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I am the vessel of fate 

I sail between the reefs of the warp 

that stand for life 

from the right bank I pass to the left 

unreeling my gut 

to add to the fabric 

then back from the left bank I pass to the right 

unreeling my gut 

life is perpetual coming and going 

a permanent gift of the self 

-a Fulbe weaver's invocation (Hampate Ba, 1990) 
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1. ABSTRACT 

M itochondrial DNA (mtDNA) provides an efficient tool for investigating human pre�history 

and evolution. In th is thesis Hypervariable I sequences from 24 1 individuals representing nine 

diverse African ethnic groups are presented, and analysed together with publ ished sequences. 

Each ethnic group studied represents a different combination of geography (East and West 

Africa), l ingui st ic phylum (Niger-Kordofanian, N i lo-Saharan, and Afroasiatic), and subsistence 

mode (agricultural and pastoral) .  The African mtDNA dataset is expanded considerably by the 

addition of these samples. Questions concerning human evolution and human pre-h istory are 

readdressed. 

These samples demonstrate a higher diversity in Africa than previously reported, An ethnic 

group such as the Turkana has a h igher mitochondrial d iversity than the rest of the world 

combined. There is some evidence of regional ism, in that some of the c lusters are specific to 

West or East Africa; however, there is also sharing of l ineages across Africa suggesting 

substantial migration and admixture both in the past and more recent times.  In  Africa, the 

!Kung being the exception, the mtDNA from one ethnic group does not show a common unique 

ancestor, rather the ethnic groups are composites of several mtDNA types, with distinct origins 

and population h istories. Combined analysis with Median networks and pairw ise d istance 

methods, demonstrate that within Africa approximately 60,000 years ago, there was a 

phenomenal expansion of one c luster, which was associated with the people who subsequently 

moved out of Africa. Almost al l non-African populations are derived from thi s  c luster, The 

Out of Africa hypothesis is supported, but there may have been more than one expansion of 

modern humans out of Africa. Further sampl ing in Asia and Australia is crucial to concl ude 

the M ultiregional-Out of Africa debate. 
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NOTES 

The term "race" is something which can not be v isualised genetical ly; in humans there is 

u sually  more d iversity with in a popul ation than between populations. Terms which have racial 

overtones have been replaced by the geographic origin of the peoples i .e .  Asian, European, 

African, American. 

• "African" replaces the term Negroid.  

• "EuropeanlMiddle Eastern" replaces the term Caucasoid and refers to people l iv ing in the 

geographica l  area of Europe and the Middle East, and who are not known to be recent 

immigrants .  

• "Asian" replaces the term Mongoloid and refers to people l iv ing in Asia. 

• "San" replaces the term Bushman and refers to hunter-gatherers who speak a Khoisan 

language. In thi s  study the San population are known as the ! Kung. 

• "Dam a" replaces the term Hottentot and refers to pastoral ists who speak a Khoisan 

language. 

I have consciously avoided describing the physical attributes of the people as most groups 

exhibit high variation, and physical attributes general ly do not show genetic affinity. Stature 

and skin colour are, for instance, more an adaptation to the environment than determining any 

genetic relationsh ip .  
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2. INTRODUCTION 

The Out of Africa hypothes is was proposed on the basis mitochondrial DNA (mtDNA) data 

from human populations (Brown et at, 1 98 1 ;  Cann et a/' 1 987;  V igil ant et at, 1 99 1 ). 

Controversy ensued due to the m ethods used for analysis (Templeton, 1 992; 1 993 ;  Maddison et  

al 1 992) but reanalysis with new methods concluded that the data did indeed support an out of 

Africa scenario (Penny et at 1 995) .  Some palaeontologists arrived independently at  an African 

origin scenario for modern humans (Stringer, 1 988 ;  Stringer and Brauer, 1 994; Brauer, 1 989;  

1 992), Other palaeontologists had an opposing hypothesis termed the Multiregional hypothesis 

which proposed regional continuity of humans over a period of a m i l l ion years (Wolpoff, 1 989;  

Frayer and Wolpoff, 1 993; Frayer, 1 993 ; 1 994). 

S ince V igilant et al ' s ( 1 99 1 )  study, much of Africa has remained unsurveyed in terms of 

mtDNA. This doctoral study has involved col lection of a d iverse set of African sampl es,  

sequencing and analysing them with estab l i shed methods as wel l  as with new methods such as 

median networks .  With these new methods and the expanded dataset ( including a large 

compi lation of world-wide sequences publ ished after V igilant et ar' s ( 1 99 1 )  study) the 

question of the origin of modern humans is readdressed . The Multiregional and out of Africa 

hypotheses are d iscussed in an attempt to bring together palaeontological and genetic data. In  

addition to questions of  human evolution, the mtDNA data was used to determine the genetic 

basis of ethnicity with in Africa. 

