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Abstract: This study aimed to examine the polymorphism of the BMP15 (FecX® and FecX') and GDF9 (G1 and G4) genes and the
association between genotypes and litter size in the Akkaraman breed. Blood samples were taken from 100 ewes in total. Genomic
DNA was obtained from whole blood. The PCR-RFLP technique was employed to determine the polymorphisms of the genes under
investigation. The G1 was the only polymorphic among the four loci analyzed. The frequencies for the GA and GG genotypes were 0.26
and 0.74, respectively, while the A and G allele frequencies were 0.13 and 0.87, respectively. The observed and expected heterozygosity
values were 0.260 and 0.227, respectively. According to chi—square analysis, the tested Akkaraman population was in Hardy-Weinberg
equilibrium (p > 0.05). The association analyses showed that the genotypic structure did not significantly affect litter size in the
Akkaraman ewes (p > 0.05). However, ewes with one copy of the G1 mutation produced 0.13 more lambs than those without the
mutation (p > 0.05), suggesting that heterozygous ewes have a proclivity to increase litter size, as evidenced by previous studies.
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1. Introduction

The studies in the world of sheep fecundity genes have
been mostly focused on the prolific sheep breeds such as
Loa [1] in North-Iceland, Hu, and Smal-Tail Han in China
[2,3], Garole in the Bangladesh [4]. Those and previous
studies have clearly made a significant contribution to the
understanding of the genetic basis of sheep reproductivity.

In recent years, studies of fecundity genes have intensified
in breeds with low fertility traits, such as Ujimqin and
Mongolia sheep in China [5] and Meghalaya sheep in India
[6]. These studies have revealed that mutations associated
with multiple births can also be found in nonprolific breeds,
as opposed to what is known.

A similar tendency is also observed in some native
Turkish sheep breeds with low litter size, including the
Akkaraman, Awassi, Daglig, Karayaka, Karakas and Norduz
breeds [7-11]. Although they are all low fertility traits,
researchers have provided many valuable known and novel
mutations that could be applied in breeding programs [8,
10-12]. This evidence highlights the importance of studies
conducted on nonprolific sheep breeds. Nevertheless, there
is a great gap in the association studies for both prolific and
nonprolific sheep breeds in Turkey.

The sheep genetic resources of Turkey are composed of
mostly low-fecundity breeds. The total number of domestic
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sheep in Turkey is about 42 million, with Akkaraman sheep
accounting for approximately 45% of the whole population
[13]. Akkaraman sheep are widely distributed in and around
the Anatolian region of Turkey. This breed stands out due to
its remarkable adaptation to a variety of conditions, disease
resistance, and high production in poor feeding conditions
[14,15]. In spite of its exquisite features, the twinning rate in
this breed is about 1.2 per ewe, indicating low fertility [15].

Litter size is one of the most important traits that affects
the income from animal product sales as it provides more
lambs [16]. Bone morphogenetic protein 15 (BMP15)
and growth differentiation factor 9 (GDF9) are the two
important genes involved in several ovarian physiological
processes, such as follicular and oocyte maturation,
prolification of granulosa and theca cells, and ovulation
[17]. Numerous mutations have been identified so far,
including FecX®, FecX", FecX', FecX", FecX%, FecX® on the
BMP15 gene and, G1-G8 on the GDF9 gene, using different
molecular techniques such as polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP),
single strand conformation polymorphism (SSCP), and
DNA sequencing [18-20]. Among these techniques, in
particular, DNA sequencing enabled the identification of
novel [18] and breed-specific mutations such as FecX®
(Rasa Aragonesa) [19].
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Fecundity gene polymorphisms, which affect litter size,
have been identified in numerous studies globally [21,22].
However, most investigations of Turkish sheep fecundity
gene polymorphisms were based on retrospective research,
and association studies were scarce [10, 23-25]. Recent
studies, however, have found GDF9 gene polymorphism
in some new and local Turkish sheep breeds with low
fertility features, including Akkaraman, Dagli¢, Karayaka,
and Of [8-10,12], which encouraged to execute of the
current study. As a result, this study investigated GDF9
and BMP15 gene polymorphisms and their relationship to
litter size in the Akkaraman breed.

