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Abstract: Genomic DNA was extracted from whole blood of three Desert sheep subtypes (Dubasi, Watish
and Shugor) using the guanidine chloride method aiming at detecting possible mutation that may associated
with litter size in the Desert sheep of Sudan. The PCR-RFLP using Hhal restriction enzyme and sequencing
techniques sequencing were used for genotyping the GDF9 locus in the three subtypes. The amino acid
change resulting from the GI mutation was Arginine to Histidine at residue 87. The wild type allele (A) had
the highest frequencies, whereas the mutant type allele (2) had the lowest frequencies in all studied subtypes.
The genotype frequencies of the wild type ewes (AA) were higher than the heterozygous (Aa) and the mutant
type (aa) frequencies in the studied three populations of sheep. There were no significant differences in the
allele frequency between the three subtypes. Litter size was significantly influenced by genotypes of GDF9
gene, parities and subtypes (P<0.01, 0.01 and 0.05, respectively). Watish ecotype in the second parity and
the heterozygous individuals recorded the highest litter size. Four samples of DNA were sequenced. The
results of alignment of GDF9 gene samples with the database entry indicated that all three subtypes were
similar and identical to the reference sequence. The phylogenetic tree revealed that, Shugor is the common
ancestor of studied subtypes and Watish is more related to Shugor than Dubasi. This result might explain the
lower reproductive performance of Dubasi compared to Watish and Shugor.
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1. Introduction:

Growth differentiation factor 9 or FecG is a member of the transforming growth factor f3
that is released from oocytes during folliculogenesis. It also inhibits granulosa cell
apoptosis and follicular atresia which is essential for normal follicular development from
the early stage in sheep (Khodabakhshzadeh et al., 2016). Other functions of GDF9 gene
include cellular processes involved in reproduction, female gamete generation, female
gonad development, multicellular organism reproduction, multicellular organismal
reproductive process, ovulation cycle process, regulation of reproductive process, sexual
reproduction, transforming growth factor beta receptor signaling pathway, transmembrane
receptor protein serine/threonine kinase signaling pathway (Mostafavi et al., 2008).

Ovine GDF9 gene spans approximately about 2.5 kilo bases at chromosome 5 and contains
two exons separated by one intron (Figure 1). The two exons spanned about 397 and 965
bp respectively. The first encodes for 1-134 amino acids, and the second encodes for 135-
456 amino acids, while the intron spans about 1126 bp (Khodabakhshzadeh et al., (2016);
Chu et al., (2011)). Mutations in GDF9 have different effects on ovulation rate and they
can even cause infertility in some cases (Abdoli et al., 2013). There are eight mutations
(G1-G8) in growth differentiation factor 9 gene (GDF9) two of these mutation G2 and G3
are located in intron while G5 located in exon2 but lead to unchanged sequence of amino
acids (Roy, et al, 2011) (Figure 2). The remaining five nucleotide substitutions (G1, G4, G6, G7,
andG8) lead to amino acid substitutions. For G1 mutation, the heterozygotes ewe had the highest
fertility whereas the mutant type ewes had non additive effect on ovulation rate and causing sterility
(Hanrahan et al, 2004). The effect of this mutation (FecG1) is about 1.4 lambs per ewes. (Barzegari
et al., 2010) attributed that to the possibility that the absence of this gene blocks the follicular
growth at the primary stage in homozygotes, which results in sterility, while inactivation of only
one copy of GDF9 increases the ovulation rate. GDF9 gene was known to influence ovulation rate
in a dose-responsive manner (Vage et al., 2013).
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Figure 1: GDF9 Gene Structure, it contains two exons separated by one intron(Roy et al., 2011)
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Figure 2: The most reported mutation of GDF9 gene. Note that G2 and G3 are located in intron
while G5 located in exon but lead to unchanged amino acid(Hanrahan et al., 2004)

2. Materials and Methods:

2.1 Genotypic Detection of GDF9 Gene:

The recent research was carried out in the Molecular Biology and Immunology Unit,
Department of Biology, Central laboratory of Veterinary Research, Ministry of Animal
Resources and Fisheries.