2 . 1  The Out of Africa hypothesis versus the Mu lt iregional  

hypothesis 

S ince the experiments of Wi lson and Sarich ( 1 969), molecular geneticists and palaeontologists 

have often disagreed. Wi lson and Sarich ( 1 969) proposed dates of human, chimpanzee and 

goril la d ivergence from four to eight m i l l ion years ago, much earlier than the excepted 

palaeontological dates, These dates have eventually  reached general acceptance. The next 

significant controversy was due to the 'Out of Africa' Hypothesis proposed by members of the 

Wi l son group (Brown et al. 1 98 1 ;  Cann et al. 1 987; V igi lant et al. 1 99 1 ). 'Out of Africa' , 

proposes that modern humans share at least one common female ancestor who l ived with in the 

last 200,000 years; and that Homo sapiens sapiens then spread out from Africa around 1 00,000 

years ago replacing earlier Homo erectus populations. After extensive debate (Templeton, 

1 992; 1 993; Maddison et al. 1 992; Hedges et at. 1 992; Gibbons, 1 992; Penny et at. 1 995) the 
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general agreement (although not unanimous) amongst geneticists is a model based on an out of 

Africa scenario. There are variations such as the ' Weak Garden of Eden' Hypothesis 

( Harpending et al. 1 993 ) which proposes that the "racial"[sic] popu lations separated about 

I 00,000 years ago and later expanded demographically. The Out of Africa hypothesis is a lso 

accepted by some palaeontologists (Stringer, 1 988;  Stringer and Brauer, 1 994; Brauer, 1 989; 

1 992). For the mtDNA to support the Out of Africa hypothesis the most recent common 

ancestor (MRCA) should predate the expansion of modern h umans out of Africa and the 

h ighest diversity should be found in Africa. 

B ased on the  fossi l  record ,  primarily in Asia, other palaeontologists (Wolpoff, 1 989; Frayer and 

Wolpoff, 1 993; Frayer et al. 1 993 ; 1 994) have proposed a model named the ' Mu ltiregional 

Hypothesis' . The first proponent of this model was Weidenreich ( 1 943 ; cited in Frayer et at. 

1 993) who proposed that human populations were an interconnected network, that retained 

regional continuity in some areas. This theory assumes s ignificant geneflow between the world 

populations. The Multiregional hypothesis, proposes that Homo sapiens arose in independent 

regions derived from Homo erectus populations . This impl icitly places the common ancestor 

of modern humans over one mi l l ion years ago, when Homo erectus expanded out of Africa. 

For the mtDNA to support the Multiregional hypothesi s  the most recent common ancestor 

should predate the expansion of Homo erectus out of Africa and to support the h igh amount of 

geneflow there should be l ittle evidence of regionalism. 

Table 1 Hypothesis for Multiregional and Out of Africa scenarios 

Hypotheses Out of Africa Multiregional 
Hypothesis 1 
The MRCA of humans lived . . . . . .  c. 200,OOOBP c. 1 ,600,OOOBP 

Hypothesis 2 
Homo sapiens sapiens evolved in . . . . . .  a single region several regions 

Hypothesis 3 
the region was . . . . . .  Africa Africa and Eurasia 

Hypothesis 4 
Homo sapiens sapiens . . . . . .  previous Homo groups replaced interbred with 

MRCA, IS most recent common ancestor. (Later in the thesis modified versions of both these 
hypotheses wi l l  be discussed .) 

These opposing v iews have been important for the scientists on both s ides to consol idate their 

theories. No general consensus has been reached although some proponents of both theories 

propose that there may have been some degree of admixture between the modern and archaic 

humans (Stringer and Briiuer, 1 994). 

Using most calibrations the mtDNA data does not show divergences as far back as one mi l l ion 

years, rather most d ivergence is seen in Africa dated to about 1 00,000-200,000 years ago. The 
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high diversity i n  Africa (Cann et al. 1 98 7; Vigilant et al. 1 989; Bowcock et al. 1 99 1 a; Horai et 

al. 1 993 ; Jorde et al. 1 994; Rogers and Jorde, 1 994; Horai et al. 1 995), has been argued to 

support the Out of Africa hypothesis ( Stoneking 1 993) .  However, Aoki and Shida ( 1 993 ) have 

argued that there are alternative explanations, such as population size and differential 

substitution rates. A recent paper by Jorde et al. ( 1 995)  demonstrates nuclear markers do not 

show such relatively deep branches in Africa as mtDNA. They propose the deep branches in 

the mtDNA are due to the mtDNA having an effective population one quarter of the size of 

nuclear DNA, and therefore being more susceptible to bottlenecks. It is conceivable that in 

Eurasia during the Pleistocene glacial advances the populations underwent severe bottlenecks. 

Africa being more tropica l  may have had less severe bottlenecks and therefore could have 

retained most of its diversity. The fossi l  record on which the Multiregional hypothesis is based, 

does indicate some confl ict with the genetic data which needs to be addressed in the future. 

The confl ict l ies in the fossi l  evidence for the presence of early humans outside Africa at dates 

genera l ly older than the m itochondrial Eve date and continuity of traits which are persistent in  

the Asia, European and Austral ia sequences (see Section 2 . 1 ). 

Another explanation is that the mtDNA results are not reflecting human maternal population 

h istory but are compl icated by selection on the mtDNA genome due to a favourable mutation.  

This phenomenon is known as selective sweeps and could account for the lower d iversity 

observed in the mtDNA (see Section 9) . 

2.2 African Ethn ic  Groups 

To address question concerning human origins and the dynamics of populations within Africa it 

was necessary to sample extensively. The groups were chosen from diverse l inguistic phyla, 

economic modes and geographic areas. Genera l ly demographically  large popUlations were 

chosen to avoid problems of being l imited to a smal l  geograph ical area, with the possible 

comp lications of shared maternal ancestry. 

