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الخلصــــــــة

 هذه دراسة وصفية ، تحليلية أجريههت فههى المجتمههع  السههودانى هههدفت
 لتحديد نسب تردد الليل ، المجموعههات الجينيههة والتركيبههة  الوراثيههة  للعامههل
 الريصى  فى عشرة قبههائل سههودانية كههبيرة .  لقههد اسههتغرقت الدراسههة ثلث
 سنوات . هدفت الدراسة لتكوين قاعدة معلومات لهذه العشههر قبههائل لتحديههد
 مههدى التههداخل بينههها. استخدمتالدراسههة الزمههر الوظيفيههة للعامههل الريصههي
 كعلمات للهوية لتحديههد الصههل المشههترك المحتمههل . أخههذت الموافقههة  مههن
 الشخاص الذين سهحب منههم  الهدم وقهد تهم أحهاطتهم بأههداف البحهث. تهم
 تجميع ألف عينة بواقع مائة عينة من كل قبيلة بحيث ل توجد بينهم صلة قرابة

  مل يحتوى علهى مهادة مانعهة لتجلهط2.5. تم تجميع كل عينة فى وعاء سعة 
 الههدم. تههم فحههص جميههع العينههات لمعرفههة الزمههر الوظيفيههة للعامههل الريصههى
 باستخدام طريقة حديثة تسمى جل (مانعة النفاذية)  وعشرة عينات مههن كههل
 قبيلة بطريقة الشههريحة ومههن ثههم تههم تحديههد الزمههر الههوظيفيه ، المجموعههات
 الجينية والتركيبة الوراثية لكل عينة .  لقد تم تحديد نسب التشابه بين القبائل
 السودانية المختلفة بواسطة قانون جاكرد للتشههابه وقههد اسههتعمل نفههس هههذا
 القانون لتحديد الصل المحتمههل لهههذه القبههائل .  المعلومههات الظاهريههة الههتى
 تحصلت هى الليههل،  المجموعههات الجينيههة والتركيبههة الوراثيههة الههتى أعتمههدت
 على أن وجود النتجين يعنى وجود الجين الذى يعبر عنه حسههب قههانون منههدل

للتوريث. 
ًا وقد كههانت نسههبها (D  و c,eتبين ان الزمر الوظيفية     هى الكثر تردد

 %)   على التوالى  وكانت المجموعة الجينية90.7%)  و (%98.4) , (93.8
)41.85 (%cDe(Ro) ًا ونجد أن  )  متوسطةcde (r%) 29.3)  هى  الكثر تردد

ًاCdE(ry), (0.95%) cDE(R2%) 0.60التردد . بينما نجد ان (  ). كانت القل تردد
 cDe/cde(Ror). وجد هناك ستة عشرة تركيبة وراثية وكههانت التركيبههة الوراثيههة 

ًا. بينمهها نجههد ان الههتركيبه الههوراثيه44.2%)  cDe/Cde(RorI))هههى الكههثر تههردد
 )Cde/Cde(rIrI) (0.3%) كانت متوسطة التردد. نجد ان التركيبه الوراثيه 21.8%)

ًا .CdE/CdE(ryry) (0.1%و  ) كانت القل تردد
 هناك تشابه واضح بين القبائل السودانية الساسية وقد يعزى ذلك الههى وجههود
 سلف مشترك منذ القدم .  هنالك بعض التغييرات التى يمكههن ملحظتههها فههى
 القبائل السودانية المترحلة مثل المسيرية ويرجههع اختلفههها عههن مثيلتههها فههى
 نفس المجموعة بحركتها من مكان لخر .  هنالك تداخل واضح بيههن التصههنيف

اللغوى والتصنيف المبنى على الجينات للقبائل السودانية. 
      يوجد تشابه مقدر بين القبائل السودانية المختلفهة.  التشهابه اللغهوى بيهن
 القبائل السودانية المختلفههة والههذى أدى الههى نشههوء التصههنيف اللغههوى  الههذى

ًا مع العلمات الجينية.   ًل كبير يتداخل تداخ
      قبائل المحس والدناقلة التى تنتمى حسب التصنيف اللغههوى الههى القبههائل
ًا مع بعض القبائل فى هههذه المجموعههة وتتشههابه  النيلية الصحراوية تختلف جيني
ًا مع القبائل العربية الفريقية  ذلك يدعم أنتمائها لهههذه المجموعههة ًا كبير  تشابه
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ًا .  قبيلة الدينكا جزء أصيل من القبائل السودانية القديمة ومنها نشأت  منطقي
 بقية القبائل النيلية الصحراوية.  لقد حافظت قبيلة الحلويههن علههى خصائصههها

الجينية مع تغيير بسيط. 
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Abstract:

This  community-based,  prospective  and  analytical  study  that  aimed  to  determine  the 

frequencies  of  Rhesus  blood  group  alleles,  haplotypes  and  genotypes  among  ten  major 

Sudanese tribes. The study also aimed at establishing Rhesus blood group baseline data for 

these major Sudanese populations. The study used Rh blood group alleles as markers of 

ethnic identity to determine a probable common ancestry.

