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Abstract

Background and Aim: Sudanese desert sheep encompass different sheep breeds named according to the different Sudanese
tribes that rear them such as the Dubasi, Shugor, and Watish sheep. The objectives of this study were to screen for G/ point
mutation in the polymorphic growth differentiation factor 9 (GDF9) gene, investigate its association with litter size, and
construct the phylogeny of the different tribal breeds that belong to the Sudanese Desert sheep tribal types.

Materials and Methods: Genomic DNA was extracted from whole blood of three tribal Desert sheep breeds (Dubasi, Watish,
and Shugor) using the guanidine chloride method. Polymerase chain reaction-restriction fragment length polymorphism
with Hhal restriction enzyme and sequencing techniques was used for genotyping the GDF9 locus for possible mutations
associated with litter size in the three desert sheep tribal types.

Results: G/ mutation in GDF9 caused the replacement of Arginine by Histidine at residue 87. The wild type allele (A)
had the highest frequency, whereas the mutant type allele (a) had the lowest in all the sequenced subtypes. The genotype
frequencies of the wild type ewes (AA) were higher than the heterozygous (Aa) and the mutant type (aa) frequencies in the
three studied desert sheep types. No significant differences were found in the allele frequency between the three tribal types.
Litter size was significantly influenced by the genotypes of GDF9 gene, parities, and subtypes (p<0.01, 0.01, and 0.05,
respectively). In the Watish sheep type, heterozygous sheep in their second parity recorded the highest litter size. Sequence
alignment of GDF9 gene samples with the database entry indicated that all three tribal types were similar and identical to the
reference sequence. The phylogenetic tree revealed that Shugor is the common ancestor of the studied types and Watish is
more closely related to Shugor than Dubasi. This result mi ght partly explain the lower reproductive performance of Dubasi
compared to Watish and Shugor.

Conclusion: The presence of one copy of GDF9 gene increased litter size in the studied Sudanese Desert sheep. This locus
may be used as a biomarker for litter size improvement through genotypic selection and allele or gene introgression.

Keywords: common ancestor, growth differentiation factor 9 gene, similarity and identity, Sudanese sheep.
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Small ruminants, particularly native local breed ~ ‘vatish breeds. These three sheep types are found in
types, play a significant socio-economic role in ensur- the central glay plain in Sudan under conditions of
ing the livelihoods of a considerable portion of human ~ Moderate rainfall (about 500 mm annually) and are
populations in the tropics [1-3], and genetic manipu- maml'y reared for meat productlon and significantly
lations in improving ewe production and reproduction contribute to local consumption and export.
present valuable opportunities to increase financial The growth differentiation factor 9 (FecG,
revenue [4-8]. Sudan harbors different sheep breeds ~ GDFY9) is a member of the transforming growth fac-
referred to as the Sudanese Desert sheep which are ~ tOr B released from oocytes during folliculogenesis.

distinguished according to the different Sudanese =~ GDF9 inhibits granulosa cell apoptosis and follicu-
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Increasing meat production using scientific,
accurate, and precise selective programs are one of
the most important goals for genetic improvement in
goats. These programs aim to identify and to correlate
the genotypes of reproductive and productive traits
of animals by determining polymorphisms and gen-
erating phylogenetic relationships [11-13]. The deter-
mination of gene polymorphisms is essential in farm
animal breeding programs [11,14,15] to define geno-
types of animals and their associations with produc-
tive, reproductive, and economic traits [16]. Species
without sufficient genetic variability and diversity
face more challenges in efficiently adapting to envi-
ronmental fluctuations as they become less resil-
ient and more susceptible to diseases [17,18]. Thus,
preserving genetic diversity in indigenous breeds is
a major concern during the design of selection pro-
grams to improve productive traits of a specific breed
without diluting or losing other beneficial traits [7].
As conservation is dependent on deep and full knowl-
edge of the genome of a specific breed [19], it is
important to try to genetically characterize indige-
nous breeds [14] and to determine the applications of
molecular genetics [20].

Hence, the objectives of the present study
were to detect the G/ point mutation of exon 1 of
the Ovis GDF9 gene and to investigate its asso-
ciation with litter size among the different tribal
desert sheep breeds of Sudan (Dubasi, Shugor, and
Watish).

Materials and Methods

Ethical approval

According to the Animal Use in Research
Committee of the Sudan Veterinary Council, no
special approval was required for this research. The
guidelines of Sudan Veterinary Council regarding
the handling of animals and sampling were strictly
followed.

Study period and location

The Genotypic Detection of GDF9 Gene was
carried out in the Molecular Biology and Immunology
Unit, Department of Biology, Central laboratory of
Veterinary Research, Ministry of Animal Resources
and Fisheries, Sudan, from May 2017 to October
2019.

Sample collection

Blood samples were randomly collected from
100 unrelated ewes of the three Sudanese Desert
sheep tribal types [Dubasi (n=30), Shugor (n=30), and
Watish (n=40)] from three states (Gezira, Sinnar, and
Blue Nile). The blood samples were collected from
the jugular vein in in 10 ml vacuum blood collection
tubes containing EDTA. All samples were immedi-
ately placed on ice and transferred to the laboratory
(The Central Laboratory of Veterinary Research,
Sudan) where they were stored at —20°C until DNA
extraction.