In this study n ine populations were chosen (see F igure 1 0) .  When combined with data from 

previous studies, it brings the number of populations to fifteen (see Table I I ), although the 

Hadza and Herero are not included in the analysis due to ambiguous sequences. 

The fol lowing section (pp. 26-37) introduces the ethnic groups, their  location and some detail s  

about their history and economy and is  intended as a useful reference in  relation to discussions 

in  later sections of the thesis.  
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There is  a strong tendency for people  to  assume a s ing le  origin and ancestry of  an eth n ic entity. 

The notion of ethn ic  identity reflecting s i ng le  origins or a s i ngle common ancestor (Hiernaux, 

1 97 5 )  has been chal lenged as being bound up with the Ham ite-Cushit ic d ichotomy ass igned by 

European h i storians and anthropologists. The Ham ites (a name associated w ith fai rer skinned 

pastoral i sts) were associated with the origins of anyth ing ' c ivi l ised' from i ron working to the 

construction of  Z i mbabwe (Sobania, 1 979). Many of the fol lowing orig in  theories (pp. 26-3 7) 

appear to fal l  into th is  category. Some African groups, however, have in their oral tradit ion a 

M iddle Eastern orig in .  S ince some are now predom inantly Moslem, they may seek such an 

origin.  

The term ino logy requires c larification.  Descent i s  inheritance of name and identity from one's 

ancestors. "Patr i l ineal" i s  recognition of descent through the male l i ne; "matri l ineal i s  descent 

through the female l ine and "bi l inea l"  is descent through both the male and female l ines . 

"Residence" refers to the movement of one spouse after marriage; when the wife moves to her 

husband ' s  in- laws it i s  termed "patri l ocal", and when the husband m oves to his wife ' s  in- l aws 

it is  termed "matri local" .  When the couple move to ne ither of the in- l aws it i s  termed 

"viri l ocal" .  Most of the African groups in  th i s  survey are primar i ly  patr i l ineal and patr i l oca l .  
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Bia a uti 
Hfdza 

,!Kung rL TO LINGUISTIC PHYLA 
\ // • NllD-SAHARAN 

� • NIGER-KORDOFANIAN 
• KHOISAN 

Map 1 African Ethnic Groups from which HVR-I Sequences have been Published 
HVR-I sequences have been published from the above etimic groups.  The sequences from tile 
Herero and Hadza are not very informative due to ambiguous positions. Ethnic boundaries have 
been adapted from Murdock ( 1 959). The ethnic groups are colour coded by their Linguistic 

phyla . 
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4t:nuri 

Bia a uti • Kikuyu 
H!dza 

,!Kung 
KEY TO LINGUISTIC PHYLA 
• AFROASIA TIC 
• NILOSAHARAN 

• NIGER-KORDOFANIAN 

• KHOISAN 

Map 2 African Ethnic Groups from which HVR-I sequences are studied in this 
thesis. 
The ethnic groups from which the HVR-I sequences are studied in this thesis, including the 
published populations. Ethnic boundaries have been adapted from Murdock ( 1 959) .  The ethnic 

groups are colour coded by their Linguistic phyla. 
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2.2.1 Fulbe 

Other names 

Geographical Area 

Population 

Fulani ,  Peul,  Fu la, Felaata, Pul lo,  Felan i ,  F i lani ,  Fu l  

The Savannah be l t  from Senegal to  Cameroun, and have been seen 

as far east as Eth iopia (H.  Ghalib, pers. comm.) 

6 m i l l ion  ( Stenn i ng, J 965 : p.363), 5 m i l l ion (de Tressan, 1 95 3  c ited 

in Murdock, 1 959 :p.4 1 3 ) 

Language and Affiliation F u l fulde is a West Atlantic language of the N i ger-Kordofanian 

I inguistic phylum, affi l iated c l osely with the Tuk u lor, Serer, and 

Wolof of Senegal .  

Lifestyle 

Descent! Residence 

Proposed Origin 

Recent History 

Primar i ly pastoral but there are sem i-sedentary groups i n  Northern 

N i geria, the delta region of  Mal i ,  and Senegal region.  

Patr i l i neal! Patri local (Murdock, 1 95 9 : p4 I 6) 

Jewish or Syrian origins (Guiraudon, J 888;  Delafosse, J 9 1 2 ; Morel, 

1 902; c ited in  Stenni ng, 1 95 9 : p. 1 8). 

Eth iopian affin ities Barth ( 1 857-8;  c ited in Stenning, 1 959;p. 1 9) 

North African Berbers ( Passarge, 1 89 5 ;  Meyer, 1 897;  Crozals, 

1 88 3 ;  c ited in Stenning, I 959:p. 1 9) 

Hindu Origins (Golberry, 1 805 ;  c i ted in Stenning, 1 95 9 : p . 1 9) 

Malayo-Polynesian (Eichtal, 1 84 1 ;  c ited in Stenning, 1 959 :p . 1 9) 

The Musl im Fulbe bel ieve in a Middle Eastern origin assoc iated 

w ith the Islam ic genesis (Stenn ing, 1 95 9 : p. 1 9) .  

H i storical records favour a Senegalese origin and expans ion 

beginn ing in the  eleventh century (De lafosse, 1 9 1 2; c ited in  

Stenning, 1 959). The expans ions were l inked to  Is lam, cu lm inati n g  

in t h e  taking of the seven Hausa states in  Northern N i geria early in  

the  n ineteenth century. 



