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ABSTRACT 
Polymorphisms of candidate genes BMP15 and GDF9, GH and CAST that influence fecundity, 
growth, and carcass traits, respectively, were studied in two Ghanaian sheep breeds to determine 
whether these breeds were polymorphic or monomorphic at the above gene loci. DNA was extract-
ed from blood samples collected from 63 Sahel and 49 Djallonké sheep and analyzed by polymer-
ase chain reaction – restriction fragment length polymorphism (PCR-RFLP) technique. Re-
striction enzyme digestion of the BMP15-FecXB locus revealed two genotypes (AA and AB) in both 
populations with genotype AA recording the highest frequency in both populations. At the BMP15- 
FecXG locus, genotype Gg had the highest frequency (0.548) in the Djallonké population whereas 
GG frequency (0.719) was the highest in the Sahel population. Analysis of GDF9-FecGH with 
DdeI endonuclease also revealed two genotypes, AA and AB in both populations with the genotypic 
frequency of AA being the highest in both populations (Sahel= 0.933 and Djallonké= 0.98). At the 
GH gene locus, restriction digestion with HaeIII showed three genotypes (AA, AB, BB), with geno-
type AB recording the highest frequency in both populations. In addition, PCR-RFLP analysis at 
the CAST-MspI gene locus showed three genotypes (MM= 0.048, MN= 0.919, NN= 0.032) in the 
Sahel population whereas only two genotypes (MM= 0.367, MN= 0.633) were observed in the Djal-
lonké population. Results from this study showed that the selected candidate genes were polymor-
phic in the two studied sheep breeds of Ghana. These results will form the basis for candidate gene 
association studies in the two sheep breeds. 
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INTRODUCTION 
The enhanced understanding of the molecular 
basis of phenotypic variation in natural popula-
tions remains an important foundation, yet elu-
sive goal of evolutionary and developmental 
genetics (Erickson et al., 2004; Fitzpatrick et al., 
2005). The increasing availability of genomic 
resources and cost-effective molecular profiling 
techniques have improved the likelihood of iden-
tifying genes responsible for these phenotypic 
variations (Gratten et al., 2007). The knowledge 

of polymorphisms in genes influencing special 
traits, and the understanding of the biological 
effects of these variations, will enable genomic 
data to be applied most effectively and efficient-
ly in the selection of animals and breeding pro-
grammes (Nanekarani and Goodarzi, 2014). 

Candidate gene polymorphism has become an 
important subject of study to better understand 
the phenotypic variations observed in natural 
populations. He et al. (2010) and Barakat et al. 

81 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 

https://dx.doi.org/10.4314/gjansci.v14i1.9  

mailto:cadenyo@ug.edu.gh
https://dx.doi.org/10.4314/gjansci.v14i1.9


Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

(2017) have outlined the candidate genes associ-
ated with fecundity (prolificacy) traits and their 
mutations in Chinese goats and Egyptian sheep 
breeds respectively. Sheep have been used as a 
model species for research into the genes in-
volved in mechanisms that control the rate of 
ovulation (Polley et al., 2009). Furthermore, 
substantial evidence has been reported after vast 
investigations carried out on the genetic varia-
tions which have been linked with ovulation rate 
in sheep (Bindon et al., 1996). 

Reproduction is seen as a complex process 
(Drouilhet et al., 2009), and traits like rate of 
ovulation and litter size are regulated genetically 
by a set of different genes collectively known as 
fecundity genes (Fec genes) (Davis et al., 1982; 
Piper and Bindon, 1983). Booroola gene (FecB)  
was the first main gene for prolificacy in sheep 
to be identified preceding the discovery of these 
fecundity genes (Polley et al., 2009). Three 
genes associated with fecundity traits were dis-
covered in sheep. These include Growth differ-
entiation factor 9 (GDF9) also known as FecG, 
Bone morphogenetic protein receptor type 1B 
(BMPR1B) or activin-like kinase 6, known as 
FecB and Bone morphogenetic protein 15 
(BMP15) called FecX (Galloway et al., 2000; 
Souza et al., 2001; Hanrahan et al., 2004). Mu-
tations in these fecundity genes have been re-
ported to be associated with the alteration in the 
rate of reproductive processes including litter 
size, fertility, and rate of ovulation (Polley et al., 
2009). 

The main aim of sheep production is for one or 
more of the following purposes: wool, milk, and 
meat (El Fiky et al., 2017). However, all the 
breeds of sheep in Ghana are kept for meat and 
therefore growth and carcass composition are of 
commercial importance for mutton production. 
In breeding programmes for meat purposes, ani-
mals with high genetic merits in terms of growth 
and body measurements are of top priority 
(Singh et al., 2015). This implies that growth 
traits are essential to sheep production with con-
sumers having preference for animals with in-
creased weight and low body fat. This has great-
ly impacted sheep rearing to ensure an increase 
in the size and weight of the animal. The rapid 
growth of lambs to reach market weight at a 
much younger age implies a shorter feeding 

duration and less risk of death loss. The function 
of the growth hormone (GH) gene has been ob-
served in many tissues, including muscle, bone, 
and adipose tissues (Kumari et al., 2014) all of 
which translate to increased body weight and 
size.  

Meat quality improvement and meat tenderness 
have been a top priority for the meat industry 
and primary indicators of consumers’ prefer-
ences, respectively (Morgan et al., 1991). To aid 
solve the issue of variations in the tenderness of 
meat, a lot of studies on the inheritance of meat 
tenderness traits such as the activity of cal-
pastatin, have been documented (Marshall, 
1994; Bertrand et al., 2001; Riley et al., 2003). 
Asadi and Khederzadeh (2015) identified the 
calpastatin (CAST) gene as an important func-
tional candidate gene for the formation of mus-
cle, degradation, and tenderness of meat after 
slaughter. 

The identification of polymorphism of these 
genes in Ghanaian sheep breeds specifically the 
Djallonké (WAD) and the Sahelian sheep 
(WALL) would be a major step to an under-
standing of their association with growth and 
reproductive traits, thereby providing essential 
information for developing marker-assisted se-
lection (MAS) studies which will promote and 
enhance selection and breeding of sheep in Gha-
na. 

Moniruzzaman et al. (2014) outlined that as 
most of the traits considered in animal genetic 
improvement programmes are quantitative traits, 
selection is based on phenotypes for classical 
and conventional breeding. Animal breeding in 
Ghana, with minimal impact of molecular genet-
ics, has heavily relied on these classical and 
conventional breeding methods without 
knowledge of which genes influence traits that 
are being selected for. There is hence the need to 
improve on the knowledge of the molecular ge-
netic basis of traits and the genetic polymor-
phisms associated with such traits that are im-
portant in sheep breeding in Ghana to ensure 
effective and efficient breeding programmes. 

This study, therefore, sought to identify poly-
morphism at the FecXG and FecXB loci for the 
BMP15 gene, and the GDF9-FecGH locus and 
their frequencies, the genetic variability of the 
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CAST gene and growth hormone (GH) gene in 
the WAD and WALL.  
 