DNA extraction

Genomic DNA was extracted from whole
blood and the DNA purified using a modified ver-
sion of the Guanidine Chloride method described by
Zainabadi et al. [21]. Briefly, 3-5 ml blood was col-
lected in EDTA tubes, and then 10 ml red cell lysis
buffer was added in a Falcon tube and centrifuged for
5 min at 6000 rpm, this process was repeated until a
clear pellet appeared. The supernatant was discarded,
and 800 uL of white cell lysis buffer, 10 pL of pro-
teinase K (10 mg/ml), 1 ml Guanidine Chloride, and
300 uL Ammonium Acetate were added, vortexed, and
incubated at 37°C overnight. Then, an equal volume of
chloroform in a new Falcon tube was added, mixed well
and centrifuged at 6000 rpm for 5 min. The upper layer
was transferred to a clean Falcon tube and 10 ml of cold
ethanol (95%) was added and incubated at -20°C over-
night. The sample was then centrifuged for 10-15 min
at 6000 rpm and the supernatant was discarded. The
pellet was washed with 4 ml of 70% ethanol and centri-
fuged for 7 min at 12000 rpm, and the supernatant dis-
carded. The previous steps were repeated until the pel-
let became clear, at which point it was dried for 1-2 h,
then dissolved in 100 ml of Tris EDTA buffer or 20 pL
distilled water was added and stored at —20°C.

The quality of the extracted DNA was verified
by adding 2 uL of template DNA and 3 uL of loading
dye, and visualized on 1.5% Agarose gel with ethid-
ium bromide. The images of each gel or the DNA band
were photographed using Bio-Rad Gel Documentation
2000 system. Only samples of good quality were car-
ried through for further analysis.

Amplification and sequencing of the GDF9 gene

The amplification reaction was carried out by
restriction fragment length polymorphism (RFLP)-
Polymerase chain reaction (PCR) as described previ-
ously by Hanrahan et al. [22] and Jawasreh et al. [23]
(Table-1) using 35 cycles at 95°C for 300 s for initial
denaturation, followed by 94°C for 45 s for denatur-
ation, 58°C for 40 s for annealing, 72°C for 60 s for
extension, and a final extension at 72°C for 10 min.
The amplified samples were loaded on 1.5% agarose
gel and visualized under UV with the gel documenta-
tion system (Bio-Rad, USA).

PCR products (462 bp) were digested by Hhal
restriction enzyme at 37°C for 3 h. 7 uL of PCP prod-
ucts were added to a solution of 2 pL buffer, 0.5 uL
Hhal enzyme, and 0.5 puL bovine serum albumin
(BSA) as enhancer, and topped with sterilized water
to a final volume of 25 uL. The digestion reaction was
then pulsed for 30 s, and incubated at 37°C overnight.

Further, the purification and standard sequencing
of the PCR products of the GDF9 gene was performed
for the three genotypes of GDF9 gene by Macrogen
Company (Seoul, South Korea).

Gene and genotype frequency estimation
Gene and genotype frequencies were calcu-
lated based on the counting method as described by
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Table-1: The primers and restriction enzyme used for the analysis of the GDF9 gene at the G1 point mutation using the

Hhal restriction endonuclease.

Primer name Primer sequences 5'-3’ Polymerase chain Annealing Reference
reaction product (bp) temperature

G9-1734F 5'-GAAGACTGGTATGGGGAAATG-3’ 462 bp 580 C [4]

G9-2175R 5'-CCAATCTGCTCCTACACACCT-3’ [5]

Falconer and Mackay [24]. The Chi-square test was
used to test the Hardy-Weinberg equilibrium.

Association analysis between genotypes, parity
number, and litter size in the three Desert sheep
tribal types

The association between the detected genotypes
of the studied fecundity gene (GDF9), parity number,
and litter size in the three Desert sheep types was ana-
lyzed using the General linear model (GLM) method
using IBM SPSS version 21 (IBM Corp., Armonk,
N.Y., USA). The Chi-square test, analysis of variance
(ANOVA), and Duncan multiple range test (DMRT)
were used to check the effect of various factors on lit-
ter size and differences were considered significant at

p<0.05.
The linear model (1):
Y, =+B,+G+P +E_
ij i ] ij
Where:

Y, = litter size record of the ijk™ ewe.
u = overall mean.

= effect of the i™ sheep tribal type (i = 1-3).
G effect of the j™ genotype (j = 1-3).

= effect of the k™ parity number (k = 1-4).

EIJ = random error term.
Bioinformatics analysis for sequence similarity and
alignment

The DNA chromatograms were presented by
Finch TV program version 1.4.0 (http://www.geospiza.
com/Products/finchtv.shtml), and the DNA cleaning
process was done by removing nucleotides with sharp
quality (<10). The nucleic acid sequence of GDF9
gene was blasted against nucleotide databases to get
the most similar sequences [25]. Sequences with high
identities were downloaded from NCBI in the FASTA
format and aligned with the reference sequence
(NC_019484) in Bio Edit 7.0 [26] from NCBI [27].
Global phylogenetic trees were generated using
multiple sequence alignment by CLUSTALW [28]
to determine the relationship among sheep breeds
from the different tribes. The reference proteins
of the studied fecundity genes were obtained from
ExPASy-Universal protein resource [29]. Nucleotide
sequence was translated to protein by ExPASy trans-
lation tool [29] and subjected to multiple sequence
alignment using Bio Edit 7.0 software.