2. Materials and methods

2.1. Animals and DNA extraction

A total of 100 Akkaraman ewes, ranging in age from
2 to 6, were used as study material. Blood samples were
taken into 15 mL vacuum tubes with anticoagulant
ethylenediaminetetraacetic acid (EDTA) under veterinary
supervision in the year of 2021 and collected from 10
flocks in which Akkaraman sheep raised as purebred in the
Yozgat province of Turkey under the extensive conditions.
The birth types of individuals were recorded during the
sampling.

Genomic DNA from whole blood was extracted using
the GeneJET Genomic DNA Purification Kit (Thermo
Scientific, Lithuania) according to the manufacturer’s
guidelines. The quality and purity of the obtained DNA
were controlled using agarose gel electrophoresis (0.6%) at
a voltage of 90 V for 30 min in 1 x TAE buffer.

2.2. Amplification of the GDF9 and BMP15 genes

As given in Table 1, fragments with the different lengths
of the genes of GDF9 and BMP15 were amplified by
polymerase chain reaction (PCR). The PCR reaction
mixture consisted of 13 pL Taq DNA polymerase 2X
MasterMix (Ampliqon®, Denmark), 1 uL of each primer,
1 uL of DNA and ultrapure water to final volume with 25

pL. The PCR was performed with a final volume of 25 pL
in SimpliAmp thermal cycler (Thermo Fisher Scientific,
Waltham, MA, USA) following conditions; 95 °C for 5
min; 35 cycles of 94 °C for 30 s; an annealing step for 35 s
(at the annealing temperatures stated in Table 1); extension
at 72 °C for 30 s; followed by a final extension of 72 °C for 4
min. PCR products were visualized in EtBr (500 pL/mL in
H,0) under gel documentation system (DNR Bioimaging
System, MiniLumi) following agarose gel electrophoresis
with 2%.

2.3. PCR-RFLP analysis

To detect the G1 and G4 polymorphisms, PCR products
of related gene regions were subjected to the PCR-RFLP
process using enzymes with the different restriction sites,
Hhal (GCGTC to CYGCG) and Bpul4l (TTTCGAA to
AAGCITT), respectively. For the polymorphisms of FecX!
and FecXS, all samples were digested with the enzymes
Xbal (TTCTAGA to AGATCIT) and Hinfl (GTAN T C to
C T N AlG), respectively. Overall RFLP reaction mixture
for whole enzymes was the same in a 30 pL final volume,
consisted of 10 uL PCR product, 2 uL green buffer, 1 uL
enzyme (FastDigest, Thermo), and 17 uL ultrapure water.
The reaction carried out in 37.5 °C 5 or 10 min and then 65
°C for enzyme inactivation. After digestion, genotypes of
individuals were determined under 3% agarose gel using
50 bp DNA ladder (Solis Bio-Dyne °).

2.4. Statistical analysis

The frequencies of allele and genotype for the detected
polymorphism were calculated using PopGene32
software, as well as the values of observed and expected
heterozygosity [26]. The chi-square (X?) test was used
to determine whether the population were in Hardy-
Weinberg equilibrium (HWE).

The general linear model (GLM) was used to explore
the genotype effect on litter size using SPSS 22 (IBM
SPSS Inc., Chicago, IL, USA). The p value was considered
statistically significant when its value was less than 0.05.

Table 1. Primer sequence, annealing temperature (Tm) for the loci in the study.

Loci Primers Tm (°C) |Fragment lengths (Bp) | References
FecX! 5'- GAAGTAACCAGTGTTCCCTCCACCCTTTTCT - 3' 55 154 [21]
5'- CATGATTGGGAGAATTGAGACC - 3’
5'- CACTGTCTTCTTGTTACTGTATTTCAATGAGAC - 3’
G
FecX™ | 5. GATGCAATACTGCCTGCTTG - 3 63 141 22]
5'- GAAGACTGGTATGGGGAAATG - 3'
Gl 5'- CCAATCTGCTCCTACACACCT - 3’ 28 462 [45]
G4 5'- GGAATATTCACATGTCTGTAAATTTTACATGTTGG - 3' 63 161 [22]
5'- GAGGGAATGCCACCTGTGAAAAGCC - 3’

Tm: Temperature, Bp: Base pair
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Figure. The PCR-RFLP results of the amplified loci (A-D). Identified genotypes: BB, homozygous (one band of 112 bp) for
FecX® locus; AA, homozygous (one band of 154 bp) for FecX'locus; GG, homozygous (two bands of 254 and 156 bp) and GA,
heterozygous (three bands of 410, 254, and 156 bp) for G1 locus; AA, homozygous (one band of 161 bp) for G4 locus.