2.1.1 Samples Collection:

Blood samples were randomly collected from unrelated 100 ewes. The ewes belonged to
the three subtypes of Sudanese Desert Sheep, namely Dubasi {n= 30}, Shugor {n= 30},
and Watish {n= 40}. Blood samples were taken from the jugular vein and placed in 10 ml
vacuum blood collection tubes containing EDTA. All samples were immediately placed in
an ice box and transferred to the laboratory (The Central Laboratory of Veterinary
Research, Sudan) where they were stored under refrigeration (-20°C) pending DNA
extraction.

2.1.2 DNA Extraction:

Genomic DNA was extracted from whole blood. The extraction was performed and the
DNA purified using Guanidine Chloride method as described by (Gassoum et al., 2014)
with slight modifications. In this method, 3-5 ml blood was collected in EDTA tubes, then
10 ml red cell lysis buffer (RCLB) 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 (WCLB) and 10 pl of proteinase K (10
mg/ml) plus 1 ml Guanidine Chloride and 300 pl Ammonium Acetate, were added,
vortexes and incubated at 37°C overnight. Then, an equal volume of chloroform in new
Falcon tube was added, mixed well and centrifuged at 6000 rpm for 5 mints .The upper
layer was collected in to a clean Falcon tube and 10 ml of cold ethanol (95%) was added
and incubated at — 20°C overnight. Thereafter, the sample was centrifuged for 10- 15
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minutes carefully at 6000 rpm, the supernatant discarded. Then, the pellet was washed with
4 ml of 70% ethanol and centrifuged for 7 min at 12000 rpm, and the supernatant discarded.
The previous steps were repeated till the pellet became clear and was dried for 1-2 hours.
Then 100 ml of Tries Acetate (TE) buffer or 20 pl distilled water was added and stored at
-20° C.

The quality of the extracted DNA was checked by adding 2ul of template DNA and 3ul of
loading dye, and visualized on 1.5% Agarose gel by using buffer containing ethidium
bromide. The images of each gel or the DNA band were photographed using Bio-Rad Gel
Documentation 2000 system. The good quality samples were kept till use.

2.1.3 Amplification of Growth Differentiation Factor 9 gene:

The amplification reaction was carried out by RFLP-PCR and the conditions were as
described by (Hanrahan et al., (2004); Moradband et al., (2011) (Table 1) using 35 cycles
at 95° C for 300s at initial denaturation, followed by 94° C for 45s at denaturation, 58° C
for 40s at annealing, 72° C for 60s at extension and final extension at 72° C for 10 min.
The PCR products (462 bp) were digested by Hhal restriction enzyme at 37° C for 3 hours.
Then added PCP Products about 7 pl with 2 ul buffer, 0.5 pl Hhal enzyme, and 0.5 pl
bovine serum albumin (BSA) as enhancer. The mixture was made up to 25 pl by addition
of sterilized distilled water, then spinned for 30s, and incubated at 37° C overnight. The
amplified samples were loaded on 1.5% agarose gel and visualized by U.V under gel
documentation system.

Table 1: The primers and restriction enzyme

Gene Point Primer | Primer PCR Annealing Restriction | Reference
mutation | name Sequences | Produc | temperature | Enzyme
5'-3 t (bp)
G9- 5'- 462bp | 58°C Hhal Hanrahan et
GDF9 | G1 1734F | GAAGAC al, (2004);
TGGTATG Moradband
GGGA etal, (2011)
AATG-3'
G9- 5
2175R | CCAATC
TGCTCC
TACAC
ACCT-3'

Source: Modified from Hanrahan et al., (2004); Moradband et al., (2011)

2.1.4 Gene and genotype frequencies estimation:

Gene and genotype frequencies were calculated based on the counting method as described
by Falconer and Mackay (1996), which depends on the genotype numbers observed in the
population according to the following equations:

P=[AA+%Aa]/N

Q= [aa+¥2Aa]/N

Where:

P =The wild type allele frequency.

Q =The mutant allele frequency.

AA=The observed numbers of wild type individuals.
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Aa = The observed numbers of heterozygous individuals.

aa = The observed numbers of mutant type individuals.

N = The total number of observed individuals.

The Chi square test was used to test Hardy-Weinberg equilibrium.

