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This research was mainly to assess the genetic similarity and genetic
distance ofthree indigenous Sudanese cattle breeds (Erashy, Butana and
Kenana). Six arbitrary primers were used to detect DNA
polymorphisms. Two hundred and twenty nine fragments were

Published: October 2017 amplified. A high level of genetic variation was observed among and

within population studied. Genetic distances between populations
ranged from 0.59 to 0.64. Results of phylogenetic analysis indicated
that Erashy cattle breed is genetically closer to Butana cattle breed than
to Kenana cattle breed. The study also concluded that such high level of
genetic differentiation within Sudanese cattle populations leads to the
speculation that they might belong to different breeds despite their
having the same name and similar morphological traits. This study
recommended that genetic characterization of these populations needs
to be clarified in the future by more specific molecular techniques.

Key words:-
Cattle, Rapd-Pcr, Sudan, Genetic
Similarity, Genetic Distance

Copy Right, 1JAR, 2017,. All rights reserved.

Introduction:-

Sudan is considered one of the countries with the largest livestock population in Africa and its climatic diversity
resulted in a diversity in livestock with camels in the Northern belt ,cattle in western and southern belts ,while
sheep and goats are found all over the country , also the huge resources of fish and poultry. In spite of the fact that
agricultural lands represent one third of the country area, only one third have been utilized. In addition, to various
water resources including abundance in rain water which provides good opportunity for water harvesting. This guide
to the conclusion that; Sudan has great livestock potentialities if the proper policies are formulated and implemented
[1]. Indigenous cattle which were estimated by MOARFR [2] about 29.618.000 heads , are considered the
backbone of relevant and sustainable livestock production in Sudan because they are’” compared to high performing
exotic breeds’’ better adapted to harsh environments. Moreover, they require less input and management.

Characterization of local breeds is considered a major obstacle in Sudan, especially in areas of tribal contacts.
Nomadic tribes own most of the animals, even in the large areas of South, few tribes lead a sedentary life [3] .The
large number of tribal breeds or strains in Sudan are mainly designated by external traits, specifically conformation
and sometimes size and branding. The country is so large that obviously some of these groups of animals are
separated geographically for a long time, justifying the assumption of lack of contact; thus, each breed must
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supposedly have a unique set of genes. It will be very useful if relative amount of variation between and within these
populations could be identified [4]. A main prerequisite for the proper management ofAnimal Genetic Resources
(An GR) is to identify and characterize the genetic resources and recognize the extent to which these breeds, strains
and populations differ from each other. Thereafter, comes the talk about development, conservation and/or
utilization of these breeds to the benefit of the country [5].

Local cattle breeds are considered, for many reasons, precious genetic resources that tend to disappear because of
the new market and agricultural demands. Nevertheless, there is a serious risk that most of these breeds will
disappear before they have been fully characterized and studied [6]. On the other hand, the usefulness of phenotypic
traits to study the genetic variation between populations is very limited [7].

Classification using molecular markers provides a large unbiased basis for the estimates of average breed similarities
and/or differences. To date alternative molecular markers are available to characterize cattle breeds, and the Random
Amplified Polymorphic DNA (RAPD) method is one of them with relatively low cost, efficient and easy to apply
widely. The number of loci that could be examined is essentially unlimited unlike other methods [8]. To lay the
ground for further studies, this study was designed with the specific objective of assessing genetic variability among
three indigenous Sudanese cattle breeds using RAPD markers.

Material and Methods:-
The present study was carried out at the Department of genetics, Central Laboratory, Ministry of Higher Education
and Scientific Research, Sudan.

Breeds included in the study:-

Twenty-five (25) animals of each breed were sampled (Erashy, Kenana and Butana cattle breeds), from regions
where each breed is predominantly found. Samples from the Erashy cattle type were obtained from the Aflamaiate
village, north (Delta Elgash) province, Kassala State, Eastern of Sudan. Kenana cattle sampling was obtained from
Um Banein Station situated on the western bank of the Blue Nile, about 360 km south of Khartoum , while samples
of Butana cattle were obtained from the Atbara livestock research station,about 300 km north of Khartoum.

