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ملخص البحث
̓اجريت ھذه الدراسة بھدف تحليل الفروق الوراثية بين خمسة انواع من اإلبل السودانية وھى العنافى والعربى والرشيدى
 جمال تمثل الخمسة انواع وأجريت عليھا دراسة نوع من128  استخلص الحامض النووى منزوع االكسجين من.والبشارى والكنانى
.أنواع تقنية تعدد االشكال للجينات والتى تستعمل عادة فى تحليل الجينوم وكذلك فى الدراسات الوراثية للمجتمعات
أستخدمت فى ھذه الدراسة تقنية اإلكثار العشوائى للحامض النووى منزوع االكسجين ذو االشكال المتعددة والتى استخدم فيھا
. جمال تحت الدراسة128 حزاما فى ال18  وقد استعمل فى ھذا التفاعل واحد بادىء عشوائى مما نتج عنه عدد.تفاعل البلمرة المتسلسل
- 5.3  زوج قاعدي بينما تراوح متوسط عدد االحزمة فى الخمسة انواع من اإلبل بين1700 – 150 تراوحت اطوال ھذه الحزم بين
 بين افراد.0.87- 0.54  كما تراوحت قيمة متوسط االحزمة المشتركة بين افراد النوع الواحد من. فى العنافى والكنانى على التوالى6.9
0.359-0.212 وكذلك وجد ان قيمة متوسط االحزمة المشتركة بين كل نوعين من الجمال تتراوحت بين.الكنانى والبشارى على التوالى
 وعند حساب المسافة الوراثية بين كل نوعين من الجمال وجد ان اكبر مسافة كانت. الرشيدى على التوالى-  كنانى والعربى-بين العنافى
.(0.64) ( وأصغرھا بين العربى والرشيدى0.79) بين العنافى والكنانى

Summary
The genetic diversity and relationships between five Sudanese camels' types;
Anaffi, Arabi, Rashidi, Bishari, and Kenanni were investigated. Genomic DNA was
extracted from 128 camels representing the five types. A polymorphic DNA marker
suitable for genome analysis and population genetic studies was employed. This marker
was Random Amplified Polymorphic DNA (RAPD). RAPD analysis was performed by
PCR with one random primer to amplify the genomic DNA of the different camels' types.
The primer resulted in amplification of 18 polymorphic bands in the five camels' types
that ranged in size from 150 – 1700bp. The mean number of bands that were produced in
the five types ranged from 5.3 to 6.9 in Anaffi and Kenanni types, respectively. The
average value of bands sharing within a type ranged from 0.54 to 0.87 between Kenanni
and Bishari individuals, respectively. The values of average bands sharing between these
five types ranged from 0.212 – 0.359 between Anaffi- Kenanni, and Arabi – Rashidi,
respectively.
The genetic distances estimated from RAPD data showed that the highest distance
value was between Anaffi and Kennani (0.79), and the lowest one was that of Arabi and
Rashidi (0.64).