2.2.2 Hausa 

Other names 

Geographical Area 

Population 

2 7  

Hausawa, Haussa, Haoussa. 

The Savannah region of Northern N igeria and S outhern N iger as 

wel l  as in Ghana, Togo, Benin and Cameroun. 

9 m i l l ion (Grimes, 1 98 8 : p .278); 1 2  m i l l ion Hausa (Ruhlen, 

J 98 7:p .86) 

Language and Affiliation A Chadic Language of the Afroasiatic l inguistic phylum. 

Lifestyle 

Descent/ Residence 

Proposed Origin 

Recent History 

Agriculturists but some d o  have cattle .  

Patri l ineal (Stride and I feka, 1 969)/ Patr i local 

One theory is the Hausa were hunter-fisher people l iv ing by Lake 

C had. When the lake d ried they sh ifted West to present locations 

(Adamu, 1 98 1 ) . 

A v isitor, Prince Bayagida from Baghdad, ki l led an evi l  snake and 

was rewarded by marrying Queen Daura. H is legitimate 

descendants founded the seven Hausa States and h i s  seven 

i l legitimate sons founded the seven "non-pure" Hausa states (Stride 

and lfeka, 1 969). 

The Hausa states were founded d uring the sixteenth century. 
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2.2.3 Kan u ri 

Other names 

Geographical Area 

Population 

Kanouri, Beriberi, Bornu, Bornouans, Kanoury, Kole, S i rata 

The shores of Lake Chad, in the countries of N iger, N igeria, Central 

African Republ ic, and Cameroun 

1 mi l l ion (Ruhlen, 1 987:p. l 07), 3 .5  m i l l ion (Grimes, 1 988:p.282).  

Language and Affiliation A language of the Saharan group of the Ni lo-Saharan l inguist ic 

phylum. Related c lose ly to Kanembu 

Lifestyle 

Descent! Residence 

Proposed Origin 

Recent History 

Agricu Itural and Pastoral 

B i l ineal (Cohen, 1 967) 

Yemen (Cohen, 1 967:p. 1 2) .  Intermarriage between the Zaghawa 

nomads and the sedentary So (Stride and Ifeka, 1 969) 

Central Sahara (Cohen, 1 967 :p. 1 4). 

I s lam arrived during the eleventh century (Cohen, 1 967 :p. 1 4) .  The 

Kanuri founded the Kanem empire 9th to 1 4th centuries and the 

Bornu kingdom from the 1 5th to 1 7th centuries. These empi res 

were important in  the trans-Saharan trade. 



2.2.4 Kikuyu 

Other names 

Geographical Area 

Population 

G i kuyu, Gigi kuyu, Gekoyo, Akikuyu, Wakikuyu 1 3  c lans 

Central h igh lands of Kenya 

4,35 6,000 ( 1 9 87) (Grimes, 1 98 8 :p.244) 
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Language and Affiliation Bantu language of the N iger-Kordofanian l inguistic phylum . 

Lifestyle 

Descent 

Proposed Origin 

Recent History 

Affiliated c losely with the Kamba, Embu, and Chuka (Grimes, 

1 988 :p.244) 

Agriculturists with cattle, goats and sheep (Ol iv ier  and Mathew, 

1 963)  

Patr i l ineal (Routledge and Routledge, 1 9 1 0)/ Patr i l ocal (Murd ock, 

1 959:p .  345)  

Bantu expans ion from West 

Moved and expanded from Mount K i lamanjaro (Ol ivier  and 

Mathew, 1 963),  arrived in current location 1 500 ' s .  M ixed w ith the 

Maasai .  
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2 .2.5 ! Kung 

Other names Zhu/twasi (Vigi lant 1 990) 

Geographical Area Kalahari area of Botswana and Namibia 

Population 6,000 (Vigi lant 1 990), 40,000 (total San) (Lee, 1 979) 

Language and Affiliation Northern San of the Khoisan l inguistic phylum, related to Nam a  and 

Naron and more d istantly to the Tanzania Khoisan speakers 

Lifestyle 

Descent! Residence 

Proposed Origin 

Recent History 

Hunter-Gatherers 

B i l ineal, patr i local (Murdock, 1 959; p .56) 

Khoisan speakers were previously covering large areas of Eastern 

and Southern Africa 

1 5th century Bantu expansions and the arrival of the Europeans 

have reduced the range of the Kho isan speakers. 



2.2.6 Mandenka 

Other names 

Geographical Area 

Population 

- - - - - ------ - -------------------
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Manding, Mandingo, Mandingue, Mandique, Mande, Sose, 

Wangara 

Senegal and Gambia 

766,600 (Grim es, 1 98 8 :p.299) 1 .4 m i l l ion (Caval l i-Sforza et at. 
1 994 :p. 1 82),  J m i l l ion (Murdock, 1 95 9 :  p.72) 

Language and Affiliation Mande, which gives its name to the Mande fam i l y  of the N i ger-

Lifestyle 

Descent! Residence 

Proposed Origin 

Recent History 

Kordofanian l inguistic phylum.  Closely related to MaHnke, 

although languages are dist inct. 