2.1.5 Association analyses between genotypes, parity number and Litter size in
studied breeds:

The association between genotypes of the studied fecundity genes, parity number and litter
size in the three sheep breeds under study was analyzed using the General linear model
(GLM) method, performed by IBM SPSS Statistics version 21 (Statistical Package for the
Social Sciences). The chi-square test was used to check the statistical significance, and a
p-value of <0.05 was considered not significant. Analysis of variance and Duncan multiple
range test (DMRT) were carried out as appropriate to assess the statistical significance of
various factors affecting litter size. The linear model was:
e Model (1):
Yijk = p + Bi + Gj + Pi + Eijk
Where:
Yij= The litter size record of the ijk™ ewe.
u = The overall mean.
Bi= Effect of the i breed (i = 1-3).
Gj= Effect of the j™ genotype (j = 1-3).
Px= Effect of the k™ parity number (k = 1-4).
Eij=The random error term.

2.2 Sequencing of GDF9 gene:

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

2.3 Bioinformatics Analysis:

2.3.1 Sequences similarity and alignment:

The DNA Chromatograms were presented by the “Finch TV 1.4.0 software” and DNA
cleaning process was done by removing nucleotides with sharp quality (Less than 10) then,
nucleotides of GDF9 gene were blasted against databases to get the most similar and
identical sequences (Johnson et al., 2008). Sequences with high identities were gotten from
NCBI in the FASTA format and they underwent alignment by “Bio Edit 7.0 software” with
the reference sequence (Pruitt et al., 2005) which was obtained from NCBI (Coordinators,
2017) (NC 019484) Then, global phylogenetic trees were designed using “Multiple
sequence alignment by software CLUSTALW” (McWilliam et al., 2013) to determine the
relationship among sheep breeds from different countries. The reference proteins of studied
fecundity genes was obtained from ExPASy-Universal protein resource (Research, 2007).
Nucleotide sequence was translated to protein by EXPASYy translation tool (Gasteiger et al.,
2003) and subjected to multiple sequence alignment by using Bio Edit 7.0 software.



3. Result:

3.1 Allele and Genotype frequencies:
3.1.1 Detection of the G1 Mutation of the GDF9 Gene:

PCR products were detected by running on a 1.5% agarose gel electrophoresis. The results
of amplification of exon 1 of GDF9 gene showed the desired fragments properly amplified
in a product size of 462 bp fragment (Figure 3).

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

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

Restriction digestion of PCR products with Hhal restriction enzyme showed three
genotypes. The wild type animals (AA) had three fragments 254,156 and 52 bp, the
heterozygous animals (Aa) had four visible bands of 410, 254, 156 and 52 bp (Figure 4)
and the mutant type animals had two fragments 410 and 52 bp (Figure 5).
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Figure 4: DNA electrophoretic pattern of G1 point mutation of the GDF9 gene amplified
after digestion with Hhal restriction enzyme in three of Sudanese sheep breeds. Lane 1, 7,
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 5: DNA electrophoretic pattern of G1 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.

3.1.2 Genetic variability:

Table 2 presents the allele and genotype frequencies of GDF9 gene. The wild type allele
(A) had the highest frequency, whereas mutant type allele (a) had the lowest frequencies
in Dubasi, Watish and Shugor breeds. The genotype frequencies of the wild type ewes
(AA) was obviously higher than the heterozygous (Aa) and the mutant type (aa)
frequencies in the three populations of sheep breeds under study.

Chi-square test was used to assess the Hardy - Weinberg equilibrium. The Chi-square test
showed that the examined populations of Dubasi (32=0.63), Shugor (y2=0.16) and Watish



(x2=0.04) were in Hardy-Weinberg equilibrium, while the pooled population of the three
breeds was not (y2=14.00).

Table 2: Allele and genotype frequencies of the point mutation G1 of the GDF9 gene in
Dubasi, Shugor and Watish sheep breeds!