MATERIALS AND METHODS 
Sampling and Extraction of Genomic DNA 
A total of 112 unrelated sheep (Djallonké, n = 49 
and Sahelian, n = 63) were sampled from three 
parts of Ghana: the northern (Bawku, Bolgatan-
ga, Pong-Tamale, Walewale), middle belt (Ejura 
municipal, Atebubu) and the southern part 
(Amrahia and its environs). Five millilitres of 
venous jugular blood was collected into vacu-
tainer tubes containing EDTA and stored at -20°
C. Genomic DNA extraction was later carried 
out using the QIAGEN® blood and tissue kit 
according to the manufacturer’s protocol. 
 
PCR Analysis 
Polymerase chain reaction (PCR) was done un-
der optimised conditions to amplify the target 

regions of the genes in this study. Amplified 
products were subsequently digested with re-
striction enzymes (Table 1). A total reaction 
volume of 10 μL for each sample containing 5 
μL of AmpliTaq Gold™ 360 Master Mix 
(Thermo Fisher Scientific, Foster City, CA), 3 
μL UltraPure™ DNase/RNase-Free distilled 
water, 0.5 μL each of forward and reverse pri-
mers and 20 ng of DNA was prepared. 
 
RFLP Analysis 
For the restriction fragment length polymor-
phism conditions, 3.8 µL of DNase/RNase–free 
water and 0.2 µL of restriction enzyme for 
FecXG, CAST, GH loci and 3.65 µL of DNase/
RNase–free water and 0.35 µL of restriction 
enzyme for FecXB and FecGH were used. The 
addition of 1 µL of 1x buffer and 5 µL of PCR 
product led to a total reaction volume of 10 µL 
for each locus. The mixture was incubated at 

Gene Locus 
Fragment 
Size (bp) 

Forward and Reverse Primers (5'-3') R.E. Reference 

 BMP15 FecXG 141 CACTGTCTTCTTGTTACTGTATTTCAATGAGAC Hinf1 Hanrahan et 
al., 2004 
  

GATGCAATACTGCCTGCTTG 

FecXB 153 GCCTTCCTGTGTCCCTTATAAGTATGTTCCCCT
TA 

DdeI Hanrahan et 
al., 2004 
  TTCTTGGGAAACCTGAGCTAGC 

GDF9 FecGH 139 CTTTAGTCAGCTGAAGTGGGACAAC DdeI Hanrahan et 
al., 2004 
  

ATGGATGATGTTCTGCACCATGGTGTGAAC-
CTGA 

 CAST   622 TGGGGCCCAATGACGCCATCGATG MspI Nanekarani and 
Goodarzi. 2014 
  

GGTGGAGCAGCACTTCTGATCACC 

 GH   422 GGAGGCAGGAAGGGATGAA HaeIII Kuulasma, 
2002; Hua et 
al., 2009 

CCAAGGGAGGGAGAGACAGA 

R.E. – Restriction Enzyme 

Table 1:  Primers for selected candidate gene loci in sheep 

Locus 
Initial  

Denaturation 
Denaturation Annealing Extension Final Extension 

No. of  
cycles 

FecXG  94ºC for 5 mins 94ºC for 30 sec 63ºC for 40 sec  72ºC for 30 sec  72ºC for 10 mins 40 

FecXB  95ºC for 5 mins 94ºC for 30 sec 64ºC for 40 sec  72ºC for 30 sec  72ºC for 5 mins 45 

FecGH  94ºC for 5 mins 94ºC for 30 sec  62ºC for 40 sec  72ºC for 30 sec  72ºC for 4 mins  45 

CAST  95ºC for 5 mins 95ºC for 30 sec  62ºC for 45 sec  72ºC for 1 min  72ºC for 10 mins  40 

GH  95ºC for 5 mins 95ºC for 45 sec  60ºC for 45 sec  72ºC for 45 sec  72ºC for 10 mins  33 

Table 2: Optimised PCR conditions 
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37ºC for 1 hour for all the loci. The restriction 
enzymes HinfI, MspI and HaeIII were inactivat-
ed at 80ºC for 20 mins while DdeI was inactivat-
ed at 65ºC for 20 mins.  The products of diges-
tion were run on 2% agarose gel stained with 
Gel-red. Electrophoresis was carried out at 100V 
for 30 mins and the products were visualised by 
exposure to ultraviolet light. 
 
Statistical Analysis 
The allelic frequencies, genotypic frequencies, 
observed heterozygosity, expected heterozygosi-
ty, and Chi-square test to analyse the deviation 
from Hardy-Weinberg equilibrium (HWE) were 
estimated using GenAlEx 6.5 genetic analysis 
software programme (Peakall and Smouse, 
2012). 
 
RESULTS AND DISCUSSION 
BMP15-FecXB 
Restriction enzyme digestion of the amplified 
153 bp PCR products (Plate 1) of all samples in 
this study with DdeI revealed two genotypes: 
homozygote AA and heterozygote AB. Geno-
type AA had 122 bp and 30 bp (Plate 1) while 
genotype AB had two fragments with lengths 
153 bp and 122 bp (Plate 2). 

Higher allele A frequency was recorded in both 
populations (0.944 in Sahel and 0.959 in Djal-

lonké), with allele B frequency of 0.056 and 
0.041 in Sahel and Djallonké respectively (Table 
3).  

Plate 1: 2% agarose gel electrophoresis image 
for PCR product of FecXB showing amplifica-
tion of 153 bp product on the left-hand side of 
the 50 bp DNA ladder (M). PCR products of 
FecXB digested with DdeI. Lane 10 – 13 shows 
AA genotype on the right-hand side of the 
DNA ladder. 

Plate 2:  PCR products of FecXB digested with DdeI. Lane M is 50 bp DNA ladder. 
  Lane 103 (shown by arrow) shows AB genotype 
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Genotypes AA and AB recorded in both popula-
tions in this study were consistent with results by  

Jemmali (2017) who also indicated two geno-
types in Barbarine sheep: heterozygote AB (153 
bp, 123 bp) and AA homozygote (123 bp, 30 
bp). This could be attributed to reports that carri-
ers of the homozygous mutation (BB) are infer-
tile (Galloway et al., 2000; Hanrahan et al., 
2004). According to Jemmali (2017), due to se-
lection for prolificacy in Tunisian national pro-
lific ewes programme with the aim of establish-
ing a prolific population, the frequency of the A 
allele increased in the Barbarine strain. With 
heterozygote ewes found to have an elevated 
rate of ovulation (Davis, 2004) which could in-
fluence litter size and thus prolificacy, the selec-
tion for prolific ewes could have inadvertently 
led to genotype AA and AB being recorded. The 
results of this study, however, were not in agree-
ment with the work by Mohamed et al. (2020) 
who reported monomorphism where only the 
genotype AA (wild type) (122 bp, 31 bp) was 
identified in Watish Sudanese desert sheep. Fur-
thermore, DinÇel et al. (2018) only reported 

genotype AA (wild type for FecXB mutation) in 
Chios (Sakiz) sheep, a breed which according to 
Avdi & Chemineau (1998) has a prolificacy of 
2.04 ± 0.77 in Spring and 2.13 ± 0.85 in Autumn 
while Ligda et al. (2000) and El-Nakhla et al. 
(2002) both reported 1.9. Also, results from 
Shokrollahi (2015) in Markhoz goats and 
Barakat et al. (2017) in Egyptian sheep breeds 
(only genotype AA was found) reported mono-
morphism at the BMP15-FecXB locus. Sithi 
Marjitha et al. (2015) reported in Nilagiri sheep, 
a breed that has also been reported by Chaudhari 
et al. (2019) of having prolificacy of 1.14 ± 0.07 
for wild type (++) of the FecB gene and 1.34 ± 
0.07 for B+ carriers. Karsli et al. (2012) also 
found Akkaraman and Awassi sheep breeds 
were also monomorphic. These breeds have pro-
lificacy of 1.27 (Güngör et al., 2019) in the Ak-
karaman and a prolificacy range of 1.02 – 1.12 
(Juma and Alkass 2005) in the Awassi sheep 
breed. The Sahel breed has a prolificacy between 
1.01 – 1.13 (Mbah et al., 1988; Wilson 1988) 
and the Djallonké breed is 1.15 (Hagan et al., 
2022). It is imperative to further investigate the 