Agricu lturists ( Schaffer and Cooper, 1 98 0 : p . S )  

Patri l i neal (Murdock, 1 959:  p .75)/ Patri local ( Schaffer and Cooper, 

1 980:p.45 )  

Litt le i s  known but probably from the upper reaches o f  the Senegal 

and N iger Rivers ( Ki-Zerbo, 1 993) .  

Mandenka from Kangaba expanded to form the Empire of  Mal i  

which was dominant from the 1 3th to  1 6th centuries. Part of  the 

success was due to the role  of trade, especi a l ly from gold  

(Davidson, 1 965) .  Mal i  went into dec l ine, due to  attacks on Djenne 

by the S onghai (Murdock, 1 95 9 : p  73) .  
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2.2.7 Pygmy (Biaka and Mbuti) 

Other names 

Geographical Area 

Population 

Four groups, eastern (Mbuti, Efe), western (Biaka, Aka, Babinga, 

Bagombi, Baka), central and southern. The Eastern(Mbuti) and 

Western (B iaka) are in this study. 

South Western Central African Republic, Southern Cameroun, 

North Eastern Zaire (Ituri forest) (Vigi lant et al. 1 989). 

3 0,000 (Biaka) and 30,000 (Mbuti) (Vigilant, 1 989) 

Language and Affiliation Original language has been replaced and they now speak Baka­

Gundi of Adamawa, N iger-Kordofanian (Biaka (Western Pygmy» 

and Nilo-Saharan (Mbuti (Eastern Pygmy» (Caval l i -Sforza et al. 

1 994:p. 1 79) .  

Lifestyle 

Descent/ Residence 

Proposed Origin 

Recent History 

Hunter-gatherers 

Patri l ineal ( Pederson and Woehle, 1 985)  

B iaka in the  South West Sudan before the Arab invas ions, bel ieved 

to have travel led first to NW Zaire. 

Contact with Bantu farmers and adoption of languages; most of the 

geneflow is through marriage between the Agricultural male and 

pygmy female (Caval l i -Sforza et al. J 994:p. 1 78) .  
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2.2.8 Somal i  

Other names 

Geographical Area 

Population 

6 c lans the Dir, lsaaq, Daarod, Hawiye, Digi l  and Rahanwin 

Somal ia, Northern Kenya and Eastern Ethiopia 

3 .5 m i l l ion (Lewis, 1 965 :p .32 1 )  2 m i l l ion (Ruhlen, 1 987 :p.86) 
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Language and Affiliation A Cushitic language of  the Afroasiatic l inguistic phylum.  They are 

related to the Dankil, Gal la  and Beja peoples 

Lifestyle 

Descent/ Residence 

Proposed Origin 

Recent History 

Nomadic pastoralists with camels, cattle, sheep and goats (Elm i, 

1 99 1 )  

Patr i l ineal (Lewis, 1 967 :p . l )/ Patri local (Murdock, I 959:p.322). 

They c laim Arabian ancestry (Lewis, 1 967 :p . l l ) . 

The Somali were part of a Cush itic expansion from South Eastern 

Ethiopia which absorbed Bantu groups (Murdock, 1 959:p.3 1 9) .  

I n  the last m i l lennium they have been i n  constant conflict with 

Christian Eth iopia (Lewis, 1 967 :p. 1 7) .  During the sixteenth century 

the Somal i  expanded south into Southern Somal ia and Northern 

Kenya (Lewis, 1 967 :p.23 ). 
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2.2.9 Songhai  

Other names 

Geographical Area 

Population 

Songai, Songoi, Songhay, Sonai, Sonrai, Sonrhai, Koroboro 

A wide belt along the N iger River in Mal i and Niger 

600,000 (Davidson, 1 965);  330,000 (Murdock, J 959:p . 1 38); 

528,000 (Grimes, 1 988:p .258)  

Language and Affiliation Ni lo-Saharan, Songhai .  Closely related to  Dendi and Djerma. 

Lifestyle 

Descent/ Residence 

Proposed Origin 

Recent History 

Agricultural, fishing, two clans are pastoral (Davidson, 1 965) .  

Patr i l i neal 

Interbreeding between smal l  communities on the N iger River and 

desert nomads (probably Zaghawa) (Stride and I feka, 1 969). 

The Songhai formed the great Songhai empire which ruled most of 

West Africa from the 7th to 1 4th centuries and control led Saharan 

trade. Its two major cities were Gao and Timbuktu . I n  1 465  

Timbuktu was occupied by the Tuareg and th i s  marked the 

beginning of the demise of the kingdom. 



2.2. 1 0 Tuareg 

Other names 

- - - -- --------------------

3 5  

Tamasheq, Tomacheck, Tamashekin, Tamaj eq, Tourage. There are 

seven major clans (Ahaggeren, Antessar, Asben, Aul iminden, and 

Azjer, I fora, U da\an) ( Murdock, 1 959:p. 1 1 4) .  

Geographical Area Arid regions of Niger, Mali and A lgeria. 