Description of breeds included in the study:-

Kenana:-

Kenana cattle breed is one of the large East African Zebu and has several strains, named Rufaai EI Hoi, Rufaai El
Sherik, Fung, Gezira and White Nile. The breed is believed to have descended from the first zebu introduced to
Africa from West Asia. This breed remained largely with semi-nomadic pastoralists in northern Sudan. They are
distributed east of the confluence of the Blue and White Niles, south-east to the Ethiopian borders, and the western
banks of the Blue Nile to southern Khartoum [9]. They are medium to large in size. Coat color is white or steel grey
with darker shading on the neck and shoulders and a black switch to the tail, blue-grey to white with black shadings
on the head, neck, hump, hindquarters and legs, horns are black. Calves are reddish-brown at birth turning grey by
about six months of age[10] . They have well-developed dewlap commencing under the chin often as a double fold,
and runs well back along the floor of the chest, frequently joining the large umbilical fold [11] . They also possess
sheath. The udder is well developed. Horns are often lost; females have shorter horns than males [10].

Butana:-

It has descended from the first zebu introduction into Africa from West Asia. This breed remained largely with
nomadic pastoralists (Batahin, Shukria), but Dongola and Shendi strains are kept by settled farmers. They inhabit the
Butana plain in central Sudan, an Acacia scrub and desert area lying between the Blue Nile and Atbara River. Being
originated in the Butana plain, east of the Blue Nile, have spread to Gezira in central Sudan and along the river Nile in
the northern region. They are referred to as Dar El Reih cattle across the White Nile in the northern part of Darfur and
Kordofan. It is also found in the northern area of Kassala state [12]. The predominant coat colors is red or dark red,
the tongue, muzzle ,eyelids and around the coronet are black; light red with white may also exist [10]. Dewlap is well
developed and runs down in front of the forelegs forming few folds [13], and is prominent in both sexes.

Erashy cattle:-

Erashy means the white cow in Beja local language [14] , [15], owned by Hadandawa tribe and known as the best
milk breed in the area, and it is divided into two main sub-types coat color of Erashy cattle type was mainly white,
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other colors bright red brown and multi — color [16]. Almost all the animals were found to have black eyes, black to
white eyelids and black eyelashes, tip hair was black and brown, and hoof was black and brown muzzle.

DNA extraction and amplification:-

Genomic DNA was extracted from whole blood and purified according to[17]. Six primers (Table,1) (OPC-01,
OPC-02, OPC-05, OPC-013, OPE,OPE-016 , OPE-018 of Euro fins MWG/Operon Inc., CA, UK)were used, (Table
1) [18]. Amplification reaction was performed using a mixture having final concentration of 5 pl of Master-mix
(Maxim PCR PreMixx Kit (i-Taq); 1. 5 pl of Primer, 1.5 pl of genomic DNA template.

Table, (1):- The base sequences of (10-mer) RAPD primers used for detected polymorphism within local breeds.

Primer | Sequence5’-3 GC- Primer Sequence5’-3 GC-
name Content name Content
OPC-01 | TTCGAGCCAG 60% OPC-013 | AAGCCTCGTC 27.6%
OPC-02 | GTGAGGCGTAC 70% OPE-016 | CACACTCCAG(10) 60%
OPC-05 | GATGACCGCC 70% OPE-018 | TGAGTTGGGTG(10) 60%

Data scoring and analysis:-

Only clearly distinguishable and reproducible bands were considered and data was entered in a computer file as a
binary matrix “0” coded for absence and “1” for presence of a band. The genetic variability within and between
populations were estimated based on the presence or absence of the bands within RAPD patterns. Genetic variability
was calculated according to Nei and Li [19]. Analysis of RAPD patterns involved first combining the total number
of bands for each animal and for all the primers. The number of bands common between each two breeds formed the
basis of calculation of relatedness by the Dice algorithm [19].

Clustering for the result based on similarity matrix which was obtained with Unweighted Pair Group Method of
Arithmetic Average (UPGMA) [20]and relationship within and between breeds was visualized as dendrogram
displaying the hierarchical association among all genotypes. The Similarity Matrix contains all of the similarity
values relating any two samples in the population. Pair wise comparison was made between genotypes, on basis of
bands that showed polymorphism among all genotypes, and the values used to generateNei's genetic distances[19].
The Computations were performed using Person- Unweighted Pair Group Method with Arithmetic mean (UPGMA)
software for data analysis.