Loci 
  

FecXB 
Breed N 

Genotypic  
Frequency 

  

Allelic  
Frequency 

  Ho He χ2 p Significance 

AA AB BB A B 

 Sahel 62 0.887 0.113 0 0.944 0.056 0.113 0.107 0.222 0.638 ns 

 Djallonké 49 0.918 0.082 0 0.959 0.041 0.082 0.078 0.089 0.766 ns 

FecXG     GG Gg gg  G g           

  Sahel 57 0.719 0.281 0 0.86 0.14 0.281 0.241 1.519 0.218 ns 

  Djallonké 42 0.452 0.548 0 0.726 0.274 0.548 0.398 5.971 0.015 ** 

FecGH     AA AB BB A B           

  Sahel 60 0.933 0.067 0 0.967 0.033 0.067 0.064 0.071 0.789 ns 

  Djallonké 49 0.98 0.02 0 0.99 0.01 0.02 0.02 0.005 0.942 ns 

CAST     MM MN NN M N           

  Sahel 62 0.03 0.92 0.05 0.492 0.508 0.919 0.5 43.663 0 ** 

  Djallonké 49 0 0.633 0.367 0.316 0.684 0.633 0.433 10.490 0.001 ** 

GH     AA AB BB A B           

  Sahel 63 0.063 0.873 0.063 0.5 0.5 0.873 0.5 35.063 0 ** 

  Djallonké 49 0.204 0.735 0.061 0.571 0.429 0.735 0.49 12.25 0 ** 

**: significant    ns: non-significant 

Table 3:  Allelic and Genotypic Frequencies, Observed (Ho) and Expected (He)  
  Heterozygosity, Chi-Square Test Values for HWE of the various Loci 
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effect of these polymorphisms on the prolificacy 
of the Ghanaian breeds. 

Genetic diversity, which is low in most of the 
populations of foreign breeds indicated above, 
forms the basis for resilience and persistence in 
any population. Reductions in population size 
and lack of gene flow can result in reduced ge-
netic diversity, reproductive fitness, and a lim-
ited ability to adapt to changes in the environ-
ment thereby increasing the risk of extinction 
(Furlan et al., 2012). 

The chi-square values for both populations sug-
gest that they were not significantly different. 
This suggests that both populations in this study 
were not deviating significantly from HWE for 
BMP15-FecXB gene locus. High heterozygosity 
observed in both populations also indicated high 
genetic variability. 
 
BMP15-FecXG 
A 141 bp region was amplified from the BMP15
-FecXG locus in both populations. Restriction 
enzyme digestion with the HinfI endonuclease 
revealed genotypes GG (141 bp) and Gg (141 bp 
and 111 bp) (Plate 3) with the absence of geno-
type gg. 
Genotype GG frequency was the highest in the 

Sahel population, however, genotype Gg was 
the highest in the Djallonké population (Table 
3).  

The Ho and He values (Table 3) for the Sahel 
population were 0.281 and 0.241 respectively, 
while the χ2 value for this population was 1.519 
(p = 0.218). The Djallonké population, however, 
had Ho, He and χ2 values of 0.548, 0.398 and 
5.971 (p = 0.015) respectively. 

The absence of genotype gg in both populations 
in this research could be associated with reports 
by Hanrahan et al. (2004) who indicated that 
homozygote carriers at the FecXG locus are 
known to be sterile in Belclare and Cambridge 
sheep. Findings from this study were consistent 
with studies by Chu et al. (2007), Elkorshy et al. 
(2013), Barakat et al. (2017) and Asharani et al. 
(2018) who also reported genotypes G+ (141 bp 
and 111 bp) and genotype ++ (111 bp). This 
study, however, conflicted with findings by 
Zhang et al. (2011) and Nadri et al. (2016) who 
reported all three genotypes: GG (141 bp), G+ 
(141 bp and 111 bp) and genotype ++ (111 bp) 
in Small Tailed Han sheep from Yellow River 
Valley of China and Mehraban and Lori sheep 
breeds respectively. Kasiriyan et al. (2009) and 
Singh et al. (2019), however, reported that the 

Plate 3 Left: Agarose gel image for PCR product of FecXG showing amplification of 141 bp (left 

of DNA ladder). M: 100 bp DNA ladder. Right: Gel image of restriction digest of the amplified 

region of Sahel and Djallonké BMP15-FecXG locus. Lanes 66 & 67: Gg, Lane 54 – 65: GG geno-
types 
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HinfI PCR-RFLP assay revealed only the GG 
genotype (141 bp) in Muzzafarnagari sheep and 
Sangsari sheep breeds, thus finding these breeds 
to be monomorphic. Polley et al. (2010), Sithi 
Marjitha et al. (2015), Bahrami et al. (2018), 
DinÇel et al. (2018) and Pineda et al. (2018) 
found only the ++ genotype in the Garole breed, 
Nilagiri, Hisari, Chios and Colombian Creole 
breeds, respectively. 

The higher allele G frequency recorded in both 
populations which could be attributed to the 
absence of the gg genotype was consistent with 
findings by Chu et al. (2007), Zhang et al. 
(2011), Barakat et al. (2017) and Asharani et al. 
(2018) who all reported higher allele G frequen-
cy. Findings from this study, however, were not 
in agreement with Elkorshy et al. (2013) and 
Asharani et al. (2018) who obtained higher al-
lele g frequency. 

The high genotype Gg frequency in the Djal-
lonké population obtained in the study was con-
sistent with results reported by Chu et al. 
(2007), Zhang et al. (2011), Elkorshy et al. 
(2013) and Barakat et al. (2017). Reports from 
Hanrahan et al. (2004) indicated that Belclare 
and Cambridge sheep homozygote recessive at 
the FecXG and FecXB loci were found to be ster-
ile, however, heterozygote individuals had high-
er ovulation rates. 

The χ2 values obtained suggest Sahel population 
was in Hardy-Weinberg equilibrium whereas the 
Djallonké population significantly deviated from 
HWE. There was genetic variability in both pop-
ulations based on the observed and expected 
heterozygosity.  
 
