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KF202095), while it was presented as homozygote TT  
in both Baggara cattle strains (Fig.12 -C). No mutations 
were detected at in the A and B parts of the sequence  
(Fig. 12 A,B).

In Phylogentic analysis, IGF1 gene sequence of the Nyalawi 
and Mesairi clustered within the same main cluster of 
Bos indicus while the Bos taurus clustered in a different 
isolated cluster (Fig. 13). 

Selected sequences were submitted at the GenBank and 
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Fig 7. Comparison of the GH1 (exon5) 
sequences of Baggara, Kenana and Butana 
cattle* Accession numbers: EF592533 and 
EF592534 are the sequences of Butana and 
Kenana of GH1 gene in the GenBank. M: 
Mesairi strain, N: Nyalawi strain. Aligned 
sequences of complete exon5 and flanking 
region are presented in 9 patches and given 
letters for simplicity (A, B, C, D, E, F, G, H & I)

Fig 8. Phylogenetic tree of the GH1 gene sequences 
of Baggara, Kenana (EF592534.1) and Butana 
(EF592533.1) cattle

Fig 9. Agarose gel electrophoresis (2%) displaying PCR amplification of 
Baggara IGF1 5’- flanking  region. Lanes: 1-7 PCR products of samples. 
Lane 8: 100 bp DNA Ladder

Fig 10. Agarose gel electrophoresis (2%) displaying SnaB1 restriction 
digest of an amplified portion of Baggara IGF1 gene in the 5’- flanking 
region. Lanes: 1, 4, 5 and 6 representing CC genotype  (249 bp). Lane 
3 representing TT genotype (223+26). Lanes 2 and 7 representing CT 
genotype (249+223+26). Lane 8: 50 bp DNA ladder
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the following accession numbers were given for the GH1 
and IGF1 respectively:

MG879304, MG879305, MG879306, MG879307,  MG879308 
and MG879299, MG879300, MG879301, MG879302, 
MG879303.

DISCUSSION 

The implementation of genomics creates many opportunities  

for beef cattle production through increased genetic 
progress and the inclusion of new traits of economic 
importance in the selection programs. The identification  
of potential SNPs in selected breeds or environments 
will make the exploitation of novel genomic selection 
methodologies in farm animals possible. Better genetic 
characterization of local breeds can help increase selection 
intensity and decrease generation interval. Local breeds  
in Sudan are generally poorly characterized and there 
is the possibility of detecting new mutations. In the 
current study, two important Sudanese Baggara cattle 
(Nyalawi and Mesairi) were targeted for genotyping in two 
important candidate genes in beef production. Sequencing 
was performed for the purpose of confirmation and to 

detect new mutations if any. The results 
of genotyping of the SNP 2141C>G 
(Leu/Val substitution) showed that all 
Nyalawi and Mesairi bulls in our study 
were homozygous for 2141C allele (Leu 
variant). A previous report [3] mentioned 
that the genotyping results (using PCR-
RFLP) for Nyalawi and Mesairi (Baggara 
cattle) in exon 5 showed similarity 
between the strains although they were 
phenotypically different. Musa et al.[15] 
reported that the 2141C variant (Leu) 
appeared to be monomorphic in all 
studied animals of Kenana and Butana 
cattle. The mutation was also not found 
in Bali cattle [16]. 

Another group [17] found that the sub-
stitution at the same position of the GH1 
occurred with allele frequencies of 0.85 
and 0.15 for C and G alleles, respectively, 
in Podolian cattle in Southern Italy. The 
excess of homozygotes (100% CC) in 
the current study, which resulted in the 
disequilibrium, may reflect a series of 
events such as inbreeding, selection, 
genetic drift or population subdivision. 
However, some mutations were detected 
in the sequenced region the GH1 
sequence of Baggara strains including 
the 2291A>C SNP. According to GenBank, 
the mutation was previously reported 
in Butana, Kenana, Pakistani Dhanni, 
Red Sindhi, Sahiwal and Kamori cattle 

breeds GH1 sequence (accession numbers EF592533, 
EF592534, DQ307369, DQ307370, EF451794 and EF451795, 
respectively). 