This  study was  conducted  in  different  parts  of  Sudan during the  period  of  three  years. 

Following informed consent, a total of one thousand venous blood samples were collected 

from unrelated individuals of the ten selected study populations (one hundred specimens 

from each tribe were collected into 2.5 mls EDTA containers). The red blood cells were 

tested for common Rhesus antigens by the Particle gel immune diffusion and ten specimens 

were  tested  by  the  slide  agglutination  techniques.  The  gene/allele  and  haplotypes 

frequencies and most probable genotypes were determined. Similarities between different 

Sudanese populations were calculated using Jaccard’s coefficient of similarities. The same 

coefficient was employed to determine possible origins of these populations.

The phenotypic data obtained was referred to as alleles, haplotypes, genotypes this is based 

on reasonable  assumptions  that  every  Rh blood group antigen  represents  a  gene  that  is 

always expressed and has a Mendelian dominant mode of inheritance.

The ē, c  and the D genes were the commonest alleles detected with frequencies of 98.4%, 

93.8% and 90.7% respectively. The C and the E genes were the least frequent with 58.4% 

and 21.0% frequencies respectively.
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The cDe (Ro) (41.85%) haplotype is commonest among study population whereas the cde (r) 

(29.3%) with intermediate frequency. The cDE (R2) (5.95%) and CdE (ry) (0.60%) are least 

common haplotypes.

There are 16 genotypes, the cDe/cde (Ror) is the most common frequent (44.2%), whereas 

the  cDe/Cde  (RorI)  (21.8%)  with  intermediate  frequency,  the  Cde/Cde  (rIrI)  (0.3%)  and 

CdE/CdE (ryry) (0.1%) are the least common genotyes.

In conclusion; marked similarities between major tribes could probably point to a common 

ancestry in very ancient days. Some changes could be seen in Nomadic Sudanese tribes like 

the Misseria  tribe could  be explained by their  wandering nature.  There  is  great  overlap 

between the linguistic classification of the major Sudanese tribes and this genetics-based 

categorization.  Considerable  similarities  exist  between  different  Sudanese  populations. 

Linguistic similarities between different Sudanese populations that led to the development of 

the linguistic classification closely overlap with some genetic markers. The Danagla and the 

Mahas seem to be genetically different from the Nilo-Saharans and closely resemble the 

Afro-Asians making their inclusion in this group more logical. The Denka are probably part 

of the original ancient Sudanese populations from which the others Nilo-Saharan originated. 

The  Halaween  population  probably  maintained  their  original  genetic  constitution  with 

minimal genetic change.
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List of abbreviations

Ab: Antibody.

AE1: Anion exchanger.

Ag: Antigen.

AIHA: Autoimmune hemolytic anemia.

Appro: Approximately.

cDNA: Complementary Deoxyribonucleic acid.

CHO: Carbohydrates.

CML: Chronic myeloid leukemia.

DNA: Deoxyribonucleic acid

Fy Ag: Duffy associated glycoprotein.

GPB: Glycoprotein-B.

H-chain: Heavy chain.

HDN: Hemolytic Disease of The Newborn.

ID: Immunodiffusion.

IgA:  Immunoglobulin A.

IgD: Immunoglobulin D.

IgE: Immunoglobulin E.

IgG: Immunoglobulin G.

IgM: Immunoglobulin M.

ISBT: International Society of Blood Transfusion.

L-Chain: Light chain.
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Le: Lewis.

Lu: Lutheran.

LW: Landsteiner and Wiener.

mRNA: Messenger ribonucleic acid.

PCR: Polymerase Chain Reaction.

RBC: Red blood corpuscle.

Rh Ag: Rhesus associated 

Rh: Rhesus blood group system.

RNA: Ribonucleic acid.

SGP: Sialoglycoprotein.

UK: United Kingdom.

VH: Variable heavy.

VL: Variable light.

WHO: World Health Organization.

VIII



List of contents

No. SUBJECT PAGE
Dedication I
Acknowledgement II
Abstract (Arabic) III
Abstract (English) V
List of abbreviations VII
List of contents IX
List of tables XIV
List of figures XV

Chapter I

Introduction and literature review

1.0 Introduction & literature review 1
1.1 General introduction 1
1.2 General Introduction to Rh Blood Group System 2
1.3 The Antigens of Rh System 4

1.3.1 The D Antigen 6
1.3.2 Rh D Epitope Mapping 7

1.3.3
Variation  in  Rh  antigen  strength  and  site  density  with 

phenotype

9

1.3.4 Alleles at D locus (Du) 10
1.3.5 The genetics of Du direct inheritance and “position” effect 11
1.3.6 Subgroups (subdivision of D)-D variants 13
1.4 Nomenclatures & genetic theories  14

1.4.1 The Fisher-Race nomenclature  14
1.4.2 The Wiener nomenclature                                           16
1.4.3 The Rosenfield nomenclature  18
1.4.4 Tippett’s theory                              20
1.5 Rh inheritance                      21
1.6 Determination of Rh phenotypes and probable genotypes 22
1.7 Rh Phenotyping by DNA analysis  30
1.8 Chromosome mapping and linkage for blood group genes 33
1.9 CcEe antigens 34
1.10 VS and V antigens 36
1.11 G antien 36
1.12 Rh variants 36
1.13 CX (Rh9; rhX ) 39
1.14 eS (VS; Rh20) 39
1.15 ET (Rh24) 39
1.16 D antigen sites on red cells 39

IX



1.17 Development of Rh Antigens 40
1.18 The antibodies of the Rh /Hr 40
1.18.

1

Naturally occurring antibodies 40

1.18.