Growth Differentiation Factor 9 - FecGH 
The PCR products of the GDF9-FecGH locus 
with a size of 139 bp (Plate 4) digested with 
DdeI showed two genotypes AA (108 bp and 31 
bp) and AB (139 bp, 108 bp and 31 bp) were 
present in both populations in this study (Plate 
5). 

The genotype AA frequency was higher in both 
populations. The Sahel population had AB fre-
quency of 0.067 and AA frequency was 0.933. 
Genotype AB frequency was 0.02 and AA fre-
quency of 0.98 in the Djallonké population.   

The Ho and He values shown in Table 3 above 
for the Sahel population were 0.067 and 0.064 
respectively, while the χ2 value in this popula-
tion was 0.071 (p = 0.789). The Djallonké popu-
lation, however, had Ho, He and χ2 values of 
0.020, 0.020 and 0.005 (p = 0.942) respectively. 
The χ2 values obtained in both populations sug-
gests that both populations did not significantly 
deviate from HWE. 

The genotypes (AA and AB) recorded in this 
study were also reported by Barakat et al. (2017) 
in Rahmani, Barki and Ossimi breeds in Egypt. 
However, these findings did not agree with 

Plate 4: Gel image for PCR product of FecGH 
showing amplification of 139 bp. M: 50 bp 
DNA ladder. 

Plate 5: RFLP analysis of the amplified re-
gion of Sahel and Djallonké for GDF9-FecGH 
locus digested with DdeI. Lane M: 50 bp DNA 
ladder. Lanes 33, 37, 39 & 48: AB, Lane 31 – 
32, 34-36, 38, 40-47 & 50: AA genotypes 
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those of Mohamed et al. (2020) who recorded 
only one restriction fragment identified as the 
wild type denoted by ++ (AA in this study) with 
fragment sizes 108 bp and 31 bp in both single 
litter and multiple litter Watish Sudanese Desert 
ewes. The absence of the BB genotype in both 
populations in this study could be attributed to 
the fact that this genotype has been reported to 
be lethal or sterile (Barakat et al., 2017).  

The higher genotype AA frequencies recorded in 
this study agreed with studies by Mohamed et al. 
(2020) in Watish Sudanese Desert sheep and 
Barakat et al. (2017) who reported higher geno-
type AA frequency in Barki, Ossimi and Rahma-
ni sheep breeds. They indicated the genotypic 
frequency of AB and AA were 0.22 and 0.78 
respectively for Barki, 0.46 and 0.54 for Ossimi, 
0.36 and 0.64 for Rahmani. The findings in this 
study were consistent with reports by Barakat et 
al. (2017) and Mohamed et al. (2020) who indi-
cated higher allele B frequency. Homozygous 
individuals of FecGH were also reported to be 
sterile in the Cambridge sheep breed (Hanrahan 
et al., 2004). 

The Ho and He values for the Sahel population 
were 0.067 and 0.064 respectively, while the Chi
-square (χ2) value for this population was 0.071 
(p= 0.789). The Djallonké population, however, 
had Ho, He and χ2 values of 0.020, 0.020 and 
0.005 (p= 0.942), respectively. This implies that 
both populations were in HWE for the GDF9-
FecGH gene locus. 

 
Calpastatin (CAST) gene 
A 622 bp fragment was amplified from the 
CAST locus in both populations (Plate 6). Re-
striction enzyme digestion with the MspI 
showed alleles M and allele N with NN (336 bp 
and 286 bp), MN (622 bp, 336 bp and 286 bp), 
and MM (622 bp) genotypes (Plate 6 and 7). All 
three genotypes were observed in the Sahel pop-
ulation, however, the Djallonké population had 
only genotypes MN and MM.  

The frequency of allele N was higher than the 
allele M in the Djallonké population (M = 0.316 
& N = 0.684) and the Sahel population (M = 
0.492 & N = 0.508) in this study (Table 3). 
 

Plate 6 (left): Gel image for PCR product of CAST showing amplification of 622 bp. M: 100 bp 
DNA ladder. Right: Genotyping of CAST gene. Lane 16 and 17: NN genotype Sahels 
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An observed heterozygosity (Ho) of 0.919 and 
an expected (He) heterozygosity of 0.5 were rec-
orded for the Sahel population with a χ2 value of 
43.663 (p = 0). In the Djallonké population, the 
Ho, He and χ2 values were 0.633, 0.433 and 
10.490 (p = 0.001), respectively.   

The observed genotypes (MM, MN, NN) in the 
Sahel population were consistent with studies by 
Palmer et al. (1998) in 22 unrelated Corriedale 
rams, Eftekhari Shahroudi et al. (2006) in Irani-
an Karakul sheep, Suleman et al. (2012) in Lohi 
and Kajli breeds and Gorlov et al. (2015) in So-
viet Merino. Mohammadi et al. (2008) in Arabic 
sheep and Asadi and Khederzadeh (2015) in 
Lori sheep also reported the genotypes AA, AB, 
and BB (corresponding with genotypes MM, 
MN and NN in this study). However, this study 
is not in agreement with study by Gábor et al. 
(2009) in Slovakian breeds and Gorlov et al. 
(2015) who worked on the Salsk breed recorded 
only genotype MM (fragments 336 bp and 287 
bp) and genotype MN (fragments: 622 bp, 336 
bp, 287 bp). The NN genotype was not present 
in work by Eliasi et al. (2005) in the Ghezel x 
Arkharomerino and Arkharomerino sheep 
breeds. 

The CAST gene locus was found to be polymor-
phic in both the Sahel and Djallonké popula-
tions, which agrees with Suleman et al. (2012) 
in the Pakistani sheep breeds Lohi, Kajli and 
Thalli. This is however not in agreement with 
Bozhilova-Sakova and Dimitrova (2016) who 
reported the CAST gene locus to be monomor-
phic in the Bulgarian Karakachan sheep breed 
(only genotype MM was observed) as did Gábor 
et al. (2009) in purebred Lacaune and East Frie-
sian and Hristova et al. (2015) in Bulgarian 
breed, Local Karnobat where only allele M was 
detected.  

The genotype frequency of MN was found to be 
the highest in both populations indicating high 
genetic variability at the CAST locus within the 
populations and this was consistent with find-
ings by Asadi and Khederzadeh (2015) who also 
found the genotype AB (corresponding with MN 
in the current study) frequency to be the highest 
in Lori sheep. The results obtained in this study, 
however, were not in agreement with that report-
ed in a study by Eftekhari Shahroudi et al. 
(2006) who reported 0.61, 0.36 and 0.03 for gen-
otypes MM, MN and NN, respectively. Another 
study by Mohammadi et al. (2008) also found 

Plate 7: Gel image of CAST genotypes. Lane M: 100 bp ladder. Lane 3, 7, 8, 10: NN genotype 
Djallonké. Lane 1, 2, 4, 5, 6, 9, 11 to 14: MN genotype Sahel. 
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AA genotype frequency to be the highest with 
genotypes AA, AB, and BB (corresponding with 
MM, MN and NN in this study) frequencies be-
ing 0.703, 0.283 and 0.009, respectively. Find-
ings from this study were also not consistent 
with work by Szkudlarek-Kowalczyk et al. 
(2011) who found the MM genotype to have the 
highest frequency (0.56) in the Polish Merino 
sheep with MN and NN having 0.40 and 0.04 
respectively. 

