direct counting. Hardy–Weinberg equilibrium 

information 

content (PIC) (Botstein et al., 1980) were computed, 

and linkage disequilibrium 

distribution were evaluated 

using Fisher's exact test. 
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where G is the genotype effect, P is parity, A is age, 

and S is kidding season, with Tukey–

sensitivity analysis because 

litter size represents count data. 

are 

reported with 95% confidence intervals. Statistical 

power calculations conducted via 

threshold of alpha = 0.05. The 

constraints associated with this cohort size are 

further elaborated 
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Figure 2. Comparative distribution of BMP15 polymorphisms between high- and low-

The FecXI and FecXH mutations significantly affected litter size (p < 0.001, Table 3). For FecXI 

 

Table 3. Effect of BMP15 genotypes on litter size 
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Figure 3. Effect of BMP15 polymorphisms (g.321C>T and g.528G>T) on litter size (LSM ± 

Comparative sequence alignment showed that key 

amino acid places stay very similar across 

haplotype reconstruction to identify 

five BMP15 variants. The maternal BMP15 versions 

that 

0.07 and 1.91 ± 0.06 respectively. These averages are 

higher, than the BMP15 counterpart, 

This study identifies genetic variations in the BMP15 

gene in local goat populations and 

of goat reproduction. 

Five BMP15 gene variants have been identified, which 

include two known 

increases the number of kids per litter by 

0.56 on average. The results of the research 

correlate 

FecXI and FecXH mutations in sheep (Galloway et al., 

2000) and with the positive correlation 

Bioinformatic forecasts indicate that the detected 

mutations exert substantial functional 

the scores of 

PROVEAN (-3.92 to -6.12) (Choi et al., 2012) and 

PolyPhen-2 (0.915 to 0.996) 

Analysis of evolutionary conservation found that the 

affected amino acids are 100% conserved in 

these 

residues throughout evolution. Haplotype analysis also 

found associations with higher litter 
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Adding genetic variations and environmental factors 

into the regression model increased its 

At the same time, the small sample size justifies the 

need for further validation of these markers 

variance. 

Similar impact of parity on litter size in other goat 

populations has been also reported 

These results suggest that the BMP15 gene is 

exerting considerable effects on prolificacy and 

DELL
Typewritten text
336



Tuama / Science Forum (Journal of Pure and Applied Sciences) 26 (2026) 

    

DELL
Typewritten text
337


	Figure 2. Comparative distribution of BMP15 polymorphisms between high- and low-prolificacy local goats