Two other mutations were also detected in Sudanese 
Baggara GH1 sequence. The first mutation is 2230 C>T 
SNP which appeared in the Nyalawi subtype only. A similar 
result was mentioned by another group in Indonesia [18] 

who reported the same C>T SNP as a new mutation in 

Fig 11. The chromatogram of the sequenced 5’-noncoding region IGF1 
gene showing homozygote (CC and TT) and the heterozygote (CT) 
genotypes

Fig 12. Comparison of the IGF1 gene sequences of Baggara, Bos taurus (AF404761 and 
KF202095) and Bos indicus cattle (KM111250). M: Mesairi strain. N: Nyalawi strain. Aligned 
sequences of partial 5’ UTR are presented in 3 patches and given the letters A, B, & C

Fig 13. Phylogenetic tree of the IGF1 gene sequences of Baggara, Bos taurus and Bos indicus 
cattle. M: Mesairi strain, N: Nyalawi strain
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exon five of Aceh cattle (Banda Aceh and Indrapuri). The 
second mutation (2258 bp C>T) appeared in the two 
strains of Baggara cattle. The 2258 C>T SNP was previously 
associated with average daily weight gain (ADG) and carcass 
weight (CWT) [19]. The high allele frequency of the favorable 
allele (C) in both European and Asian  Bos taurus  breeds 
indicated that selection for genetic improvement of ADG 
and CWT is associated with the SNP or a locus at Linkage 
disequilibrium with the SNP [19]. There is a need to further 
investigate this important mutation in all strains of Baggara 
cattle. However, according to GenBank records those two 
SNPs were not reported in Butana and Kenana cattle. 

The results of PCR-RFLP also indicated that Baggara cattle 
strains showed the existence of the targeted SNP of the 
IGF1 gene. Genotype frequencies were: 86% (CC) and 14% 
(CT) in Nyalawi subtype compared to 86% (CC), 13% (CT) 
and 2% (TT) in Mesairi. Using Chi-square (χ2) test, both 
Nyalawi and Mesairi strains were shown to be at Hardy-
Weinberg equilibrium (χ2=0.407and 1.085, respectively) 
in this locus indicating low exchange of alleles between 
populations, large population size, and no selective 
pressure for or against any genotype.

The TT genotype was found only in the Mesairi subtype at a 
low allele frequency. The reported frequency of the T allele 
(0.079) was very low in Mesairi subtype in comparison to 
other reports in which allele frequencies of T and C alleles 
were 0.64 and 0.36, respectively, in Angus cattle [11], 0.48 
and 0.52 in Polish Holstein-Friesian cattle [20], 0.55 and 0.45 
in a population of Holstein cattle [21], 0.56 and 0.44 in two 
commercial lines of dairy cattle [22] and 0.54 and 0.46 in 
Polish Holstein-Friesian heifers [23].

Our results disagree with those previously published [3] 
in Sudan using the two Baggara strains in which only the 
homozygous CC genotype was found. They considered 
that the reason for the differences in growth rate between 
Bos taurus and Baggara cattle could be due to nutritional 
factors. One study [24] proposed that allele B (C allele) is 
characteristic to indicine populations as it was fixed in a 
Nellore population.

A potential expression changing SNP was detected at 
-468 bp (T-A). This SNP was presented in homozygous 
TT in all sequenced samples and was only observed in 
both Bos taurus (AF404761) and Bos indicus (KM111250). 
Preliminary analysis indicated changes at putative trans-
cription factor binding sites (PROMO software). The 
ancestral allele could be any of the detected alleles. Such 
SNPs might have significant importance in population and 
evolutionary studies. 

The newly detected mutations were not previously 
reported in Baggara cattle and their frequencies should 
be validated. The transition mutation in the GH1 sequence 
at 2258 bp (C/T) position which existed in the sequences 
of the two Baggara strains and its association with growth 

traits should also be investigated. More SNPs need to be 
screened among Sudanese Baggara cattle to reveal the 
genetic profile of this important cattle ecotype in Sudan 
and other African countries using high throughput 
techniques.
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