Population 200,000 ( Murdock, 1 959:p.  1 1 4)  3 00,000 (Norris, 1 984:p .3 1 5), 

360,000 (Grimes, 1 98 8 :p .266) 

Language and Affiliation Tamashaq, a Berber d ialect ( Briggs, 1 960:p. l 07 ;  Norris, 

1 984:p.3 1 5) of the Afroasiatic l inguistic phylum . Related closely to 

the Berber of Mauritania  and Algeria 

Lifestyle 

Descentl Residence 

Proposed Origin 

Recent History 

Nomadic pastoral ists with camels, sheep, goats and cattle (Briggs, 

1 960:p. l 40) 

Matri l ineal descent ( Murdock, 1 959:  p.  1 7 ; Norris, 1 97 5 :p.6);  the 

Aulim inden c lan are the exception 

Descendants of the people who brought the cam e l  to Africa (Norris, 

1 984:p.3 1 5) 

Forty v isiting Tuni sians ki l led an ifrU and as a reward were given 

forty wives. Later they abandoned the wives, the offspring of which 

were the founders of the Tuareg people  (Norris, 1 975 :p.9) 

Moved from Libya to the centre of the Sahara to escape Arab 

attacks (Caval l i- Sforza et al. 1 994:p. 1 73 ;  1 988) .  Establ i sh ed the 

Agadez sultanate in the fifteenth century (Norris,  1 984:p.3 1 2) .  
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2.2.1 1 Turkana 

Other names 

Geographical Area 

Population 

Burne, Burna, Elgume 1 9  c lans 

The arid region in the north�west corner of Kenya, bounded by the 

Ugandan Sudanese and Ethiopian borders and Lake Turkana to the 

East. 

250,000 Turkana (McCabe, 1 99 1 ;  Grimes, 1 98 8 :p.248; Caval l i �  

Sforza et al. 1 994:p. 1 82), 

Language and Affiliation A Ni lotic language of the Ni lo-Saharan l inguistic Phy lum.  The 

Turkana are affi l iated to the Iteso, Maasai, Kalenjin ethn ic  groups 

(Diets, 1 987) and their  language is m utual ly intel l igible with the 

Toposa of Sudan, and Karamajong and lie of Uganda and 

Nyangatom of Eth iopia and Sudan (Grimes, 1 988 :p .248). 

Lifestyle 

Descent! Residence 

Proposed Origin 

Recent History 

They are nomadic pastoral ists (Gul l iver, 1 955 :p.2), traditionally 

cattle, but due to dessertification there i s  a shift to camels .  

Patri l ineal! Patrilocal (Gul l iver, 1 95 5 : p. 1 24) 

1 000 BP Ni lotic groups adopted pastoral i sm and expanded into 

Kenya from the West (Murdock, 1 959:p .333) .  

Late in  the seventeenth century the Turkana separated from the lie 

of Uganda and moved i nto the Rift Val ley, displaced or absorbed 

the previous inhabitants the Rendi l le ,  Ngikor and Meri l l e  (Gu l l iver, 

1 955 :p .5 ;  Sobania, 1 979). 
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2.2.1 2 Yoruba 

Other names Oyo 

Geographical Area South West N igeria and Benin in the humid rainforest zone 

Population I S  m i l l ion (Eades, 1 980:p.2; Caval l i - S forza et af. 1 994:p . 1 82) 

Language and Affiliation Kwa language of the Niger-Kordofanian l i nguistic phylum . 

Lifestyle 

Descent/ Residence 

Proposed Origin 

Recent History 

Agriculturists 

Patri l ineal (Murdock, 1 959:p.248)/ V ir i local (Eades, 1 980 :p .5 1 )  

Nubia, Arabia driven out by rel igious d ispute (Talbot, 1 926) 

Egypt (Talbot, 1 926) 

Eastern Sudan ( Lucas, 1 948)  

Central Sudan (Davidson, 1 96 5 )  

Oral tradition from Ife-I fe ( Davidson, 1 965)  

Oral tradition from Mecca (Dav idson, J 965)  

Possi b ly related to those who founded the N ok Culture (Davi dson, 

1 96 5 )  

Series o f  Kingdoms founded between the thirteenth and fifteenth 

centuries (Eades, 1 980:p. 1 7) .  
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2.3 Mitochondrial DNA (mtDNA) 

2.3 .1  Characteristics of the Molecule 

M itochondria are DNA containing intracel lu lar organel les associated with oxidative energy 

metabolism in eucaryotes. The DNA associated with this organel le, m itochondrial DNA 

(mtDNA), is a circular molecule of 1 6569bp in humans (Anderson et al. 1 98 1 ). There are 

estimated to be between 1 ,  000 to 1 0,000 molecules per cell (Bogenhagen et al. 1 974; c ited in 

Gi les  et af. 1 980) and they almost universally fol lows a maternal inheritance (Gi les  et ai. 

1 980). Paternal i nheritance patterns have been suggested a lthough this has not been confirmed 

in humans. Recently Kaneda et aL ( 1 995)  demonstrated that in m ice paternal mtDNA 

transmission occurs with some interspecific crosses only. I t  can be presumed that paternal 

transmission is i nsignificant for the purpose of human popUlation studies. U n less stated 

otherwise mtDNA in this thesis refers to humans, although most features are common to other 

mammals and vertebrates. 