Results and Discussion:-

Primer screening andpolymorphic fragment:-

All breeds showed variation with each other on their amplification profile (Table, 2). The total number of
reproducible bands by the six primers reached two hundred and twenty nine (229) bands amplified. The number of
bands amplified in all breeds ranged from 23 to 48 with a mean value of (38.17) bands per primer. The highest total
amplified bands were observed in Butana cattle breed (94) and the lowest ones in Kenana cattle breed (56) were
determined while, in Erashy cattle breed bands were observed (79 ). The maximum numbers of fragment bands (46,
48) were produced by the primer OPC-2and OPE-13 with 100% polymorphism respectively while the minimum
numbers of fragments (23) were produced by the primer OPC-16 with 100% polymorphism. The size of amplified
fragments for the different primers ranged from 150 bp to 1200bp as indicated by the molecular weight marker
(100bp DNA ladder), with the majority of individuals exhibiting bands in the 500 bp. Primers used were found to
have high polymorphism (Table 3). These results indicated that the level of DNA variation was high among the
animals studied, and these findings agreed with many researchers as [21] revealed that the percentage of
polymorphic loci was 80.49, 78.05, and 73.17%, for Kivircik, Gokceada, and Sakiz sheep breeds, respectively.
Mahfouz [22], who analyzed Egyptian sheep breeds, reported that fifty six out of 57 total amplified fragments
(98.25%) were polymorphic loci, and the rest were Monomorphic.Khalidi [23] analyzed three ovine breeds in
Tunisia total of 59 loci were amplified, out of which 47 (79.66%) were polymorphic, andDevrim and Kaya [24]
analyzed ninety-one animals for Turkish cattle breeds and eighteen random primers were screened. A total of 89 loci
were amplified, out of these bands 78 (87.6%) were polymorphic; also some of the primers gave no bands in some
samples. The reason may have either been in low quality DNA or the animal could be homozygote recessive for
these loci. However, Apostol [25] reported that such a case is practically impossible. In some cases, a particular
primer pair may give band in one sex but not in the other. This might be interpreted as the primer is specific to one
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of the sex chromosomes. Some common bands in one breed may be specific to that breed, while some common
bands in different breeds may be explicitly to a higher zoological rank.

Table (2):- List of six primers amplified and total number of fragments of each primer in three breeds of cattle

No. Primers Erashy Kenana Butana Total fragments per primer
1 OPC-1 12 8 17 37
2 OPC-2 14 14 18 46
3 OPC-5 10 9 17 36
4 OPC-13 16 16 16 48
5 OPE-16 9 - 14 23
6 OPE-18 18 9 12 39
Total bands 79 56 94 229
Table (3):- Number of bands generated and percentage polymorphism within cattle breeds as revealed by RAPD
No Primers Total bands Monomorphic Polymorphic Polymorphism%
E B K E B K E |B |K E B K

1 OPC-1 12 17 8 0 0 0 12 117 |8 100 | 100 100
2 OPC-2 14 18 14 0 0 0 14 |18 |14 100 | 100 100
3 OPC-5 10 17 9 0 0 0 10 |17 |9 100 | 100 100
4 OPC-13 16 16 16 0 0 0 16 |16 | 16 100 | 100 100
5 OPE-16 9 14 - 0 0 0 9 14 | - 100 | 100 -
6 OPE-18 18 12 9 0 0 0 18 |12 |9 100 | 100 100

Total 79 94 56 0 0 0

E=Erashy cattle breed B=Butana cattle breed K =Kenana cattle breed

Genetic Variation and Phylogenetic:-

Population studied showed variation on their amplification profile basis (Figure. 1, 2and 3). The genetic similarities
matrix of RAPD was constructed according to Nei and Li [19] coefficient of similarities and distance as shown in
table (4, 5 and 6). In this study RAPD technique using six primers for analysis revealed that the average level of
polymorphism within, Erashy, Kenana and Butana were 81%, 78% and 73% respectively, and the DNA fragment
size ranged from 150 to 1200 bp.High level of polymorphism within these local breeds were probably due to the
reason that these cattle populations are owned by nomadic pastoralists or semi-nomads who move with their animals
from one area to another in search of pasture and water. Consequently mating is more or less random and much
genetic heterozygosity is expected. Within Erashy cattle the selected primers produced multiple bands (79bands).
The number of bands amplified with these primers ranged from 9 to 18 and had a size range of 150 to 1000 bp
(Table 3and Fig.24). Maximum bands number was obtained with the primers OPE-18, while, the lowest number
(9bands) was obtained withPOE-16.