Breed Number of animals Allele frequency  Genotype frequency H.W.E
Total AA Aa aa (A) (a) AA Aa aa  (y2- value)
Dubasi 26 16 8 2 0.77 0.23 0.61 0.31 0.08 0.63NS
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 0.04NS
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)

3.1.3 Association with litter size:

The least squares means and standard error for litter size of the different GDF9 genotypes
and parities in Dubasi, Shugor and Watish sheep are given in Table 3 The ewes with
heterozygous (Aa) and homozygous wild type (AA) genotype had 0.346 and 0.207 lambs
more than the homozygous (aa) genotypes, respectively. Moreover, the Watish breed had
a higher litter size followed by Shugor and Dubasi breeds. The 2" parity was higher in
litter size followed by the 3", 4" and 1% parities.

The analysis of variance results of litter size in the three sheep breeds are presented in Table
4 Litter size was highly significantly influenced by genotypes of GDF9 gene, parities and
breeds (p<0.01).

Table 3: Association between GDF9 genotypes and parity number with litter size trait in
Dubasi, Shugor and Watish sheep breeds?

Variable Type / Number Litter Size
Dubasi 1.1344 0.053%
Breed Shugor 1.232+ 0.053%
Watish 1.307+ 0.051°
AA 1.2474 0.033°
Genotype Aa 1.386+ 0.046"
Aa 1.040+ 0.094
o 1.130+ 0.053?
%nd 1.357+ 0.053"
Parity Number 30 1.211+ 0.058°
1.201+ 0.072%
4th
Grand mean 1.224+ 0.037

IMeans with same superscripts within each item are not significantly (P<0.05) different.



Table 4: Analysis of variance: The effect of breed, GDF9 genotypes and parity on
litter size in the three breeds®.

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

Breed 2 1472 0736 3.057* 0.020
Parity 3 2364  0.788 4.234%% 0.006
Genotypes 2 2411 1.205 6.479** 0.002

1SM = Sum of squares, DF = Degrees of freedom, MS = Mean of squares. *p < 0.05, **P
<0.01.

3.2 DNA Sequencing of GDF9 gene:

Four different samples of DNA that were not used in the restriction enzyme analysis were
subjected to sequencing. The objective was to broaden the sample base [accession numbers
were: A-Dubasi (MN862511); B-Dubasi (MN862512); C-Shugor (MN862513); D-
Watish (MN862514)]. The results of alignment of GDF9 samples with the database entry
indicated that all three breeds (Dubasi, Shugor and Watish) were similar and identical to
Reference sequence. No nucleotide changes were observed and no mutations were detected
in these four samples (Figure 6).

. T'H‘HH‘HHlHHlHH‘TTTT‘HH‘HHlHH‘TTTT‘TTH‘HHlHHlHH‘TTTT‘HH‘HHlHH‘TTTT‘TTH‘HHlHHlHTT‘TTTT‘HH‘HHlHH‘H

o 1000 180 1820 1B 1540 160 1860 160 1580 1%0 10 1510 130 1930

Ref 8eg CTTITRT 305 16 GGG
A-Dibasl A it b
-Dibasi A e
C-Shugor A e A
D-Fatish } e Al
Narvay A Ach 16 G
Brazil 1 )

[ran A A5G
Boypt 1 FUEN VAGER U
Ching i e e
3 3 e
Irag A Bk 6 GGG
lexico 1 e



H‘HH|HH|HH|HH‘HH‘HH‘HH‘HH‘HH|HH|HH‘HH‘HH‘TTH‘HH‘HH|HH|HH|HH‘HH‘HH‘HH‘HH‘HH|HH|HH‘HT
: I

N A 1 4 1 - 1 A A R /A A

Ref g b B {6 AEI G R B RGHRS REMGRDG
M-Tubast i el GA RRAG 100G 8 A RGRRRRGE | (BVARGG BA G
bzl t s ST 0 e S e A
(-Shugor B b6 16 RERIG G R B RGIRAG RANGAAG
I-Fat1sh ol i el GA RRAG 100G 8 A RGRRRRGE | (BVARGG BA G
orway o b AR G B BCRIS AEAGGAA G
Brazil b bl GBGAIGEE B GoeR G MRAG G & 0 BGARRAGG | (AAGG AR G
Iran b e e e %G MGG B85 B G
ot i WO H MM GY LG5 B G
Ching i K e e e Sl 7 O 00 e e T