Studies have been carried out by several re-
searchers to find out the association of these 
identified genotypes with phenotypic traits such 
as skin with back fat thickness value, average 
daily gain (ADG), back fat thickness value, live 
weight. Findings by Saeed-ul-Hassan et al. 
(2012) in Balkhi and Kajli sheep indicated that 
individuals carrying the NN genotype of CAST 
gene showed lower live weight averages, howev-
er, individuals carrying the MN genotype 
showed significantly higher average daily gain 
than carriers of the other two genotypes from 
birth to 8 months of age in the Balkhi breed. 
Genotype MN carriers in the Kajli population 
showed higher ADG than the two other geno-
types from birth to 4 months of age. Yilmaz et 
al. (2014) in Kivircik sheep also reported that 
individuals carrying genotype NN of CAST gene 
showed lower ADG, lower back fat thickness 
(BT) and lower skin with back fat thickness 
(S+BT) values. Results from other studies con-
ducted also showed that individuals with geno-

types MM and MN recorded higher performanc-
es in terms of live weight, ADG, and weaning 
weight than genotype NN animals (Sutikno et 
al., 2011; Chung and Davis, 2012). These find-
ings provide an idea of the possible association 
that might exist between the genotypes identified 
in the Djallonké and Sahel populations and per-
formance traits. 

Both populations deviated from the HWE at the 
CAST gene locus. The findings in this study did 
not agree with work by Avanus (2015) in the 
Karakul, Red Karaman, Karayaka, and Imroz 
breeds which were in HWE. However, the 
Hemsin and Kivircik populations deviated from 
HWE at the CAST locus.  
 
Growth Hormone (GH) 
Three different genotypes in both populations 
after restriction enzyme digestion of the 422 bp 
PCR amplicons (Plate 8) were revealed. These 
genotypes included AA (422 bp), AB (422 bp, 
366 bp, 56 bp) and BB (366 bp and 56 bp) (Plate 
9). 

Allele A and allele B frequencies recorded were 
the same in the Sahel population (i.e., A = 0.5, B 
= 0.5) while in the Djallonké population, allele 
A frequency was higher (0.571) than allele B 
(0.429) in this study. The GH gene locus was 
found to be polymorphic in the Sahel and Djal-
lonké populations. The genotype frequencies of 
AA, AB and BB recorded for the GH locus were 

Plate 9: Gel image of GH genotypes. Strands 
with 422 bp for AA genotype (lanes: 81, 83, 
90, 91, 95 & 96), 422 bp and 366 bp for AB 
genotype (lanes: 70-75, 77, 80, 82, 84, 86-89 & 
92-94), and 366 bp for BB (lanes: 76, 78, 79 & 
85). Lane M: 100 bp ladder 

Plate 8: Gel image of GH locus showing am-
plification of 422 bp. M: 100 bp DNA ladder. 
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0.063, 0.873 and 0.063 respectively in the Sahel 
population and 0.204, 0.735 and 0.061 in the 
Djallonké population (Table 3) thus genotype 
AB frequency was the highest in both popula-
tions.  

An observed heterozygosity (Ho) of 0.873 and 
expected (He) heterozygosity of 0.5 were record-
ed for the Sahel population with χ2 value of 
35.063 (p = 0). For the Djallonké population, the 
Ho, He and χ2 values were 0.735, 0.49 and 12.25 
(p = 0). 

The recorded genotypes in this study were con-
sistent with results from studies by Malewa et al. 
(2014) in East Java and Donggala sheep, Abd Al
-Muhsen et al. (2018) in Nuimi and Awassi 
sheep, Mahdi et al. (2018) in Awassi, Hamdani, 
and Karadi sheep breeds in Iraq. The results, 
however, are not consistent with findings by 
Othman et al. (2015) who showed two geno-
types in Egyptian small ruminants which were 
identified as GG (366 and 56 bp), and AG (422, 
366 and 56 bp) (corresponding with BB, and 
AB, respectively in this study). Kumari et al. 
(2014) reported only genotype AA (366 bp and 
56 bp) (corresponding with BB in this study), 
and genotype AB (422 bp, 366 bp and 56 bp) at 
GH-HaeIII (A781G) locus in native Indian 
sheep breeds. 

The equal A and B allelic frequencies in the Sa-
hel population found in this work were not in 
agreement with work by Mahdi et al. (2018), 
however, the higher allele B frequency in the 
Djallonké population agreed with their findings 
in all three breeds which are Hamdani (A= 0.45, 
B=0.55), Awassi (A= 0.15, B= 0.85) and Karadi 
(A= 0.20, B= 0.80). A high allele A frequency 
was, however, reported by Jia et al. (2014) in 
Tibetan sheep (A= 0.8532, B= 0.1468), Small 
Tail Han (A= 0.6607, B= 0.3393) and 1.00 in 
both German Merino and Polled Dorset sheep. 

Genotype AB frequency of 0.735 recorded in the 
Djallonké population for instance could be be-
cause 78.3% (36) of the animals sampled were 
from the Ejura Sheep Breeding Station where 
selection of breeding animals is based on indi-
viduals with high growth trait parameters (e.g., 
birth weight, weaning weight, etc.). This may 
have inadvertently led to a selection bias favour-
ing the AB genotype, however, further studies 

on the association of these identified genotypes 
with growth traits is required. 

Malewa et al. (2014) indicated in their study that 
animals with genotype AA had significantly 
higher weaning weight compared to genotype 
BB while animals with genotype AB recorded 
no significant differences in weaning weight in 
the breeds in their study. Analysis by Hua et al. 
(2009) of GH gene polymorphism also indicated 
that genotype AA had a significant decrease in 
girth of birth chest and weaning weight com-
pared to genotype AB carriers. Al-Muhsen et al. 
(2018) and Malewa (2014), however, reported 
that genotype AA individuals had significantly 
higher weaning weights than genotype BB. 
Awassi breeds with genotype aa (corresponding 
with genotype BB in this study) were found to 
have higher birth weight and weaning weight 
values, however, genotype Aa (AB in this study) 
recorded lower birth weight and weaning weight 
values (Al-Salihi et al., 2017; Abd Al-Muhsen et 
al., 2018). 

The high observed heterozygosity value record-
ed in both populations suggests a high level of 
genetic variability within the two populations. 
The χ2 values in both populations also suggest 
that the populations deviated significantly from 
HWE. 

 
CONCLUSION 
Three genotypes were revealed at the CAST gene 
for the Sahel population but only two genotypes 
in the Djallonké population. At the GH gene 
locus, three genotypes were obtained in both 
populations with genotype AB recording the 
highest frequency. Two genotypes were revealed 
at the FecXB gene, FecXG gene and FecGH gene 
loci. The populations under this study were 
found to have deviated from HWE at the FecXB 
gene locus, FecGH locus and the Sahel popula-
tion at the FecXG locus. 

All the selected candidate genes in this study 
were found to be polymorphic in both the Sahel 
and Djallonké populations sampled across the 
country, indicating a substantial level of genetic 
variability in both populations at the loci ana-
lyzed. The results of this work will necessitate 
further studies to ascertain the association of 
these polymorphisms with traits of economic 
importance. 

