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Genetic Characterization of Sudanese Baggara Cattle Using PCR-RFLP Technique
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Abstract: This study was conducted to identify polymorphisms in promoter and coding regions of the
Baggara cattle growth hormone (GH), growth hormone receptor (GHR) and insulin-like growth factor-1
(IGF- 1) genes to distinguish between these cattle sub-types according to differences on these regions.
Amplified fragments for GH, GHR and IGF-1 genes were found to be similar in all Baggara cattle sub-
types. Polymerase chain reaction based restriction fragment length polymorphism (PCR-RFLP) genotyping
for GH and IGF-1 exon 5 and 1 respectively indicated that Baggara cattle sub-types were similar for these
regions of genes. Compared to temperate cattle from other studies the GH at exon 5 of Baggara cattle was
found to be different.
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INTRODUCTION

Baggara cattle represent an important part of
animal husbandry in Sudan. These cattle were
described as short horn zebu having variable colors and
sizes[15]. The classification based on historical,
anthropological and morphological evidence is not
satisfactory for the purpose of breed conservation and
utilization. Breed characterization requires knowledge
of genetic variation that can be measured within and
between populations[11]. Information on genetic
relationship in livestock within and between species has
several important applications for genetic improvement
and breeding programs[2].

Growth hormone has proven to be the major
regulator of postnatal growth and metabolism in
mammals and thus affects growth rate, body
composition, health, milk production and aging by
modulating the expression of many genes[12,14,4]. Growth
hormone receptor (GHR) mediates the biological action
of GH on target cells by transducing the myogenic
stimulating signal across the cell membrane and
inducing the transcription of many genes[3,17]. While
Insulin-like growth factor-1 (IGF-1) plays an important
physiological role in the growth and development of
mammals by acting locally in specific organs or
globally through circulating IGF-1[21]. Serum IGF-1
concentration is associated with growth rate in many
livestock species[1,10]. Selection studies in Angus cattle
demonstrated a high heritability (0.48 ± 0.13) for mean
serum IGF-1 concentration during the postweaning

period, suggesting a strong additive genetic control of
this growth factor[6].

The objective of this study was to identify the
genetic markers and characterize polymorphisms in GH,
GHR and IGF-1 genes among three sub-types of
Baggara cattle (Nyalawi, Mesairi and Rizaigi) by using
polymerase chain reaction and restriction fragment
length polymorphism (PCR-RFLP) techniques.

MATERIALS AND METHODS

One hundred Baggara cattle represented by the
three sub-types (50 Nyalawi (White and Black), 25
Mesairi and 25 Rezaigi) were carefully selected from
Animal Production Research Center (Kuku) Sudan. 

Under aseptic condition blood samples were taken
from jagular vein of each bull using vacutainer
containing EDTA as an anticoagulant. Genomic DNA
was isolated and purified according to Promega
Corporation by Wizard genomic DNA purification Kit.

Using PCR with primers encompassing the
promoter region and exon 5, 10 and 1 DNA fragments
of the GH, GHR and IGF-1 genes respectively, were
amplified from genomic DNA for each bull. Amplified
fragments were analyzed for polymorphism using
restriction enzymes Alu 1 and SnaB 1 for GH and
IGF-1 respectively. PCR was performed in a reaction
volume of 30 µl constituted of 1.5 µl of genomic DNA
from pooled samples, 8 pmol of each primer (Table 1),
and 200 µm each dNTP, 3 µl of enzyme buffer and 1
unit of Taq polymerase enzyme. Thermal cycling was 
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Table 1: Sequence and position of oligonucleotide primers used in the GH, GHR, IGF-I genes
Primer  Primer sequence Location
GHE5F 5/-TAG GGG AGG GTG GAA AAT GGA -3/  2054-2074
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
GHE5R 5/-GAC ACC TAC TCA GAC AAT GCG -3/  2457-2437
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
GHRE102F 5/-GCGTAGCTACTCAACTCATCAAACTGCCCATAC-3/ Not known
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
GHRE102R 5/-AGC CAA CCC TGT GCC ATT CAA-3/  Not known
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IGF677F 5/-ATT ACA AAG CTG CCT GCC CC-3/  1427-1446
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IGF897R  5/-ACC TTA CCC GTA TGA AAG GAA TAT ACG T-3/ 1676-1648
Sources: (Ge, et. al., 2000, 2001 and 2003).

carried out by initial denaturation at 94ºC for 2 min,
followed by 31 cycles each at 94 Cº for 1min.,
annealing temperature at 58 Cº for 45 sec.,
polymerization temperature at 72 Cº for 1 min. and
final extension at 72 Cº for 5 min. Amplified
fragments were separated on 1.5% agarose gel stained
with ethidum bromide and visualized on UV
transillumintor and fragments size scored by using
DNA marker 100 bp.

A total of 40 individuals, 10 of each (White
Nyalawi, Black Nyalawi, Mesairi and Rizaigi) were
genotyped using PCR-RFLP method. PCR was
generated from exon 5 of GH gene. Amplified
fragment was digested with Alu 1 enzyme while exon
1 of IGF-1 gene was digested with SnaB 1 (Promega
Co., Madison W1). Five microliters of PCR products
were digested with 3 units of restriction enzyme in 10
µl of reaction volume at 37Cº for 3h. The digested
products plus 3 µl of loading dye were run in 1.5%
agarose gel for 1 h and viewed under UV
light.Sources:[9]

Results: As seen in Fig (1) 427 bp fragments was
amplified from exon 5 of the growth hormone (GH)
gene of all Baggara cattle sub-types. When this
fragment was digested with AluI enzyme, three
fragments were produced (200, 147, and 80 bp). The
200 and 147 bp fragments were distinguished by the
agarose gel while the 80 bp fragment was undetectable
fig (2). Thus Baggara cattle sub-types were similar at
exon 5 of the growth hormone gene.
1. 1.5% agarose gel showing PCR products for

growth hormone gene exon 5 (427 bp). Lane 1:
molecular size marker (100 bp); lane 2: negative
control; lanes 3 and 4: white Nyalawi; lanes 5 and
6: Black Nyalawi; lanes 7 and 8: Mesairi; lanes 9
and 10: Rizaigi.