2

Immune antibodies 41

1.18.

3

Immune Rh antibodies 42

1.19 Dosage Effect 42
1.20 Clinical aspects of Rh blood group system 43
1.20.

1

Alloantibodies 44

1.20.

2

Autoantibodies 44

1.21 Partial and weak D phenotypes 45
1.22 Rh and hemolytic disease of the newborn 47
1.23 Prenatal Rh genotyping 53
1.24 Rhnull phenotype 54

1.25
Change in RH blood groups antigens with haematological 

diseases

57

1.26 Ethnicity of the Sudan 57
1.26.

1

Sudan’s ethnic and linguistic diversity 57

1.26.

2

Sudan population linguistic groups 58

1.27 Objectives of the study 61
1.28 Rationale 62

Chapter II

Materials and Methods
2.0 Materials and Methods 63
2.1  Study design 63
2.2 Study Populations 63
2.3 Methods 63

2.3.

1

Collection of blood samples 63

X



2.3.

2

The immunodiffusion (ID) gel card technique 63

2.3.

3

Reagents 65

2.3.

4

Blood samples 66

2.3.

5

Test procedures 66

2.3.

6

Interpretation of the results 66

2.4 Determination of D, C, c, E and e by slide method 68
2.4.

1

Reagents 68

2.4.

2

Slide test procedure 68

2.4.

3

Interpretation of the results 69

2.5  Data Analysis 70

Chapter III

Results
3.0 Results 71

Chapter IV

Discussion
4.1 Discussion 86
4.2 Conclusion 91
4.3 Recommendations 92

Chapter V

References
5.0 References 93

XI



List of tables

No. SUBJECT PAGE
a Variation in number of antigen sites with different Rh phenotypes 10
b Frequency of common Rh haplotypes 15
c Correlation between Fisher-Race with Wiener Rh system nomenclatures 17
d Comparison of Nomenclatures of Antigens of Rh system 19

e
Tippett's  Genetic  Model  Applied  to  the  Eight  Common  Rh  Gene 

Complexes

20

f
Different  reaction  combinations  in  testing  red  cells  with  five  most 

common Rh antisera and their possible Genotypes

25

g Estimation of probabilities in Rh Genotyping and percentage of Error 26

h
Common Rh Gene complexes in order of  frequency for whites (Note 

Different Frequencies for Blacks)

26

i Common Rh antigens in order of Frequency among Whites 27
j The possible Rh Genotypes in order of frequency among whites 28
k The incidence of the gene complexes in the UK population 29

L The most common Rh genotypes in UK population 29
m Determining the Rh genotype in the UK population 30
3.1 Frequencies of Rh alleles among the studied Sudanese population 76

3.2
Common Rh haplotyps in order of frequency among studied Sudanese 

population

77

3.3 Common Rhesus genotypes among the study population. 78
3.4 Frequencies of Rh alleles among studied Sudanese tribes 80
3.5 Rh phenotypes in studied Sudanese population 82
3.6 Rh genotypes in studied Sudanese tribes 84
3.7 The frequencies of ABO blood groups among Sudanese population 85

XII



List of figures

No. SUBJECT PAGE
a The direct inheritance of Du. 12
b The effect of the C gene in the “trans” position 12
c Missing determinants 14
d Rh inheritance with Fisher-Race nomenclature. 22
e Rh inheritance with Wiener nomenclature. 22

f
Family  trees  showing  the  modes of  inheritance for  the two 

types of Rhnull.

55

g
An example of Rhnull caused by a "silent" or amorphic allele 

at the Rh locus.

56

h Sudanese population linguistics groups 60

3.1
Frequencies  of  Rh  alleles  among  the  studied  Sudanese 

population

76

3.2
Common  haplotypes  in  order  of  frequency  among  studied 

Sudanse population.

77

3.3 Common genotypes among the Study population. 79
3.4 Frequencies of Rh alleles among the studied Sudanese tribes 81
3.5.

1

Rh haplotyps in studied Nilo-Saharan Sudanese tribes 83

3.5.

2

Rh haplotyps in studied Afro-Asiatic Sudanese tribes 83

3.6
The  frequencies  of  ABO  blood  groups  among  the  studied 

Sudanese population

85

XIII


	List of abbreviations
	List of contents
	List of tables