91 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 



Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

REFERENCES 

Abd Al-Muhsen, F., SAl-Nassir, H., Mirza, S. 
and Mnati, A. A. (2018). Association of 
growth hormone gene polymorphism with 
birth and weaning weight of Nuimi and 
Awassi sheep at Kerbela province. Journal 
of Biochemical Technology, 9(3): 27. 

Al-Salihi, A. A., Al-Saadi, B. Q. and Al-Anabri, 
N. N. (2017). Genotypes relationship of 
growth hormone gene polymorphism with 
some productive and reproductive traits in 
Awassi sheep. Journal of Biotechnology 
Research Centre, 11(2): 26 – 33. 

Asadi, N. and Khederzadeh, S. (2015). Polymor-
phism of candidate genes for meat quality in 
sheep. Middle East Journal of Scientific 
Research, 23 (9): 2001-2004. 

Asharani, A.D., Appannavar, M.M., Yathis, 
H.M., Hussain, M.S., Kasaralikar, R.V. and 
Surunagi, M.D. (2018). Molecular variants 
of FecB and BMP15 fecundity genes in 
sheep (Ovis aries). International Journal of 
Livestock Research, 8(8): 185-195. 

Avanus, K. (2015). Genetic variability of CAST 
gene in native sheep breeds of Turkey. Kaf-
kas Üniversitesi Veteriner Fakültesi Dergisi, 
21(6): 789-794. 

Avdi, M. and Chemineau, P. (1998). Reproduc-
tive and productive performance in Chios 
ewes mated in spring or in autumn. Repro-
duction Nutrition Development, 38(5): 551-
558. 

Bahrami, Y., Bahrami, S., Rezvannejad, E. and 
Mousavizadeh, S. A. (2018). The polymor-
phism of FecXG region exon 2 of BMP15 
gene in Hisari Sheep. Journal of Genetic 
Resources, 4(1): 7-13. 

Barakat, I., Salem, A. H., Lamina, M., Daoud, 
Niveen, M., Khalil, Wagely, K. B. and 
Mahrous, Karima, F. (2017). Genetic poly-
morphism of candidate genes for fecundity 
traits in Egyptian sheep breeds. Biochemical 
Research, 28(2): 851 – 857. 

Bertrand, J. K., Green, R. D., Herring, W. O. and 
Moser, D. W. (2001). Genetic evaluation for 
beef carcass traits. Journal of Animal Sci-
ence, (E. Suppl): E190-E200. 

Bindon, B. M., Piper, L. R., Hillarda, M. A. and 
Fahmy, M. H. (1996). Prolific sheep. CAB 
International, UK. 

Bozhilova-Sakova, M. and Dimitrova, I. (2016). 
PCR-RFLP analysis of CAST gene in one 
Bulgarian sheep breed, Athens: ATINER’S 
Conference Paper Series, No: AGR2015-
1824. 

Chaudhari, A. B., Ramanujam, R. and Rago-
thaman, V. (2019). Effect of Booroola fe-
cundity (FecB) gene on litter size and scope 
for use in restoration of Nilagiri sheep from 
threatened status. Revista Agrária Acadêmi-
ca, 2(6). 

Chu, M. X., Liu, Z. H., Giao, C. L., He, Y. Q., 
Fang, L., Ye, S. C., Chen, G. H. and Wang, 
G. Y. (2007). Mutations in BMPR-IB and 
BMP-15 genes are associated with litter size 
in Small Tailed Han Sheep (Ovis aries). 
Journal of Animal Science, 85: 598-603. 

Chung, H. and Davis, M. (2012). PCR-RFLP of 
the calpastatin gene and its association with 
growth. Asian Journal of Animal and Veter-
inary Advances, 7: 641 – 652. 

Davis, G. H. (2004). Fecundity genes in sheep. 
Animal Reproduction Science, 82: 247-253. 

Davis, G. H., Montgomery, G. W., Allison, A. 
J., Kelly, R. W. and Bray, A. R. (1982). 
Segregation of a major gene influencing 
fecundity in progeny of Booroola sheep. 
New Zealand Journal of Agricultural Re-
search, 25: 525-529. 

DinÇel, D., ArdiÇli, S., Samli, H. and BalÇi, F. 
(2018). Genotype frequency of FecXB 
(Belclare) mutation of BMP15 gene in Chi-
os (Sakiz) sheep. Uludağ Üniversitesi Veter-
iner Fakültesi Dergisi, 37(2): 87-91. 

Drouilhet, L., Lecerf, F. Bodin, L., Fabre, S., 
Mulsant, P. (2009). Fine mapping of the 
FecL loc influencing prolificacy in Lacaune 
sheep. Animal Genetics, 40: 804-12. 

Eftekhari Shahroudi, F., Nassiry, M. R., 
Valizadh, R., Heravi Moussavi, A., 
Tahmoores Pour, M., and Ghiasi, H. (2006). 
Genetic polymorphism at MTNR1A, CAST 
and CAPN loci in Iranian Karakul sheep. 
Iranian Journal of Biotechnology, 4(2): 117-
122. 

92 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 



Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

El Fiky, Z. A., Hassan, G. M. and Nassar, M. I. 
(2017). Genetic polymorphism detection in 
bone morphogenetic protein 15 (BMP15) 
gene related to fecundity in two Egyptian 
sheep breeds. Biotechnology in Animal 
Husbandry, 33(1): 37-53. 

Elkorshy, N., Mahrous, F. K. and Salem, M. L. 
(2013). Genetic polymorphism detection in 
four genes in Egyptian and Saudi sheep 
breeds. World Applied Science Journal, 27: 
33–43. 

Eliasi, G., Shodja, J. and Nassiry, M. R. (2005). 
Determination of ovine calpastatin gene 
polymorphism using PCR-RFLP. In: pro-
ceedings of the 4th national biotechnology 
conference of Iran. Iran, 110. 

Erickson, D. L., Fenster, C. B., Stenoien, H. K. 
and Price, D. (2004). Quantitative traits lo-
cus analyses and the study of evolutionary 
process. Molecular ecology, 13(9): 2505–
2522. 

Fitzpatrick, M. J., Ben-Shalar, Y., Smid, H. M., 
Vet, L. E. M., Robinson, G. E. and 
Sokolowski, M. B. (2005). Candidate genes 
for behavioural ecology. Trends in Ecology 
Evolution, 20 (2): 96 – 104. 

Furlan, E., Stoklosa, J., Griffiths, J., Gust, N., 
Ellis, R., Huggins, R. M. and Weeks, A. R. 
(2012). Small population size and extremely 
low levels of genetic diversity in island pop-
ulations of the platypus, Ornithorhynchus 
anatinus. Ecology and Evolution, 2(4): 844-
857. 

Gábor, M., Trakovicka, A. and Miluchova, M. 
(2009). Analysis of polymorphism of CAST 
gene  and CLPG gene in sheep by PCR-
RFLP method. Lucrari. Stiintifice. 
Zootehnie si Biotehnologii, 42(2): 470-476. 