Results

Detection of the G1 mutation in the GDF9 gene
Amplification of the GDF9 exon 1 showed the

expected fragments with a product size of 462 bp

fragment, as shown in Figure-1. Furthermore, the

Figure-1: Polymerase chain reaction products of GDF9
exon 1 (462 bp) on 1.5% agarose gel electrophoresis in
Dubasi, Shugor, and Watish Sudanese Desert sheep tribal
types. Lane 1, DNA ladder: MW 100-1500 bp fragments.
Lane 2, 3, 4,5, 6, 7, 8, and 9 showing typical band size of
462 bp corresponding to the molecular size of GDF9 gene.

PCR-RFLP approach was applied to identify geno-
types of the GDF9 gene in the sheep samples using
Hhal restriction enzyme. The nucleotide substitution
G to A in GDF9 exon 1 region disrupts the cleavage
site of Hhal restriction enzyme (GCGC to GCAC) at
nucleotide 260 of the 462 bp PCR product. The amino
acid change was Arginine to Histidine at residue 87.

The digestion of the PCR products by Hhal
restriction enzyme showed three genotypes. Wild type
(AA) had three fragments of 254, 156, and 52 bp, het-
erozygous (Aa) had four visible bands of 410, 254,
156, and 52 bp (Figure-2), and mutant types had two
fragments of 410 and 52 bp (Figure-3).

Genetic variability of the GDF9 gene

The allele and genotype frequencies of GDF9
gene are shown in Table-2. The wild type allele (A)
had the highest frequency, whereas the mutant type
allele (a) had the lowest frequencies in Dubasi, Watish,
and Shugor. The genotype frequencies of the wild type
ewes (AA) were substantially higher than the hetero-
zygous (Aa) and mutant type (aa) frequencies in the
three populations of sheep tribal types.

Chi-square test was used to assess the Hardy-
Weinberg equilibrium. Chi-square test showed that
the analyzed populations of Dubasi (3*=0.63), Shugor
(%*=0.16), and Watish (%¥*=0.04) were in the Hardy-
Weinberg equilibrium, while the pooled population of
the three desert sheep tribal types was not (x*=14.00).

Association of the GDF9 gene with litter size

The least squares means and standard errors for
litter size of the different GDF9 genotypes and par-
ities in Dubasi, Shugor, and Watish desert sheep are
presented in Table-3. The ewes with heterozygous
(Aa) and homozygous wild type (AA) genotypes had
0.346 and 0.207 more lambs than the homozygous
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Table-2: Allele and genotype frequencies of the point mutation G1 of the GDF9 gene in Dubasi, Shugor, and Watish

sheep tribal types!.

Sheep tribal Number of animals Allele frequency Genotype frequency H.W.E

t

ype Total AA Aa aa (A) (a) AA Aa aa (x?- value)
Dubasi 26 16 8 2 0.77 0.23 0.61 0.31 0.08 0.63 NS
Shugor 28 16 10 2 0.75 0.25 0.57 0.36 0.07 0.16 NS
Watish 34 20 12 2 0.76 0.24 0.59 0.35 0.06 0.04 NS
Total 88 54 30 6 0.78 0.22 0.60 0.34 0.06 14.00 S

INS=No significant deviation from HWE, S=Significant deviation from HWE, (p<0.01)
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Figure-2: DNA electrophoretic pattern of GI1 point
mutation of the GDF9 gene amplified after digestion with
Hhal restriction enzyme in the three Sudanese Desert
sheep types. Lane 1, 7, and 8 (Aa): 410, 254, 156, and
52 bp. Lane 2, 3, 4, and 6 undigested PCR product. Lane 5
(AA): 254, 156, and 52 bp. Lane 9 DNA ladder: MW 100-
1500 bp fragments.

Figure-3: DNA electrophoretic pattern of GI1 point
mutation of the GDF9 gene amplified after digestion with
Hhal restriction enzyme. Lane 1, DNA ladder: MW 100-
1500 bp fragments. Lane 2, 4, 6, and 9 undigested PCR
product. Lane 3, 5, 7, and 10 empty. Lane 8 (aa): 410 and
52 bp.

(aa) genotypes, respectively. Moreover, the Watish
desert sheep had the highest litter size, followed by
Shugor and Dubasi. The second parity was higher in
litter size followed a lower parity sequentially in the
31, 4% and 1* parities.

ANOVA analysis of litter size in the three desert
sheep tribes is presented in Table-4. Litter size was
highly significantly influenced by the genotypes of
GDF9 gene, parities, and sheep tribe (p<0.01).