Introduction
Random amplified polymorphic DNA (RAPD) has been proposed by Williams
et al. (1990) as a DNA assay for evaluation of genetic variation and relatedness within
and among species. This assay uses only one short oligonucleotide primer of arbitrary
sequence of about 10 mer in PCR reaction with lower annealing temperature.
Polymorphisms are detected as the presence or absence of particular fragments between
individual animals. RAPD technique has intensively been used to determine the genetic
variation in many animal species e.g chickens (Yap et al., 2010), cattle, (Fedlu et al.,
2007) and sheep (Ali, 2003).
The polymorphism generated by RAPD technique has also been used to
discriminate microorganisms at interspecies and intraspecies levels (Welsh and
McCelland, 1993). Genetic relationship within and between animal species has
important applications in genetic improvement and also in breeding programmes of
farm animals (Appa Rao et al., 1996).
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Shereif (1998) used RAPD technique to differentiate between four breeds of
racing camels (Camelus dromedarius) in the United Arab Emirates. The results
obtained provided evidence that specific RAPD markers can distinguish breeds of
camels. Shereif and Alhadrami (1996) used 7 random 10 mer primers to assess
polymorphisms in 10 racing camels. They concluded that RAPD technique can
effectively reveal polymorphism in camels that cannot, otherwise, be possible by using
blood protein electrophoresis. Further, they found that the choice of the primer used
could greatly affect the amount of the polymorphism generated. Mishra et.al., (1998)
used random primers to assay genetic polymorphism in three Indian camel breeds where
different RAPD fragment patterns were observed for different primers used.
In the Sudan, the camel's population represents 2.2% of the total domestic
livestock population in the country and 26.3% of camels in the Arab world. It ranks 2nd
to Somalia for the camels population worldwide (Sakr and Majid, 1998). The Sudanese
camels are known for their speed in the field of racing; a popular game in Arabic world,
(Shereif. 1998).
There are many methods for classification of camels' eco-types in the Sudan.
Mostly Camels named after the tribes that raise them e.g. Rashidi and Bishari types,
raised by Rashaida and Bishareen tribes, respectively, (Khalaffalla, 1999). A second
classification depends upon the functions of each type, (Abu El Azain, 1996).
According to this classification, the Sudanese camels can be classified into: - pack
camels; 3 types of heavy weight, namely, Arabi, Rashaidi and Kenani. Arabi constitutes
80% of the total population, and the riding camels; 2 types of light weight, namely
Anafi and Bishari.
This study was conducted to determine the genetic variation and relatedness
within and among five camels' types in the Sudan, i.e. Arabi; Bishari Anaffi; Rashaidi
and Kenani.
Materials and Methods
Study area and samples collection:
In the Sudan, most of the camel population is found in the eastern and the
western states of the Sudan. In the western states, the Arabi type constitutes about 96%
of the total camel population (Khalaffalla, 1999), while in eastern Sudan, four types are
found i.e. Anaffi, Bishari, Rashaidi and Arabi. In this study, El Showak and Kassala
areas in eastern Sudan were chosen for collection of camel blood samples from the
above-mentioned four types, while Sennar State area in mid Sudan was chosen for
collection of Kenani samples. Unrelated camel individuals from each type were used in
this study. To confirm the unrelatedness between individuals, herders were questioned
about the parentage before camels were selected for the study where no more than two
animals were sampled. Blood samples (5 ml in EDTA) were collected from the jugular
vein after shaving and cleaning the neck area. Thirty animals of both sexes of Anaffi,
Bishari, Rashidi and Arabi types were used in the study. In addition, eight samples
From Kenanni were taken. These samples were kept on ice containers for not more than
8 hours before performing separation of the white blood cells.
Ten ml of red cells lysis buffer (1mM NH4 HCO3, 115 mM NH4CL) was added
to the blood, mixed thoroughly, and then spun at 3000 rpm for 10 minutes to pellet the
white blood cells. This process was repeated till the pellets were completely clear. A
volume of white. 1.8 ml of white cells lysis buffer was added (400 mM Tris- HCL PH
7.0; 40 mM EDTA PH 8.0; 50 mM Na CL; 0.2 % SDS). The white cells lysates were
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transferred into screw capped tubes and stored at room temperature for several days in
the field until transferred to the laboratory.
DNA extraction:
The DNA was extracted according to the method of Sambrook et al (1989)
where the phenol-chloroform – isoamyl alcohol was used for the extraction.
Primer:
Primer OPB 12 (Operon Technologies, Alameda, USA) that discriminate
between animals of different breeds ( Mishra et al, 1998) was selected for the study.
This primer is 10 mer in length and has 60% G + C content.
PCR Amplification conditions:
The methods used were those of Shereif and Alhadrami (1996) with some
modifications. Briefly, amplification reactions were carried out in a final volume of
25µl containing 10 mM Tris-HCL( PH 8.3), 50 mM KCL, 1.2 % Triton X- 100, 7.5 mM
Mg CL2, 200 µM of each dNTP, 50 ng template DNA and 15 pmol of primer, 1.25 unit
taq. Polymerase.Free DNA mastertmix was used as negative control.
The Amplification was carried out in Perkin Elmer thermocycler and the
programme consisted of 45 cycles each had initial denaturing at 94oC for one minute,
annealing at 34oC for one minute, extension at 72oC for two minutes and final extension
at 72oC for ten minutes. PCR products were stored at 4oC till used.
Agarose Gel Electrophoresis:
A 1.5 % agarose gel (sigma) was prepared according to Sambrook et al (1989).
Five µl of each PCR product were mixed with 3µl of loading dye and loaded onto 1.5%
agarose gel. To determine the sizes of the amplified bands, a molecular weight DNA
marker was used. Gel electrophoresis was run at 55 volt for 2.5 hours.
Statistical analysis:
Amplified fragments were scored as 1 if present or 0 if absent. To estimate the
similarity within and among camel types, bands sharing frequencies were estimated
according to Lynch (1990). The bands sharing frequency within two individuals in each
type (Bab) was calculated as follows:
Bab = 2 bab ⁄ (ba + bb).
Where bab is the number of bands shared between individuals a and b, ba and bb are the
number of fragments score for individual a and individual b, respectively. The within
type bands sharing frequency (B) for all individuals in that type was computed as the
average of Bab across all possible comparisons between individuals within the type.
The band sharing frequencies for two types (Bxy ) was computed by making
comparisons between individuals of every two types (x and y) and taking the average
from all possible comparisons.
Genetic Distance:
Genetic distance Dxy between breeds x and y was computed using band
sharing frequencies between breeds according to Nei (1978) as follows:
Dxy = 1 - B xy. All these calculations were done using Excel programme.
Results
Band Sizes and numbers:
The primer OPB 12 was chosen to amplify individual camel's DNA. It
produced 18 polymorphic DNA fragments ranging in size from 150 – 1700 bp in the
five camel types. The mean numbers of amplified DNA fragments within a type were
5.3 and 6.9 bands for Anaffi and Kenani types, respectively (Table 1).
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Bands sharing within and among camels types:
Bands sharing within and among camels' eco-types were the value of the bands
sharing within Anaffi type was 0.57. This value accounted for. 0.66, 0.81, 0.87, and
0.54 for Arabi, Rashaidi, Bishari and Kenani types respectively (Table 2).
The bands sharing between camels' types ranged from 0.212 to 0.359. The
highest value of band sharing was between Arabi and Rashidi types (0.359) .The lowest
value (0.212) was between Anaffi and Kenani (Table 3).
Table 1: The mean number and sizes of amplified fragments produced by a RAPD
primer from the five camels' types in the Sudan.
Mean No. of
Size- range (b.p)
Type
amplified fragments
Anaffi
5.3
200-1700
Arabi
5.9
150-1700
Rashaidi
5.8
200-1700
Bishari
5.4
200-1700
Kenani
6.9
150-1500
Genetic Distances:
The genetic distances showed that the biggest distance value was between
Anaffi and Kenani (0.79), and the lowest one (0.64) was that between Arabi and
Rashaidi types (Table 4).
Table 2: Estimates of bands sharing within the five Sudanese camels' types:
Type