2. 1.5% agarose gel showing digestion of PCR
products (GHE5F/GHE5R) with AluI enzyme.
Lane 1: molecular size marker (100 bp); lane 2:
negative control; panel 1 (lane 3 and 4: white
Nyalawi; lane 5 and 6: Black Nyalawi) were cut

into 200 and 147 bp; lane 7: Un digested band
(negative control) (427 bp) Panel 2 (lane 8 and 9:
Mesairi; lane 10 and 11: Rizaigi; lane 12: white
Nyalawi). 

For growth hormone receptor (GHR) gene a
fragment with more than 528 bp was amplified from
genomic DNA and the fragment size was similar in all
Baggara cattle sub-types (fig. 3). The size of PCR
produce of IGF-1 was 249 bp. There was no difference
between Baggara cattle sud-type in the size of this
genefragment. When the PCR product was digested
with SnaBI restriction enzyme it failed to cut these
fragments (fig. 4).
3. 1.5% agarose gel showing PCR products for

growth hormone receptor gene exon 1. Lane 1:
molecular size marker (100 bp); lane 2: negative
control; lane 3, 4 and 5: White Nyalawi ; lanes 6
and 7: Black Nyalawi ; lanes 8, 9 and 10: Mesairi;
lane11 and 12: Rizaigi.

4. 1.5% agarose gel showing PCR products for
Insulin-like growth factor-1 (IGF-1; 249 bp). Lane
M: molecular size marker (100 bp); lane 1:
negative control; lanes 2 and 3: white Nyalawi;
lanes 4 and 5: Black Nyalawi; lanes 6 and 7: Grey
Nyalawi; lanes 8 and 9: Mesairi; lanes 10 and 11:
Rizaigi.

Discussion: The current study did not show any
difference in size of the GH, GHR and IGF-1 genes at
exon 5, 10 and 1 respectively, of Baggara cattle sub-
types. The comparison of genotyping using PCR- RFLP
between these cattle also showed similarity. This
finding came in agreement with Sid-Ahmed (2005) who
reported genetic similarity between Baggara cattle of
95.9%. Although these sub-types are phenotypicly
different, but genetic differences in the GH, GHR, and
IGF-1 genes studied could be in other places than exon
5, 10 and 1, or the difference within exon 5 and 1 in
other parts than the restriction site for enzyme AluI and
SanBI for GH and IGF-1 respectively, or could be in
other genes related to growth hormone and insulin like
growth factor-1 gene.
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Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:
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Kim and Marshall[13] studied a cow herd of Bos
Taurus that consisted of two breeds, (rotation of Angus
x Hereford, Simmental x Hereford and Tarentaise x
Hereford) and reported that cows with two alleles L
allele: 264, 96, 51 bp and V allele: 264, 147 and 16
bp, when RFLP was used to sequence polymorphisms.

When this result was compared to that of Baggara
cattle which have the same PCR product of 427 bp as
Bos Taurus cattle, the PCR- RFLP genotyping of
Baggara cattle gave one allele (200, 147 and 80 bp),
thus indicating that differences between the two types
of cattle are particularly at the 200 bp. This indicated
genetic differences between Baggara cattle (Bos
indicus) and (Bos Taurus) cattle. This variation might
alter the structure and hence the function of some
proteins, which may exhibit different effects on growth. 

This might come in agreement with Chrenek et al.,
[5]who reported that genotype VV was associated with
lower body weight in Slovak Simmental bulls in
comparison to the bulls with the genotypes LL or LV,
and with Reis, et al.[16] who reported that growth
hormone was shown to be polymorphic in many
breeds, being the distribution of GH variation (LL, LV,
VV) and their frequencies different among each breed.

The findings of the present study that the PCR
product gave a fragment with higher size than that of
Bos Taurus cattle (528) might explain the variation
between Baggara types and Angus cattle in GHR gene
sequences in exon 10. These variations might affect the
number of membranes that bound the GHR molecule,
which are responsible of transducing the myogenic
signal of growth hormone across the cell membrane[3]. 

The finding of PCR-RFLP indicated that Baggara
cattle sub-types were similar in exon 1 of the IGF- 1
gene. When this result was compared with Angus
cattle[9] Angus cattle had three genotyping AA (226 bp),
AB (226 and 249 bp) and BB (249 bp), and that
Angus cattle with BB genotyping gained 3.88 kg, 3.75
kg more than AA and AB genotype. In Baggara cattle
only BB (249 bp) genotypic was found which might
indicated that Baggara cattle have good potential for
meat production. The reason of variation in growth rate
between Angus and Baggara could be due to nutritional
factors as stated by Underwood et al.,[20] who reported
that nutritional stress significantly decreased the
expression of IGF-1 gene and action of IGF-1 at
multiple steps.

Implications: Baggara cattle sub-types have high
genetic similarity in exon (5, 10 and 1) of GH, GHR
and IGF-1 genes respectively. The polymorphism
identified at IGF- 1 gene could be a potential genetic
marker for postweaning growth rate of Baggara cattle.

Further researches are needed hoping to find
genetic markers for the differences between these cattle

subtypes.
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