DNA sequencing of the GDF9 gene

Four different samples of DNA were not used in
the restriction enzyme analysis, but rather were sub-
jected to sequencing. The objective was to broaden
the sample base by including A-Dubasi (MN862511);
B-Dubasi (MN862512); C-Shugor (MN862513);
and D-Watish (MN862514). The results of the align-
ment of GDFY9 samples with the Ref Seq nucleotide

Table-3: Association between GDF9 genotypes and parity
number with litter size trait in Dubasi, Shugor, and Watish
desert sheep tribal types®.

Variable Type/Number Litter size
Sheep tribal type Dubasi 1.134+0.053¢
Shugor 1.232+0.053%*
Watish 1.307+0.051°
Genotype AA 1.247+0.033°
Aa 1.386+0.046°
Aa 1.040+0.0942
Parity number 1st 1.130+0.053¢
2nd 1.357+0.053°
3rd 1.211+0.0582
4th 1.201+0.0722

1.224+0.037

!Means with same superscripts within each item are not
significantly (p<0.05) different

Grand mean

Table-4: Analysis of variance of the effect of breed, GDF9
genotypes, and parity on litter size in the three desert
sheep tribes?.

Source of variation DF SM MS F-ratio Pr>F

Sheep tribe 2 1.472 0.736 3.957* 0.020
Parity 3 2.364 0.788 4.234** 0.006
Genotypes 2 2.411 1.205 6.479** 0.002

ISM=Sum of squares, DF=Degrees of freedom, M=Mean
of squares. *p<0.05, **p<0.01

database using Bio-Edit 7.0 software [26] indicated
that all three desert sheep tribal types (Dubasi, Shugor,
and Watish) were similar and identical to the reference
sequence. No nucleotide changes or mutations were
detected in these four samples (Figure-4).

All Sudanese breeds showed conserved regions
with the reference sequence (Figure-5).

No changes were detected as all translated amino
acids were similar to the reference sequence without
any mutation, as shown in Figure-6.

Figure-7 shows the phylogenetic tree of the three
breeds. The two samples of Dubasi tribal type (A and B)
were the most closely related. Norway was the clos-
est global sample to Sudanese Desert sheep (Including
Watish and Shugor). Brazil, China, and Mexico were out-
group as the least related, where China and Brazil were
more related to each other than the Mexican samples.

Discussion

The Ovine GDF9 gene spans approximately 2.5
kb on chromosome 5 and contains two exons sepa-
rated by one intron (Figure-8). The two exons spanned
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Figure-4: Similarity and identity of alignments between the GDF9 DNA sampled from the three Desert sheep tribes and the
database Ref Seq (Bio-Edit 7.0 software), Iraq (MF416087), Norway (HE866499), Egypt (KT357485), Brazil (F1429111),
Iran (KX377509), China (KR063137), USA (AF078545), and Mexico (KT8530).

approximately 397 and 965 bp, respectively. Exon 1
encodes for 1-134 amino acids and exon 2 for 135-456
amino acids, while the intron spans about 1126 bp [9,30].
Mutations in GDF9 have different effects on ovulation
rate and can even cause infertility in some cases [31].
There are eight mutations (G1-G8) in the GDF9 gene,
where two of these mutations (G2 and G3) are located in
the intron, while G5 located in exon 2, but do not result
in amino acid changes [32] (Figure-9). The remaining
five nucleotide substitutions (G1, G4, G6, G7, and G&)
lead to amino acid substitutions. The G/ mutation in
heterozygote ewes showed the highest fertility, whereas
the mutant types had a non-additive effect on ovula-
tion rate, ultimately causing sterility [22]. The effect
of this mutation (FecG/) is about 1.4 lambs per ewes.
Barzegari et al. [33] attributed the absence of this gene

to impaired follicular growth at the primary stage in
homozygotes, thus resulting in sterility, while the inac-
tivation of only one copy of GDF9 increased the ovula-
tion rate. GDF9 gene could also influence the ovulation
rate in a dose-dependent manner [34].

In the current study, we analyzed the polymor-
phic variations of the gene coding for the GDFY, a
member of the transforming growth factor  super-
family. This superfamily has a vital role in female
fertility and the GDF9 protein is essential for ovar-
ian follicular development in sheep, especially during
the early stages of folliculogenesis [35]. This study
focused on scanning for the G/ point mutation located
in exon 1 of the GDF9 gene in three Sudanese Desert
sheep tribes.
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Figure-6: Amino acid alignment of GDF9 gene with ref sequence using Bio-Edit 7.0 software.

PCR-RFLP, a simple and dependable method,
was previously used to study the polymorphisms of
the GDF9 gene in many sheep breeds. In this study,
the G/ mutation in Dubasi, Shugor, and Watish Desert
sheep tribal types was scanned and results showed that
the frequency of the mutant allele was low (0.22) com-
pared to the wild type allele (0.78) in the three stud-
ied populations. However, frequencies might change
for a larger sample number since the GDF9 locus is

polymorphic. This observation is in agreement with
frequencies observed in Belclare and Cambridge
breeds [22], Arkha Merino sheep [36], Moghani and
Ghezed breeds [33], Sangsari sheep [37], Baluchi
sheep [23], Hisar sheep [38], Moghani sheep [39], and
Saidi sheep [40]. On the other hand, Gorlov et al. [41]
reported that the frequency of the mutant allele was
high and no wild-type genotypes (AA) were detected
in Volgograd and Salsk sheep, as was the case in Lori
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sheep [42,43]. Whereas Elfiky et al. [40] reported that
all of the observed genotypes were wild type in Ossimi
sheep. The low frequency of the mutant genotype
found in the studied Sudanese sheep suggests the pos-
sibility of mitigating this important mutation in these
populations using marker-assisted selection.