The mtDNA, due to its maternal inheritance pattern, has an effective population s ize which is 

one quarter of nuclear DNA (Kimura, 1 983 :p.40). The mtDNA molecular codes for 1 3  proteins  

associated with e lectron transport and oxidative phosphorylation, as  wel l  as  22 transfer RNAs 

(tRNAs) and 2 ribosomal RNAs (rRNAs). Most proteins required by m itochondria are encoded 

by the nuclear genome and imported from the cytoplasm. MtDNA is characterised by having 

few noncoding bases. The control region which has no coding function is the exception with a 

length of 1 1 1 2bp . I t  contains the origin of transcription for both DNA strands, the origin of 

repl ication for the heavy strand, and the terminator associated sequence (T AS), as wel l  as the 

binding sites for mtDNA transcription factors (Walberg and Clayton 1 98 1 ;  Chang and C layton, 

1 984: Hixson and C layton, 1 985) .  Within this control region, there are two hypervariable 

regions (HVR-I and HVR-I I  from 1 5997- 1 640 1 and 00029-00408 respectively (using the 

numbering of Anderson et al. 1 98 1  )), which are general ly  thought to be selectively neutra l .  

These regions have been used for intra-population studies particularly with in  human 

popUl ations. The first region, being the most variable, was chosen to be sequenced in th i s  

study. The mtDNA has a substitution rate about five times faster than nuclear DNA (Brown et 
af. 1 979; Wil son et al. 1 985)  and the Hypervariable region I is ten times faster than the average 

of the mtDNA genome. The reason for this is uncertain but it could be due to the mode of 

rep lication or template directed mutations which may account for the observed hotspots 

(regions of very h igh substitution rate) .  During replication the first part of HVR-Il  and a l l  of 
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HVR-I is in a single stranded state. I n  the single stranded state the strand i s  subject to more 

deamination accounting for the excess of thymines on the l ight strand (Kornberg and Baker, 

1 992:p.682) .  Due to the h igh rate of substitution, the control region is useful for reconstructi ng 

the history of the molecu le and impl icitly the maternal history of the indiv idual .  

2.3.2 Mitochondria l  DNA of H uman Population Studies 

Different types of mtDNA data have been used for human populations studied; thi s  includes 

h igh and low resolution Restriction enzyme studies as wel l  as DNA sequencing the contro l  

region ( HVR-I and I I )  and also the entire genome .  These methods have the advantage of 

detecting al l  variants in a population without prior knowledge. This has a major advantage 

over other methods which require the variants be known before the survey begins. Restriction 

Fragment Length Polymorphisms (RFLP) detect variation throughout the whole mtDNA 

molecule. Graven et al. ( 1 995) found very h igh correlation between RFLP haplotype 

frequencies and associated control region sequences, which is what would be expected for a 

non-recombin ing genome. 

Restriction Enzyme Studies 

For a review of the methodology and appl ications of restriction enzymes on mtDNA see Avise 

( 1  994:pp. 60-68). Restriction enzymes recognise a sequence (usual ly an inverted repeat) and 

cut the DNA in or adjacent to the recognition sequence. For example HpaI recognises the 

GTTIAAC sequence and cuts between the thymine and adenine, as indicated by the s lash . The 

absence or presence of restriction sites produces various length variants which is a s imple way 

to detect polymorphism either within or between populations or species. Studies of human 

popUlations have investigated restriction enzyme patterns using a six enzyme system : Johnson 

et al. ( 1 983), Greenberg et al. ( 1 983) and Cann et al. (1 987) which have included Africans, and 

studies excl usive to Africa include Scozzari et al. ( 1 988); Soodyal l  and Jenkins ( 1 992); 

Scozzari et al. ( 1 994); Graven et al. ( 1 995). Recently a study by Chen et at. ( 1 995) used h igh­

resolution methodology which employs fourteen restriction enzymes to populations within  

Africa. H igh resolution methodology screens 1 5�20% of  the mtDNA sequence, whereas the six 

enzyme method screens between 2-3% of the mtDNA. These studies have demonstrated a 

higher diversity of l ineages with in Africa than the rest of the world.  
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Control Region Sequencing Studies 

For a review of the methodology of DNA sequencing see Avise ( I  994:pp. 82-87). V igi l ant et 

of. ' s in itial study of the control region of the ! Kung and the Pygmy ( 1 989) was fol lowed by the 

world-wide survey which included add itional African groups the Yoruba, Hadza and Herero 

( 1 99 1 ). They reported both the high mitochondria l  d iversity with in  Africa and that the deepest 

branches on a phylogenetic tree are prim ari ly African. These conclusions have been criticised 

on the basis of the tree bui ld ing analysis which fai led to find the most parsimonious trees 

(Templeton, 1 992, 1 993 ). However, c loser detailed analysis sti l l  places the root of the 

phylogenetic tree within  the African c luster and shows that the non-African sequences are a 

subset of the major African l ineages (Penny et at. 1 995) .  A recent study extended the African 

mtDNA database with the addition of control region sequences and restriction enzyme data 

from 1 1 9 Mandenka of West Africa (Graven et at. \ 995). For d i stribution of these African 

populations see Map 1 .  

2.4 Nuclear DNA Studies 

Most DNA is contained within the nucleus. It fol lows a diploid inheritance which is in  one 

sense a more rel iable picture of the genetic history of the individual, but analysis is compl icated 

by recombination. The n uc lear substitution rate is general ly  s low; even non-coding regions do 

not have the resolving power for intraspecies studies. Repetitive DNA such as m icrosatel l ites 

(repeated copies of a unit from two to five nucleotides in length) have fast gain or loss of repeat 

number, although the mechanisms of th i s  are sti l l  poorly understood .  The fol lowing studies are 

a summary of research in human nuclear DNA.  