Galloway, S. M., McNatty, K. P., Cambridge, L. 
M., Laitinen, M. P., Juengel, J. L., Jokiranta, 
T. S., McLaren, R. J., Luiro, K., Dodds, K. 
G., Montgomery, G. W., Beattie, A. E., Da-
vis, G. H. and Ritvos, O. (2000). Mutations 
in an oocyte-derived growth factor gene 
(BMP15) cause increased ovulation rate and 
infertility in a dosage-sensitive manner. 
Genetics, 25(3): 279-283. 

Gorlov, I. F., Shirokova, N. V., Randelin, A. V., 
Voronkova, V. N., Mosolova, N. I., Zlobina, 
E. Y., Kolosov, Y. A., Bakoev, N. F., Leo-
nova, M. A., Bakoev, S. Y., Kolosov, A. Y. 
and Getmantseva, L. V. (2015). CAST/MspI 
gene polymorphism and its impact on 
growth traits of soviet merino and Salsk 
sheep breeds in the south European part of 
Russia. Turkish Journal of Veterinary and 
Animal Sciences, 40(4): 399-405. 

Gratten, J., Beraldi, D., Lowder, B. V., McRae, 
A. F., Visscher, P. M., Pemberton, J. M. and 
Slate, J. (2007). Compelling evidence that a 
single nucleotide substitution in TYRP1 is 
responsible for coat-colour polymorphism in 
a free-living population of Soay sheep. Pro-
ceedings of the Royal Society B: Biological 
Sciences, 274(1610): 619-626. 

Güngör, Ö. F. (2020). Some production charac-
teristics of Bafra, Akkaraman, Bafra× Akka-
raman F1 and B1 sheep genotypes. Ankara 
Üniversitesi Veteriner Fakültesi Dergisi, 67
(4): 335-342. 

Hanrahan, J. P., Gregan, S. M., Mulsant, P., 
Mullen, M., Davis, G. H., Powell, R., et al. 
(2004). Mutations in the genes for oocyte-
derived growth factors GDF-9 and BMP-15 
are associated with both increased ovulation 
rate and sterility in Cambridge and Belclare 
sheep (Ovis aries). Biology of Reproduc-
tion, 70(4): 900-909. 

Hagan, B. A., Salifu, S., Asumah, C., Yeboah, E. 
D. and Boa-Amponsem, K. (2022). Effects 
of genetic and non-genetic factors on body 
weight, pre-weaning growth, birth type and 
pre-weaning survivability of lambs in a 
sheep nucleus station. Livestock Research 
for Rural Development, 34 (4). 

He, Y., Ma, X., Liu, X., Zhang, C. and Li, J. 
(2010). Candidate genes polymorphism and 
its association to prolificacy in Chinese 
goats. Journal of Agricultural Science, 2(1): 
88. 

Hristova, D., Georgieva, S., and Tanchev, S. 
(2015). Analysis of DNA polymorphism of 
CAST gene in Local Karnobat and Stara 
Zagora sheep breeds. Agricultural Science 
and Technology, 7(1): 36-39. 

93 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 



Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

Hua, G. H., Chen, S. L., Cai, K. L. and Wu, C. J. 
(2009). Polymorphism of the growth hor-
mone gene and its association with growth 
traits in Boer goat bucks. Meat Science, 81
(2): 391-395. 

Jemmali, B. (2017). Screening for Belclare 
(FecXB) mutation of the BMP15 gene in 
Tunisian Barbarine sheep. 

Juma, K. H. and Alkass, J. E. (2005). Native 
goats of Iraq: A review. Dirasat: Agricultur-
al Science, 32(2): 180-188. 

Karslı, T., Şahin, E., Argun Karslı, B., Alkan, S. 
and Balcıoğlu, M. S. (2012). An investiga-
tion of mutations (FecXG, FecXI, FecXH, 
FecXB) on BMP-15 gene in some local 
sheep breeds raised in Turkey. Journal of 
the Faculty of Agriculture of Akdeniz Uni-
versity, 25: 29-33. 

Kasiriyan, M. M., Hafezeyan, H., Sayahzadeh, 
H., Jamshidi, R., Asghari, S. R., Irajeyan, G. 
H. and Buesagh, H. (2009). Genetic poly-
morphism FecB and BMP15 genes and its 
association with litter size in Sangsari sheep 
breed of Iran. Journal of Animal and Veteri-
nary Advances, 8(3): 447-453. 

Kumari, R., Kumar, R., Meena, A. S., Jyotsana, 
B., Prince, L. L. L. and Kumar, S. (2014). 
Genetic polymorphism of growth hormone 
gene in native sheep breeds in India. Indian 
Journal of Small Ruminants (The), 20(2): 15
-18. 

Kuulasma, T. (2002). Oligo explorer. University 
of Kuopio, Kuopio, Finland. 

Ligda, C., Gabriilidis, G., Papadopoulos, T. and 
Georgoudis, A. (2000). Estimation of genet-
ic parameters for production traits of Chios 
sheep using a multitrait animal model. Live-
stock Production Science, 66(3): 217-221. 

Mahdi, Z. M., Hadi, Y. A., Mnati, A. A. and 
Majeed, H. H. (2018). Genetic variation of 
growth hormone gene in Iraqi sheep breeds. 
Biochemical and Cellular Archives, 18
(Supplement 1): 1233-1237. 

Malewa, A. D., Hakim, L., Maylinda, S. and 
Husain, M. H. (2014). Growth hormone 
gene polymorphisms of Indonesia fat-tailed 
sheep using PCR-RFLP and their relation-

ship with growth traits. Livestock Research 
for Rural Development, 26(6): 115. 

Marshall, D. M. (1994). Breed differences and 
genetic parameters for body composition 
traits in beef cattle. Journal of Animal Sci-
ence, 72(10): 2745-2755. 

Mbah, D. A., Ngo Tama, A. C., Abba, D., Ripp-
stein, G. and Tanya, V. N. (1988). The ef-
fect of season on reproduction and mortality 
of Peul sheep in the Sudano-guinean zone of 
Cameroon. INRA. 

Mohamed, S. E. I, Ahmed, R. M., Jawasreh, 
K.I.Z., Salih, M. A. M., Abdelhalim, D. M., 
Abdelgadir, A. W., Obeidat, M. T., Musa, 
L. M. A. and Ahmed, M. A. (2020). Genetic 
polymorphisms of Fecundity Genes in 
Watish Sudanese Desert Sheep. Veterinary 
World, 13(4): 614-621. 

Mohammadi, M., Nasiri, M. B., Alami-Saeid, 
K., Fayazi, J., Mamoee, M. and Sadr, A. S. 
(2008). Polymorphism of calpastatin gene in 
Arabic sheep using PCR-RFLP. African 
Journal of Biotechnology, 7(15). 

Moniruzzaman, M., Khatun, R. and Mintoo, A. 
A. (2014). Application of marker-assisted 
selection for livestock improvement in 
Bangladesh. The Bangladesh Veterinarian, 
31(1):1 – 11. 

Morgan, J. B., Savell, J. W., Hale, D. S., Miller, 
R. K., Griffin, D. B., Cross, H. R. and 
Shackelford, S. D. (1991). National beef 
tenderness survey. Journal of Animal Sci-
ence, 69(8): 3274-3283. 