The Chi-square analysis indicated that the pop-
ulations of Dubasi, Shugor, and Watish sheep were
in Hardy-Weinberg equilibrium for the GDF9 locus
when considered separately, while they were not in

—E A—Dubasi
B—Dubasi
Norway

D—Watish
C—Shugor

Iraqg

fran

Lgypt
| UsA

—I: Brazil
China

Mexico

Figure-7: Global Phylogenetic tree (Multiple sequence
alignment by CLUSTALW). Iraq (MF416087), Norway
(HE866499), Egypt (KT357485), Brazil (F1429111), Iran
(KX377509), China (KR063137), USA (AF078545), and
Mexico (KT8530).

5\ 2.5 Kilobases(KB) 3\

Exon 1 Intron

Growth differentiation factor 9 gene

- Coding Regions - Untranslated Regions

Figure-8: GDF9 gene structure with two exons separated
by one intron [33].

equilibrium when pooled together. This result is prob-
ably due to the low sample size used in this study.
Similar to this report, Nanekarani et al. [43], Bahrami
et al. [44], and Kasiriyan et al. [37] reported that pop-
ulations of Lori, Hisari, and Sangsari sheep were in
Hardy-Weinberg equilibrium at the GDF9 locus.

Several reports [45-47] on the inheritance of
sheep litter size suggest that litter size varies between
and within sheep breeds and it is regulated by ovulation
rate and the number of inseminated oocytes [48]. In this
study, litter size was significantly affected by G/ point
mutation of GDF9 gene, where heterozygous genotypes
presented higher litter size (1.386+0.046) compared to
the wild-type genotype (1.247+0.033) and homozy-
gous carrier ewes (1.040+0.094). This result is in agree-
ment with those obtained in Belclare and Cambridge
breeds [22], Romanov sheep [23], and Mongolia
sheep [49]. However, Liandris et al. [42] reported a
non-significant association between the mutation in the
GDF9 gene and litter size in Karagouniki breed.

The study showed that the Watish desert sheep
type demonstrated the highest litter size (1.307+0.051)
compared to Shugor (1.232+0.053) and Dubasi
(1.134+0.053). The high occurrence of this mutation
in Watish may explain the multiple births usually
observed in this breed. Although, the low averages of
litter size may also be a reflection of poor manage-
ment standards in the study area.

In the present study, the average litter size in the sec-
ond parity (1.357+0.053) was significantly higher than the
other ones. The mean litter sizes of ewes in the third par-
ity (1.21140.058) and in the fourth parity (1.201+0.072)
were not statistically different, but were higher than those
in the first parity (1.130+0.053) (p<0.01). This result
might be attributed to the degree of development of ewes
in the first parity or to nutrition levels in the breeding sea-
son of the selected ewes. The amount of available pas-
ture depends directly on the intensity of the rainy season
which varies from 1 year to the other.

In the sequence analysis, a different set of four sam-
ples was used as mentioned previously for the purpose
of expanding and generalizing the results. Our findings

Exon 1 Exon 2
1 Intron 1 64 6 67 G8
Allele [— >
DNA Level —> 260(G-A) 471(C-T) 994(G-A) 1111(G-A)  1181(C-T)
Protein Level c— > RS7H E241K V332l V371M S395F
. Common Mutations Coding Regions - Untranslated Regions

Figure-9: The most common mutations of GDF9 gene. G2 and G3 located in the intron, while G5 in the exon without any

changes in amino acid sequence [22].
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showed that there were no amino acid changes such as
addition, substitution, or deletion in the tested samples
of Sudanese breeds and therefore, the protein function
was properly maintained. Moreover, alignment results
of GDF9 gene samples with the database sequence
indicated that all the Sudanese types (Dubasi, Shugor,
and Watish) were similar to the reference sequence. On
the other hand, the phylogenetic tree analysis (Figure-9)
showed that the USA sample (AF078545) is the most
recent common ancestor of the Egypt (KT357485), Iran
(KX377509), Iraq (MF416087), Shugor (C), Watish
(D), Norway (HE866499), and Dubasi subgroup
(A and B) samples, whereas Brazil (FJ429111), China
(KR063137), and Mexico (KT8530) were out grouped.
According to this finding, Shugor is the common
ancestor of the three studied Sudanese Desert sheep
breeds, and Watish is more closely related to Shugor
than Dubasi. This result may explain the lower repro-
ductive potential of the Dubasi compared to Watish and
Shugor tribal Desert sheep breeds.

Conclusion

The results of the present study revealed that the
presence of one copy of GDF9 gene increased litter
size in the studied Sudanese Desert sheep and may be
used for future improvement of litter size by means of
genotypic selection and allele or gene introgression.