” : Go 0 Behich e e 3 cielcs B AGs B G
o i g GG B MG

Nerico i it G 6 B REA IR DG W A G

. |TT|’|’|1TTI’|1TTI’|11TT|I"I'IT‘I'I'IT‘I’I"I'I‘TI'I'I‘TI'I"I|TT|’|’|1TTI’|1TTI’|11TT|I1TT|I"I'IT‘I'I"I'I‘TI’I'I‘TI’I’1|TTI’I|TTI’I’|1TTI’|11

s2070 2080 2090 2100 2110 2120 2130 2140 2130 2160 217

Ref Seg A B [ GuG 0 BG B BAG AGG
A-Dubasi A 2 G BGG
B-Dubasi [ 2 A6 1 2AG Ach
C-Shugor 3 1G B RBG AGG
D-fatish [ 2 el
Norway 2 2 163 R
Brazil 2 2 G ARG R
Iran A 2

Eqypt 2 ' 2 AG B IAG AGE
China 2 2 A6 122G AGh
U3a A i AG 3 RAG AGG
[rag

Mexico 28 GbL G GuG 1 AG B BAG AGG GEGER GG GG AGH

Figure 6: Similarity and Identity of alignment between the GDF9 DNA sampled from the three breeds and
the database Ref Seq (Bio-Edit 7.0 software), Irag (MF416087), Norway (HE866499), Egypt (KT357485),
Brazil (FJ429111), Iran (KX377509), China (KR063137), USA (AF078545), and Mexico (KT8530)
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On conservation level, all Sudanese breeds were conserved with the Reference sequence
as shown in Figure 7.
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Figure 7: Conserved regions in alignment of GDF9 gene with database and Ref Sequences (Bio-Edit 7.0
software), Iraq (MF416087), Norway (HE866499), Egypt (KT357485), Brazil (FJ429111), Iran
(KX377509), China (KR063137), USA (AF078545), and Mexico (KT8530)

There wasn’t any change at the DNA level. All translated amino acids were the same
according to reference sequence without any mutation as shown in Figure 8.
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Figure 8: Amino acid alignment of GDF9 gene with ref sequence using Bio-Edit 7.0 software

Figure 9 shows the phylogenetic tree for the three breeds. The two samples of Dubasi breed (A
and B) were the most related to each other, Norway is the most related global sample to
Sudanese breeds (Including Watish and Shugor). Brazil, china and Mexico were out grouped.
In addition, China and Brazil were more related to each other than Mexican samples.
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Figure 9: Global Phylogenetic tree (Multiple sequence alignment by CLUSTALW). Iraq(MF416087),
Norway(HE866499), Egypt(KT357485), Brazil(FJ429111), Iran(KX377509), China(KR063137),
USA(AF078545), and Mexico (KT8530).

4. Discussion:

In the current research, we analyzed the polymorphic variations of the gene coding for the
growth differentiation factor 9, a member of the transforming growth factor B superfamily.
This superfamily has a vital role in female fertility and the GDF9 Protein is very essential
for ovarian follicular development in sheep especially in the early stages of folliculogenesis
(Otsuka et al, 2010). This study focused on scanning for the G1 point mutation located in
exon 1 of GDF9 gene in three Sudanese sheep breeds.

PCR-RFLP is a dependable and simple method used to study the polymorphisms of the
GDF9 gene in many sheep breeds. In this study the scanning for the G1 mutation was done
in Dubasi, Shugor and Watish sheep breeds in Central Sudan. The results showed that the
frequency of the mutant allele was low (0.22) compared to wild type allele (0.78) in all
three studied populations. However, the results showed that GDF9 locus was polymorphic
in the studied individuals and the frequency might change if a larger sample is used. This
result is in agreement with reports in Belclare and Cambridge breeds (Hanrahan et al,
2004), Arkha Merino sheep (Farajzadeh et al, 2007), Moghani and Ghezed breeds
(Barzegari et al, 2010), Sangsari sheep (Kasiriyan et al, 2011), Baluchi sheep (Moradband
et al, 2011), Hisari sheep (Yadollah et al, 2014), Moghani sheep (Ala and Rafat, 2014) and
Saidi sheep (EL, F.Z.A., et al, 2017). On the other hand Gorlov et al, (2018) reported that,
the frequency of the mutant allele was high and there were no observations of wild type
genotypes (AA) in Volgograd and Salsk sheep. EL, F.Z.A., et al, (2017) reported that all
of the observed genotypes were wild type in Ossimi sheep. Whereas, Liandris et al, (2012)
and Nanekarani et al, (2016) reported no observations of the mutant type individuals in
Lori sheep breeds population. The low frequency of the mutant genotypes found in the
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studied Sudanese sheep suggests the possibility of spreading this important mutation in
these breeds by marker-assisted selection (MAS).