Nadri, S., Zamani, P. and Ahmadi, A. (2016). 
Novel mutation in exon 1 of the bmp15 
gene and its association with reproduction 
traits in sheep. Animal Biotechnology, 27
(4): 256-261. 

Nanekarani, S. and Goodarzi, M. (2014). Poly-
morphism of candidate genes for meat pro-
duction in Lori sheep. IERI Procedia, 8: 18-
23. 

Othman, E. O., Sally, S. A., Heba, A. M., Abd, 
El-Kader and Omaima, M. A. (2015). Geno-
typing of growth hormone gene in Egyptian 
small ruminant breeds. Biotechnology, 14
(3): 136. 

94 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 



Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

Palmer, B. R., Robert, N., Hickford, J. G. H., 
Bickerstaffe, G. (1998). Rapid communica-
tion: PCR-RFLP for MspI and NcoI in the 
ovine calpastatin gene. Journal of Animal. 
Science, 76(5): 1499- 1500. 

Peakall, R. and Smouse, P.E. (2012). GenAlEx 
6.5: genetic analysis in excel. Population 
genetic software for teaching and research-
an update. Bioinformatics in Press. First 
Published Online July 20, 2012.  

Pineda, R., Montes, D. and Hernandez, D. 
(2018). Association of the polymorphisms 
FecXR, FecGH, and FecGI and non-genetic 
factors that affect the prolificacy of Colom-
bian creole sheep. Indian Journal of Science 
and Technology, 11(17):1-7. 

Piper, L. R. and Bindon, B. M. (1983). The Boo-
roola Merino and the performance of medi-
um non-Peppin crosses at Armidale. Wool 
Technology and Sheep Breeding, 31(1). 

Polley, S., De, S., Batabyal, S., Kaushik, R., 
Yadav, P., Arora, J., S., Chattopadhyay, S., 
Pan, S., Braham, B., Datta, T. K. and Gos-
wami, S. L. (2009). Polymorphism of fecun-
dity genes (BMPR1B, BMP15 and GDF9) in 
the Indian prolific black Bengal goat. Small 
Ruminant Research, 85(2-3): 122-129. 

Polley. S., De, S., Brahma, B., Mukherjee, A., 
Vinesh, P. V., Batabyal, S., Arora, J. S., 
Pan, S., Samanta, A. K., Datta, T.  K. and 
Goswami, S. L. (2010). Polymorphism of 
BMPR1B, BMP15 and GDF9 fecundity 
genes in prolific Garole sheep. Tropical 
Animal Health and Production, 42(5): 985-
993. 

Riley, D. G., Chase, C. C., Hammond, A. C., 
West, R. L., Johnson, D. D., Olson, T. A. 
and Coleman, S. W. (2003). Estimated ge-
netic parameters for palatability traits of 
steaks from Brahman cattle. Journal of Ani-
mal Science, 81(1): 54-60. 

Saeed-ul-Hassan, K., Riaz, M. N., Ghaffar, A., 
& Khan, M. F. U. (2012). Calpastatin 
(CAST) gene polymorphism and its associa-
tion with average daily weight gain in 
Balkhi and Kajli sheep and Beetal goat 
breeds. Pakistan Journal of Zoology, 44(2). 

Shi, H., Bai, J., Niu, Z., Esha, M., Fen, L. and 
Jia, B. (2010). Study on candidate gene for 
fecundity traits in Xingjiang Cele black 
sheep. African Journal of Biotechnology, 9
(49): 8498-8505. 

Shokrollahi, B. (2015). Investigation of BMP15 
gene polymorphisms associated with twin-
ing in Markhoz goat. Biharean Biologist, 9
(1): 1-4. 

Singh, P., Sharma, D., Singh, S. P., Tiwari, M., 
Kumar., A., Pandey, V. and Singh, S. K. 
(2019). Genetic polymorphism study of 
FecXG mutation in exon 2 region of bone 
morphogenetic protein 15 (BMP15) gene in 
Indian Muzzafarnagari sheep breed. Interna-
tional Journal of Livestock Research, 9(8): 
120-125. 

Singh, P. P., Tomar, S. S., Thakur, M. S. and 
Kumar, A. (2015). Polymorphism and asso-
ciation of growth hormone gene with 
growth traits in Sirohi and Barbari breeds of 
goat. Veterinary World, 8 (3): 382-387. 

Sithi Marjitha, I., Rajendran, R., Sudhakar, A. 
and Raja, A. (2015). Screening for Galway 
(FecXG) and Belclare (FecXB) mutations in 
BMP15 gene in Indian Nilagiri sheep. The 
Indian Journal of Small Ruminants, 21(2): 
331-334. 

Souza, C. J., MacDougall, C., Campbell, B. K., 
McNeilly, A. S. and Baird, D. T., (2001). 
The Booroola (FecB) phenotype is associat-
ed with a mutation in the bone morphoge-
netic receptor type-1 B (BMPR1B) gene. 
Journal of Endocrinology, 169(2): R1. 

Suleman, M., Khan, S. U., Naeem Riaz, M., 
Yousaf, M., Shah, A., Ishaq, R. and 
Ghafoor, A. (2012). Calpastatin (CAST) 
gene polymorphism in Kajli, Lohi and Thal-
li sheep breeds. African Journal of Biotech-
nology, 11(47): 10655-10660. 

Sutikno, A., Yamin, M. and Sumantin, C. 
(2011). Association of polymorphism cal-
pastatin gene with body weight of local 
sheep in Jonggol, Indonesia. Media Peter-
nakan, 34(1): 1 – 6. 

Szkudlarek-Kowalczyk, M., Wiśniewska, E. and 
Mroczkowski, S. (2011). Polymorphisms of 

95 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 



Polymorphism of selected candidate genes in Ghanaian sheep breeds Bekoe et al. 

calpastatin gene in sheep. Journal of Central 
European Agriculture. 

Tohidi, R., Elyasi, G., Javanmard, A., Shoja, J., 
Rezaei, R. and Pirahary, O. (2013). Molecu-
lar analysis of ovine calpastatin gene in six 
Iranian sheep breeds using PCR-RFLP. 
Journal of Animal Production Advances, 3
(9): 271-277. 

Wilson, R. T. (1988). The productivity of Sahel 
goats and sheep under transhumant manage-
ment in northern Burkina Faso. Bulletin of 
Animal Health and Production in Africa. 

Yilmaz, O., Cemal, I., Karaca, O. and Ata, N. 
(2014). Association of Calpastatin (CAST) 

gene polymorphism with weaning weight 
and ultrasonic measurements of loin eye 
muscle in  Kıvırcık lambs. Journal of the 
Faculty of Veterinary Medicine, Kafkas 
University, 20(5): 675-680. 

Zhang, C. S., Geng, L. Y., Du, L. X., Liu, Z. Z., 
Fu, Z. X., Feng, M. S. and Gong, Y. F. 
(2011). Polymorphic study of FecX (G), 
FecG (H) and Fec (B) mutations in four 
domestic sheep breeds in the Lower Yellow 
River Valley of China. Journal of Animal 
and Veterinary Advances, 10(17): 2198-
2201. 

96 Ghanaian Journal of Animal Science, Vol. 14 No.1, 2023 