Acknowledgments

The authors thank the staff members of the Central
Laboratory of Veterinary Research, Ministry of Animal
Resources and Fisheries, Sudan. We acknowledge Dr.
Mohamed A. Salih and Dr. Hisham N. Altayb from Sudan
University of Science and Technology for their support.
We also acknowledge the cooperation of sheep own-
ers. The authors also thank the University of Khartoum,
Sudan, for providing the funds for the research project.

Authors’ Contributions

AZA: Molecular analysis, data collection, sta-
tistical analysis and drafted the manuscript. LMAM:
Designed the experiment and drafted the manuscript.
K1J: Visuals and drafted and revised the manuscript. FE:
Reviewed the manuscript. AOS: Molecular analysis.
MAA: Designed the experiment, supervised field and
laboratory work, drafted and reviewed the manuscript.
All authors have read and approved the final manuscript.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’'s Note

Veterinary World remains neutral with regard to
jurisdictional claims in published institutional affiliation.

References

1. Ahsani, M.R., Mohammadabadi, M.R. and
Shamsaddini, M.B. (2010) Clostridium perfringens iso-
late typing by multiplex PCR. J. Venom. Anim. Toxins Incl.

10.

11.

12.

13.

14.

15.

16.

17.

Trop. Dis., 16(4): 573-578.

Ebrahimi, M.T.V.,, Mohammadabadi, M.R. and
Esmailizadeh, A K. (2017) Using microsatellite markers to
analyze genetic diversity in 14 sheep types in Iran. Arch.
Anim. Breed., 60(3): 183-189.

Ghotbaldini, H., Mohammadabadi, M., Nezamabadi-
pour, H., Babenko, O. 1., Bushtruk, M. V., & Tkachenko, S. V.
(2019). Predicting breeding value of body weight at
6-month age using Artificial Neural Networks in Kermani
sheep breed. Acta Scientiarum. Animal Sciences, 41.
Ahsani, M.R., Bafti, M.S., Esmailizadeh, A.K. and
Mohammadabadi, M.R. (2011) Genotyping of isolates of
Clostridium perfringens from vaccinated and unvaccinated
sheep. Small Rumin. Res., 95(1): 65-69.

Zamani, P, Akhondi, M., Mohammadabadi, M.R.,
Banabazi, M.H. and Abdolmohammadi, A.R. (2011) Genetic
variation of Mehrabian sheep using two intersimple sequence
repeat (ISSR) markers. Afi: J. Biotechnol., 10(10): 1812-1817.
Mohammadabadi, M.R. (2016) Inter-simple sequence
repeat loci associations with predicted breeding values of
body weight in Kermani sheep. Genet. Third Millennium,
14(4): 4383-4390.

Mohammadabadi, M.R., Jafari, A.H.D. and Bordbar, F.
(2017) Molecular analysis of CIB4 gene and protein in
Kermani sheep. Brazil. J. Medic. Biol. Res., 50(11): e6177.
Roudbar, M.A., Abdollahi-Arpanahi, R., Mehrgardi, A.A.,
Mohammadabadi, M., Yeganeh, A.T. and Rosa, G.J.M.
(2018) Estimation of the variance due to parent-of-ori-
gin effects for productive and reproductive traits in Lori-
Bakhtiari sheep. Small Rumin. Res., 160(1): 95-102.
Khodabakhshzadeh, R, Mohammadabadi, M.,
Esmailizadeh, A., Shahrebabak, H.M., Bordbar, F. and
Namin, S.A.J. (2016) Identification of point mutations in
exon 2 of GDF9 gene in Kermani sheep. Pol. J. Vet. Sci.,
19(2): 281-289.

Castro, F., Cruz, M. and Leal, C. (2015) Role of growth dif-
ferentiation factor 9 and bone morphogenetic protein 15 in
ovarian function and their importance in mammalian female
fertility. Asian Australas. J. Anim. Sci., 29(8): 1065-1074.
Ruzina, M.N., Shtyfurko, T.A., Mohammadabadi, M.R.,
Gendzhieva, O.B., Tsedev, T. and Sulimova, G.E. (2010)
Polymorphism of the BoLA-DRB3 gene in the Mongolian,
Kalmyk, and Yakut cattle breeds. Russ. J. Genet., 46(4):
456-463.

Moghbeli, S.M., Barazandeh, A., Vatankhah, M. and
Mohammadabadi, M. (2013) Genetics and non-genetics
parameters of body weight for post-weaning traits in Raini
cashmere goats. Trop. Anim. Health Prod.,45(7): 1519-1524.
Mohammadabadi, M.R. and Tohidinejad, F. (2017)
Characteristics determination of Rheb gene and protein in
Raini Cashmere goat. [ran. J. Appl. Anim. Sci., 7(2): 289-295.
Mohammadabadi, M.R., Soflaei, M., Mostafavi, H. and
Honarmand, M. (2011) Using PCR for early diagnosis
of bovine leukemia virus infection in some native cattle.
Genet. Mol. Res., 10(4): 2658-2663.