No. of animal
tested

Average

Anaffi

30

0.568

Arabi

29

0.660

Rashaidi

29

0.806

Bishari

28

0.866

Kenani

8

0.541

Table 3: Estimates of bands sharing among the five Sudanese camels' types
Type
Anaffi
Arabi
Rashaidi
Bishari
Kenani

Anaffi
1
0.330
0.321
0.303
0.212

Arabi

Rashidi

Bishari

Kenanni

1
0.359
0.339
0.230

1
0.355
0.225

1
0. 227

1
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Table 4: Genetic distances among the five Sudanese camels' types
Type
Anaffi
Arabi
Rashaidi
Bishari
Kenani

Anaffi
0.000
0.670
0.679
0.697
0.788

Arabi
0.000
0.641
0.661
0.770

Rashidi

Bishari

Kenanni

0.000
0.645
0.000
0.775
0.773
0.000
Discussion
The camel genome is one of the least understood among economically important
livestock. Use of Random Amplified Polymorphic DNA (RAPD) was based on lack of
knowledge on camel DNA sequences (William et al, 1990). The primer OPB 12 was
selected according to its ability to hybridize with DNA sequences of the different
camels' types. This primer amplified 18 polymorphic bands in the five camels' types
with size ranging from 150 to 1700 bp. This large numbers of bands amplified indicate
its high value in characterization of camels' types. Shereif and Alhadrami (1996) had
similarly showed the value of the OPB12 primer in characterization of racing camels in
the United Arab Emirates. The mean numbers of bands generated by the primer were
almost the same for Anaffi, Arabi, Rashidi and Bishari types, 5.3 to 5.9 (Table 1),
indicating the similarity of the genome screening by this primer for the four types. In a
study of the genetic variation in Indian dromedaries using RAPD technique; Mishra et
al (1998) found 5 – 9 amplified bands with different primers tested.
The patterns of the amplified RAPD fragments obtained showed variation in the
numbers of bands generated by individuals of the same type. Differences in numbers of
bands produced by each individual reflect the ability of RAPD to detect genetic
variation between individual camels. RAPD fragments can be amplified in some
individuals, but not in others of the same diploid organism Williams et al., (1991). The
authors attributed this difference in pattern profile to dominant / recessive inheritance
character in the diploid organisms. Variation on RAPD pattern may also be due to
variation in the sequences of the concerned DNA in form of insertion or deletion which
leads to loss of bands (Herdrick, 1993). Mispairing between 5´ end of the primer and the
priming site could also result in more products, (Williams et al, 1993). However, in vitro
interaction within and between strands during annealing may lead to artifactually
amplified products (Rabouam et al, 1999).
The most important step in RAPD is the standardization of conditions
involved in the PCR reaction to ensure the reproducibility of the amplified fragments
before the inference of the result is taken, based on the absence or presence of a band.
Therefore, in this study, to avoid mis-interpreted data, only strong visible bands were
recorded following standardization of the reaction conditions.
When band sharing frequencies were calculated within the camels' types, the
results obtained showed that the highest values were obtained in Bishari and Rashaidi
types (87% and 81 %, respectively). This result was not unexpected since these two
breeds, as their names indicate, are raised by the two tribes (Bisharien and Rashaidi).
The values of bands sharing frequencies between camels' types showed that the most
related types were Arabi and Rashaidi. Data obtained also showed that the values of
band sharing were greater within a type rather than between types, indicating the close
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relationships between individuals of the same type as compared to individuals of other
types.
The current study shows that RAPD technique provides sufficient, powerful and
informative data to analyze the genetic diversity and relations between five camels'
types in the Sudan.
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