Results reported here indicated that the high polymorphism within Erashy cattle type may be due to crossing Erashy
cattle type with other breeds specially Eritrean due to many reasons such as the crop guarding committee could
easily capture Erashy due to its calmness this lead Erashy owners to cross it with aggressive Eritrean breeds, also
the drought which attack the area led the Erashy owners to cull all the bulls to reduce the cost of feeding, the
prohibition of the animal from entering Elgash scheme for 10 months a very year cause the Erashy owners to graze
inside the Eritrean areas which enhance crossing with other breeds as reported by Elhag [15]. High polymorphism
obtained within Kenana (78%)and Butana cattle in this study was more than that reported by Salah-Eldein [18], who
revealed that the average level of polymorphism by RAPD marker using 10 primers selected for analysis, within
western Baggara (Nialawy), Nilotic ( Majock), Butana and Kenana cattle were 22.9%, 36.8%, 24.4%
and41.3%respectively. High polymorphism detected in the populations included in this study may be due to the
different locations of sampling distributed in large geographical area of Sudan, also the nomadic system which
enhances mating with other breeds. The genetic relationship among population was studied using cluster analysis
based on similarity matrices using UPGMA from RAPD data. Cluster analysis (Figure4), of this current study
concluded that the genetic relationship between Erashy and Butana cattle breed is closer than Kenana cattle. These
results confirm previous data based on some morphological characters as reported by Maule
[10]JandOsman[14],which have shown that Erashy and Butana cattle breeds are similar. Historically pastoral cattle
keepers traverse long distances across borders along with their cattle in search of more conducive environments for
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themselves and their cattle. During these movements there could be possibility for exchange of (genetic material) to
allow gene flow from one population to another [18] and [26]. The phylogenetic trees constructed using UPGMA
program based on RAPD genetic distance values presented in figure (1, 2 and 3) showed relationships within the
three local breeds. It appears there has been extensive gene flow within these cattle breeds and that indicates the
heterozygosity of Sudanese cattle. In conclusion, the results of this study indicated the effectiveness of RAPD
markers in detecting the polymorphism and estimating genetic distance among Sudanese native cattle breeds, and
also the RAPD markers provide a potential tool for studying within and between breeds genetic variability and for
establishing genetic relationships. Approaches employing several DNA marker systems would increase the accuracy
of genetic studies in local animal breeds and species.

14

14

Fig:- 1b

Fig.1:- RAPD polymorphism identify with Erashy cattle breed (1.5% agrosegel). Amplification with primer OPC-
2,(Fig 1a) and OPC1(figlb).

M: molecular size marker 100bp ladder.
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M

Fig: 2a

Fig: 2b

Fig.2 :- RAPD polymorphism identify with Kenana cattle breed (1.5% agrose gel). Amplification with primer OPC-
13,(Fig 2a) and

OPC-1(fig2).

Fig: 3a
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v

M: molecular size marker 100bp ladder.
Fig 3 b:-Fig.3RAPD polymorphism identify with Butana cattle breed (1.5% agrosegel). Amplification with primer
OPC-5,(Fig 3a) and OPE-18(fig3b). M: molecular size marker 100bp ladder.)

Table 4:- Average pair wise Genetic distance matrix among the indigenous Sudanese cattle breeds, computed
according to Nei and Li (1979) similarity coefficient obtaining from RAPD Markers data.

Breeds Erashy Kenana Butana
Erashy 100

Kenana 0.59 100

Butana 0.63 0.64 100

Dendrogram showing relationship within 25 individuals of Erashy cattle breed generated by UPGMA method based
on RAPD analysis
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Dendrogram showing relationship within 25 individuals of Kenana cattle breed generated by UPGMA method based
on RAPD analysis

Dendrogram showing relationship within 25 individuals of Butana cattle breed generated by UPGMA method based

on RAPD analysisB=Butana

Dendrogram showing genetic relatedness among three indigenous Sudanese cattle breeds (Erashy, Butana and
Kenana) based on RAPD data constructed by un weighted pair-group method using arithmetic averages (UPGMA).
Where E, Band K represents Erashy, Butana and Kenana cattle breed respectively.
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