Ahsani, M.R., Mohammadabadi, M.R., Fozi, M.A.,
Esmailizadeh, A.K., Khezri, A., Babenko, O.L,
Bushtruk, M.V., Tkachenko, S.V., Stavetska, R.V. and
Klopenko, N.I. (2019) Effect of roasted soybean and
canola seeds on peroxisome proliferator-activated receptors
gamma (PPARG) gene expression and cattle milk character-
istics. fran. J. Appl. Anim. Sci., 9(4): 635-642.

Nassiry, M.R., Shahroodi, F.E., Mosafer, J., Mohammadi, A.,
Manshad, E., Ghazanfari, S., Abadi, M.RM. and
Sulimova, G.E. (2005) Analysis and frequency of bovine
lymphocyte antigen (BoLA-DRB3) alleles in Iranian
Holstein cattle. Russ. J. Genet., 41(6): 664-668.
Mohammadi, A., Nassiry, M.R., Mosafer, .,
Mohammadabadi, M.R. and Sulimova, G.E. (2009)
Distribution of BoLA-DRB3 allelic frequencies and identifi-
cation of a new allele in the Iranian cattle breed Sistani (Bos
indicus). Russ. J. Genet., 45(2): 198-202.

Veterinary World, EISSN: 2231-0916

111



Available at www.veterinaryworld.org/Vol.14/January-2021/14.pdf

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pasandideh, M., Mohammadabadi, M.R., Esmailizadeh, A.K.
and Tarang, A. (2015) Association of bovine PPARGC1A
and OPN genes with milk production and composition in
Holstein cattle. Czech J. Anim. Sci., 60(3): 97-104.
Alinaghizadeh, R., Abadi, M.R.M. and Badrabadi, S.M.
(2007) Kappa-casein gene study in Iranian Sistani cattle
breed (Bos indicus) using PCR-RFLP. Pak. J. Biol. Sci.,
10(23): 4291-4294.

Norouzy,A., Nassiry, M.R., Shahrody, F.E., Javadmanesh,A.,
Abadi, M.R.M. and Sulimova, G.E. (2005) Identification of
bovine leucocyte adhesion deficiency (BLAD) carriers in
Holstein and Brown Swiss Al bulls in Iran. Russ. J. Genet.,
41(12): 1409-1413.

Zainabadi, K., Adams, M., Han, Z.Y., Lwin, H.W,,
Han, K.T., Ouattara, A., Thura, S., Plowe, C.V. and
Nyunt, M.M. (2017) A novel method for extracting nucleic
acids from dried blood spots for ultrasensitive detection of
low-density Plasmodium falciparum and Plasmodium vivax
infections. Malar. J., 16(1): 377.

Hanrahan, J.P., Gregan, S.M., Mulsant, P., Mullen, M.,
Davis, G.H., Powell, R. and Galloway, S.M.J. (2004)
Mutations in the genes for oocyte-derived growth factors
GDF9 and BMP15 are associated with both increased ovu-
lation rate and sterility in Cambridge and Belclare sheep
(Ovis aries). Biol. Reprod., 70(4): 900-909.

34.

35.

36.

37.

38.

39.

in GDF9 and BMP15 associated with fertility and ovulation
rate in Moghani and Ghezel sheep in Iran. Reprod. Domest.
Anim., 45(4): 666-669.

Vage, D.I.,, Husdal, M., Kent, M.P., Klemetsdal, G. and
Boman, [.A. (2013) A missense mutation in growth differ-
entiation factor 9 (GDF9) is strongly associated with litter
size in sheep. BMC Genet., 14(1): 1.

Wang, J.J., Zhang, T., Chen, Q.M., Zhang, R.Q., Li, L.,
Cheng, S.F. and Lei, C.Z. (2020) Genomic signatures of
selection associated with litter size trait in Jining gray goat.
Front. Genet., 11(1): 286.

Farajzadeh, M., Dehnad, A., Rahimi, G. and Amiri, A.
(2007) Genetic Polymorphisms in Oocyte-derived Growth
Factor (GDF-9) Gene in ARKHA Merino Sheep Using
RFLP-PCR. The 5" National Biotechnology Congress of
Iran. Tehran, Iran. p503.

Kasiriyan, M.M., Hafezian, S.H. and Hassani, N. (2011)
Genetic polymorphism BMP15 and GDF9 genes in Sangsari
sheep of Iran. Int. J. Genet. Mol. Biol., 3(1): 31-34.
Yadollah, B., Sajad, B., Hamid, R.M., Vaheid, C.A. and
Seyed, A.M. (2014) The polymorphism of GDF-9 gene in
Hisari sheep. Biol. Forum Int. J., 6(2): 46-52.

Ala, N.F. and Rafat, A. (2014) Genetic polymorphism of
GD1F9 gene in Iranian Moghani sheep breed. Iran. J. Appl.
Anim. Sci., 4(4): 887-890.