3. Results
This study explored the gene polymorphisms of GDF9 and
BMP15 and their effects on litter size in Akkaraman sheep.
DNA fragments of 462 (G1) and 161 (G4) bp in the exon 1
and exon 2 parts of the GDF9 gene and 154 (FecX") and 141
bp (FecX®) in the BMP15 gene were successfully amplified
by PCR. After that, all PCR products were subjected to the
RFLP process. The results showed the only GI mutation to
be present in Akkaraman sheep, and no other mutations
were observed in the study, as shown in Figure. Genotype
frequencies for the studied loci are given in Table 2. In the
study, the X? values were not calculated due to the structure
of monomorphic for the analyzed loci, except for G1.
Allele frequencies were estimated as 0.87 (G) and 0.13
(A), whereas genotype frequencies were calculated 0.26
for GA and 0.74 for GG. Estimated observed (Ho) and
expected (He) heterozygosity values were determined as
0.260 and 0.227, respectively. The X* values for G1 locus
displayed that investigated Akkaraman population were in
HWE (p > 0.05, p = 0.1437), indicating that the flocks being
studied were not influenced by breeding and sampling
etc. Akkaraman sheep had a monomorphic structure in
terms of the mutations of FecX', FecX®, G4 and thus the
genotypes were wild-type, indicating noncarriers.
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The litter size averages of ewes with the GG and GA
genotype were 1.41 + 0.06 and 1.54 + 0.10, respectively,
indicating that heterozygous ewes produced 0.13 more
lambs on average than homozygous ewes. As seen from
here, the litter size of heterozygous ewes was higher than
that of wild or homozygous. The effect of genotype on litter
size was not significant (p > 0.05) in Akkaraman sheep.

4. Discussion

Akkaraman sheep, Turkey’s most populous breed, have
plenty of importance for breeders due to their primarily
meat production and high adaptability to poor nutrition
conditions, but farmers suffer from their low litter size
under extensive conditions. Despite the existence of data
from studies investigating fecundity genes in Turkish
native sheep breeds [7-9, 12, 23, 25], there has been almost
no data demonstrating the effects of fecundity genes on
sheep litter size [10]. The study aimed to determine the
frequency of allele and genotype in four fecundity loci
(G1; G4; FecX!; and FecX€) and their effects on litter size
in the analyzed Akkaraman individuals. G1 was the only
polymorphic locus among those examined. Therefore, the
association analysis was performed for this locus, as well
as the estimation of allele and genotype frequencies.



Table 2. Genotype frequencies of the studied loci.
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Loci Genotype N Frequency X2 P-value
GG 74 0.74

Gl GA 26 0.26 2.1377 0.1437
AA 0 0.00
CC 1.00 1.00

G4 CT 0.00 0.00 NC NC
TT 0.00 0.00
AA 1.00 1.00

FecX! AB 0 0-00 NC NC
BB 0 0.00
AA 0 0.00

FecX¢ AB 0 0.00 NC NC
BB 1.00 1.00

N: Number of individuals, NC: Not calculated, X*: Chi-square, P: Probability

The BMP15 and GDF9 genes cause sterility in
homozygous mutant animals but increase the rate of
ovulation in heterozygous mutant animals [21,22]. A
study on the GDF9 knockout mice revealed sterility due
to a lack of follicular formation [27]. A similar effect was
also observed in homozygous inverdale (FecX') animals
[28] and in homozygous Belclare and Cambridge ewes for
the FecG" (G8) mutation [22]. In this study, Akkaraman
ewes had a polymorphic structure for the GDF9 gene,
which was consistent with the previous studies [10, 12,
29]. As for other loci, all animals analyzed were wild-type
or nonhomozygous mutants. This was the expected result
since the animals examined were all fertile.