The chi-square test results indicated that the populations of Dubasi, Shugor and Watish
sheep were in Hardy-Weinberg equilibrium for the GDF9 locus when considered
separately, while they were not in equilibrium when pooled together. This result is probably
due to the low sample size used in this study. Similar to this report, Nanekarani et al,
(2016); Bahrami et al, (2014) and Kasiriyan et al (2011) observed that populations of Lori,
Hisari and Sangsari sheep were in the Hardy-Weinberg equilibrium at the GDF9 locus.
The inheritance of sheep litter size has been studied by many investigators (Drouilhet et al,
2009; Mishra, 2014 and Zamani, 2015). Litter size varies between and within sheep breeds
and it is governed by ovulation rate and the number of inseminated oocytes (Davis, 2005).
In this study, litter size was significantly affected by G1 point mutation of GDF9 gene and
heterozygous genotypes presented the higher litter size (1.386+0.046) compared to wild
type genotype (1.247+0.033) and homozygous carrier ewes (1.040£0.094) in the studied
Sudanese sheep breeds. This result is in agreement with those obtained in Belclare and
Cambridge breeds (Hanrahan et al. 2004), Baluchi sheep (Moradband et al, 2011), Afshari
sheep (Javanmard et al, 2011). However, Liandris et al. (2012) reported an insignificant
association between the mutation in the GDF9 gene and litter size in Karagouniki breed.
The study showed that, the Watish ecotype demonstrated the highest litter size
(1.307£0.051) compared to the Shugor (1.232+0.053) and Dubasi (1.134+0.053) ecotypes,
which may explain the multiple birth phenomenon usually observed in the Watish ewes as
being partly due to the presence of G1 mutation of GDF9 gene.

In the present study the average litter size in the 2" parity (1.357+0.053) was significantly
higher than other parities. The mean litter sizes of ewes in the 3 parity (1.211+0.058) and
in the 4™ parity (1.201+0.072) were not statistically different and were higher than the litter
size of ewes in the 1% 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 season
of the selected ewes. The amount of available pasture depends directly on the intensity of
the rainy season which varies from one season to the other in these states.

In the sequence analysis, different four samples were used as mentioned previously for the
purpose of expanding and generalizing the results. Our findings showed that there was no
any amino acid change and no nucleotide addition, substitution or deletion was found in
the tested samples of Sudanese breeds and therefore the protein function is maintained.
Also the results of alignment of GDF9 gene samples with database sequence indicated that,
all the breeds tested (Dubasi, Shugor and Watish) were similar and identical to the
reference sequence. On the other hand, the phylogenetic tree analysis (Figure 9) showed
that USA sample (AF078545) is the main common ancestor of Egypt sample (KT357485),
Iran sample (KX377509), Iraq sample (MF416087), Shugor sample (C), Watish sample
(D), Norway sample (HE866499) and Dubasi sub groups (A and B). Whereas Brazil
(FJ429111), China (KR063137) and Mexico (KT8530) were out grouped. According to
this finding Shugor breed is the common ancestor of studied Sudanese breeds and Watish
breed is more related to Shugor than Dubasi breed. This result may explain the lower
reproductive potential present in the Dubasi breed compared to Watish and Shugor.

5. Conclusion:

Genotypic characterization together with phenotypic characterization is an important step
in any sustainable conservation or breeding programme. The results of the present study
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revealed that the presence of one copy of GDF9 gene increased the litter size in the studied
Sudanese sheep. This is in agreement with the litter size effects of this gene found in the
prolific sheep breeds in the world.
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