Jawasreh, K.1.Z., Jadallah, R. and Al-Massad, M.M. (2017) 40. Elfiky, F.Z.A., Hassan, G.M. and Nassar, M.I. (2017) Genetic
Association between the prolificacy of Romanov sheep breed polymorphism detection in bone morphogenetic protein 15
and fecundity gene, growth differentiation factor 9 gene and (BMP15) gene related to fecundity in two Egyptian sheep
prolactin gene genotypes. Malays. Appl. Biol., 46(2): 41-48. breeds. Biotechnol. Anim. Husbandry, 33(1): 37-53.
Falconer, D.S. and Mackay, T.F.C. (1996) Introduction to 41. Gorlov, LF., Kolosov, Y.A., Shirokova, N.V.,
Quantitative Genetics. 4" ed. Longman Group Ltd., Harlow, Getmantseva, L.V., Slozhenkina, M.1., Mosolova, N.I. and
United Kingdom. Zlobina, E.Y. (2018) GDF9 gene polymorphism and its
Johnson, M., Zaretskaya, 1., Raytselis, Y., Merezhuk, Y., association with litter size in two Russian sheep breeds.
Mcginnis, S. and Madden, T.L.J. (2008) NCBI BLAST: Rendiconti Lincei, 29(1): 61-66.
A better web interface. Nucleic Acids Res., 36(Web Server 42.  Liandris, E., Kominakis, A., Andreadou, M., Kapeoldassi, K.,
issue): W5-W9. Chadio, S., Tsiligianni, T. and Ikonomopoulos, 1. (2012)
Hall, T.A. (1999) BioEdit: A user-friendly biologi- Associations between single nucleotide polymorphisms of
cal sequence alignment editor and analysis program for GDF9 and BMP15 genes and litter size in two dairy sheep
Windows 95/98/NT. Nucleic Acids Symp. Ser., 41(1): 95-98. breeds of Greece. Small Rumin. Res., 107(1): 16-21.
Coordinators, N.R.J. (2017) Database resources of the 43. Nanekarani, S., Goodarzi, M., Khederzadeh, S., Torabi, S.
national center for biotechnology information. Nucleic and Landy, N. (2016) Detection of polymorphism in
Acids Res., 46(D1): D§-D13. Booroola gene and growth differentiation factor 9 in Lori
McWilliam, H., Li, W. and Uludag, M. 2013. Analysis sheep breed. Trop. J. Pharm. Res., 15(8): 1605-1611.
Tool Web Services from the EMBL-EBI” Nucleic Acids 44, Bahrami, Y., Bahrami, S., Mohammadi, H.R., Chekani-
Research: 41(Web Server Issue): No. W597-600. Azar, V. and Mousavizadeh, S.A. (2014) The polymorphism
Gasteiger, E., Gattiker, A., Hoogland, C., Ivanyi, I., of GDF-9 gene in HISARI sheep. Biol. Forum, 6(2): 46.
Appel, R.D. and Bairoch, A.J.N. (2003) ExPASy: The pro- 45. Drouilhet, L., Lecerf, F., Bodin, L., Fabre, S. and Mulsant, P.
teomics server for in-depth protein knowledge and analysis. (2009) Fine mapping of the FECL locus influencing prolif-
Nucleic Acids Res., 31(13): 3784-3788. icacy in LACAUNE sheep. Anim. Genet., 40(6): 804-812.
Chu, M., Yang, J., Feng, T., Cao, G., Fang, L., Di, R., 46. Mishra, C. (2014) Genetic basis of prolificacy in sheep. Int.
Huang, D., Tang, Q., Ma, Y. and Li, K.J.M. (2011) GDF9 J. Livest. Res., 4(1): 46-57.
as a candidate gene for prolificacy of small tail Han sheep. 47.  Zamani, P, Nadri, S., Saffaripour, R., Ahmadi, A., Dashti, F.,
Mol. Biol. Rep., 38(8): 5199-5204. Abdoli, R.J.T. and Production, A.H. (2015) A new mutation
Abdoli, R., Zamani, P., Mirhoseini, S., Ghavi Hossein- in Exon 2 of the bone morphogenetic protein 15 gene is
Zadeh, N. and Nadri, S. (2016) A review on prolificacy associated with increase in prolificacy of Mehraban and Lori
genes in sheep. Reprod. Domest. Anim., 51(5): 631-637. sheep. Trop. Anim. Health Prod., 47(5): 855-860.
Roy, J., Polley, S., De, S., Mukherjee, A., Batabyal, S., 48. Davis, G.H. (2005) Major genes affecting ovulation rate in
Pan, S., Brahma, B., Datta, T.K. and Goswami, S.L.J. (2011) sheep. Genet. Sel. Evol., 37(Suppl 1): S11-S23.
Polymorphism of fecundity genes (FecB, FecX, and FecG) in 49. Tong, B., Wang, J., Cheng, Z., Liu, J., Wu, Y., Li, Y., Bai, C.,
the Indian Bonpala sheep. Anim. Biotechnol.,22(3): 151-162. Zhao, S., Yu, H. and Li, G. (2020) Novel variants in GDF9
Barzegari, A., Atashpaz, S., Ghabili, K., Nemati, Z., gene affect promoter activity and litter size in Mongolia
Rustaei, M. and Azarbaijani, R.J.R. (2010) Polymorphisms sheep. Genes, 11(4): 375.

soskoskeoskoskoskskosk

Veterinary World, EISSN: 2231-0916

112