The genotype GA was found in 0.26 of the analyzed
ewes, demonstrating a moderate genetic variation within
the GDF gene. This could be due to inbreeding or the
use of the same ram, which resulted in a loss of genetic
variation [30] in the herds studied. Similar results were
also observed in the study by Berra et al. [31] who reported
low genetic variation as a result of inbreeding in Chilota
and Romney sheep.

The frequency of GA genotype ewes was more than
that of some breeds; Akkaraman (0.16) [8] and Karayaka
(0.21) [12] in Turkey, Salsk (0.12) and Volgograd (0.16)
in Russia [32], and was comparable to that of Sudanese
Desert sheep (0.30) [33]. Since this gene-related study
was virtually nonexistent in Turkey, the obtained findings
were not comparable to other native breeds in the
country. Regarding the frequency of the mutant A allele,
Akkaraman sheep exhibited a higher frequency (0.13)
than numerous sheep breeds: Watish (0.04) [34], Barki
(0.00), and Rahmani (0.00) [35], Awassi (0.02) [36] and

MEGA (Merino x Garut) sheep developed in Indonesia
(0.02) [37].

Twinning rates (%) of the Akkaraman breed were
reported to be at range from 29.5 to 43.1 [38]. Another
study found that the litter size was an average of 1.27 [39].
Akkaraman sheepss litter size in this study was 1.44 £ 0.05
on average. The study’s association analysis was limited to
the G1 polymorphism since other loci were monomorphic.
The genotypes did not impact litter size means statistically
(p > 0.05), even if heterozygous ewes produced 0.13 more
lambs than homozygous ewes (1.54 + 0.10 — GA vs. 1.41
+ 0.06 — GG). Similarly, most Iranian sheep breeds with
varying sample sizes, including Afshari (145), Ghezel
(126), Lori-Bakhtyari (171), and Shal (54), exhibited
nonsignificant results [40]. In opposition to these findings,
Al-Khuzai and Ahmed (2019) [36] reported significant
differences between genotypes in 50 Awassi sheep (GA;
1.33 + 0.08 vs. GG; 1.23 + 0.07), which is a 0.10 difference
in litter size. In Baluchi sheep, this value was 0.15 (GG;
1.24 + 0.03 vs. GA; 1.39 £ 0.05) [41]. These values were
comparable to the result (0.13) of the present study. The
discrepancies in levels of significance between these studies
may be due to genotypic distributions and sample size. In a
related study, Gorlov et al. [32] revealed the polymorphism
of the GD9 gene, and demonstrated that the G1 and G4
polymorphisms have significant effects on litter size in
the Salsk and Volgograd breeds. Consequently, while the
results of GDF9 gene mutations were incompatible among
the studies, generally higher lambs could be obtained from
heterozygous ewes compared to homozygous ones, as in
this study. The study of El-Fiky et al. [42] who investigated
the GDF9/Mspl polymorphism in a number of 47 animals
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belonging to the breeds of Saidi and Ossime, pointed out
the litter size differences between the two breeds instead
of genotypes. As in the study of El-Fiky et al. [42], litter
size depends on breed, age, and some other factors, which
highlights the complex mechanism of ovulation rate in sheep.

Regarding the mutations of FecX' and FecX® in the
BMP15 gene, none of them was detected in the Akkaraman
samples being studied. These results were consistent with
the findings reported for other sheep breeds; Awassi and
Sakiz (Chios) in Turkey [7,25,43], Santa Ines and Morada
Nova in Brazil [44], and in 21 prolific breeds [21]. Gursel
et al. [24] examined a total of six mutations (FecX!, FecX",
FecX€, FecX®, FecB, and FecG") on BMP15, BMPR1B, and
GDF9 genes and all were wild-type except FecX®. These
results were similar or different for the FecX' and FecX®
mutations compared to the findings obtained from the
present study.

In conclusion, the current study was the first to
examine whether the investigated genes have an impact on
litter size in the Akkaraman breed. The Akkaraman ewes
with one copy of the GDF9 gene mutation produced 0.13
more lambs than those without the mutation. Apparently,
G4, FecX!, and FecX® mutations can be not responsible
in Akkaraman sheep for multiple births as evidenced
in many Turkish sheep breeds, as well as prolific breeds
[23-25, 43]. This study’s molecular approach was the PCR-
RFLP. Apart from this method, DNA sequence analysis is a
highly informative method for determining other possible
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