Nuclear DNA Studies in Human Population 

B owcock et of. ( 1 994) summarised genetic variation of human groups by conti nents. 

M icrosate ll ites l i ke mtDNA, demonstrate Africa has sign ificantly more genetic variation, 

whereas 1 1 0 b lood and al lozyme variants show higher d iversity in Europe. This is probably an 

artefact of the technique where known c lassical markers are screened for polymorph isms that 

are already known, and the initial detection of polymorphisms was mostly carried out on 

European popUlations (Bowcock et 01. 1 994). Consequently, many possible polymorph isms in  

non-European populations wi l l  not be  detected (Stoneking, 1 994). Sequencing and 

m icrosate l l ites on the other  hand find a l l  variants regardless of whether they were known 

previously. 
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Blood groups and protein polymorphisms 

Caval l i�Sforza et al. ( 1 988) investigated 1 20 al leles in 42 world-wide populations. 

Africans/non-Africans were the first spl it in the phylogenetic tree based on genetic distances.  

Nei and Roychoudhury ( 1 993) investigated 29 polymorphic loci in 26 world-wide populations 

and also observed Africans/non-Africans were the first spl it in a Neighbor Join ing Tree. This 

African/non African spl it is also probably the result of an artefact of the forcing of genetic 

distances between popUlations into an evolutionary tree. 

Results from (3-globin haplotypes from 852 chromosomes from Asia and Pacific populations 

were compared to previously publ i shed data (from Africa, China, and Europe) showing some 

l im ited support for an African origin of modern humans (Chen et al. 1 990) and apolipoprotei n  

B haplotypes found Africans the most divergent group (Rapacz e t  al. 1 99 1 ). 

RFLP's (Restriction Fragment Length Polymorphisms) 

Bowcock e t  al. ( 1 99 1  a) looked at one hundred DNA polymorph isms (RFLP' s  and 

polymorph isms detected with PCR) in five populations. Their conclusions were that Europe i s  

an admixture of Asian and African e lements. 
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Dinucleotide Repeat Polymorphisms 

Di  Rienzo et al. ( 1 994) typed ten d inucleotide loci (CA)n in 46 Sardin ians, 46 Egyptians and 

25 Africans and found h igher divergence between Africa and the other two populations. 

Bowcock et al. ( 1 994) looked at 30 microsatel l ites mainly (CA)n in fourteen human 

populations and found the h ighest d iversity with in Africa. Deka et al. 's  ( 1 995)  study 

i nvestigates e ight d inucleotide (CA)n repeats in eight human populations and chimpanzees. 

The predominantly Hausa group from northern Nigeria had the highest diversity and 

heterozygosity. Goldstein et al. ( 1 995) investigated fifteen dinucleotide loci and found the 

deepest split was between Africans and non-Africans. 

Y-specijic polymorphisms 

Y-specific polymorph isms are the male equivalent to the mtDNA. Inheritance i s  haplo id and 

through the male l ine only.  It is l ike ly  that the male side of the human story may be d ifferent to 

the female side. These d ifferences, if detectable, could be informative about the d ifferential 

movements of males and females. Torroni et al. ( 1 990) observed polymorphism in six TaqI 

fragments, they found a relatively lower variabi l ity in Africa compared to Europeans .  In  a 

world-wide survey Dorit et at. ( 1 995) found no variabi l i ty in a 729 base pair intron of the ZFY 
locus, which they suggested could be due to a selective sweep, a recent origin for modern 

h umans or a h istorical ly small  effective male population size. 

2.5 Studies to Classify African Groups 

A s  with other continents there has been an interest in c lassifying the human populations of 

Africa. Earlier studies concentrated on physical traits, but with the advent of genetic  studies, 

thi s  question could be approached in a more objective way. 

2.5.1 Phenetic 

Phenetics is the study of observable physical characteristics of individuals. Phenetics has a 

long and at times contentious h istory (Gould, 1 98 1 ). Hiernaux ( 1 975) using anthropomorphic 

traits and a few genes d iv ided Sub-Saharan Africa up into five categories: ( I )  Khoisan, (2) 

Pygmies, (3)  Elongated Africans and Ni lotes, (4) West Sudanese and Guinea Rainforest, and 

(5 )  Bantu. Winkler and Sokal ( 1 987) investigated nineteen anthropometric and five 

p igmentation intensity variables for fifteen Kenyan tribes. They concluded "that l inguistic and 

cultural characteristics of a population are strong but insufficient indicators of its b iological 
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relationships". Physical characteristics can be under environmental selection pressures, such as 

the trend for peopl e  l iving in rainforest to have lower stature. This  does not imply shared 

recent h istory but shared ecological environment. Phenetic investigations seem antiquated 

when there are more sophisticated methods avai lable, which can look at loci under no selective 

constraint. 

2.5.2 Protein Immunology and Allozymes 

Protein Immunology measures the antigenic properties of proteins. A l lozyme studies measure 

enzyme polymorphisms by e lectrophoresing the enzymes on a starch or acrylamide gel .  W ith 

staining techniques the enzymes can be visual ised and the relative mobil ity determined. 

Normal ly these studies were l imited to local geographic regions. I n  Africa, however, Jacquard, 

( 1 974) investigated five blood groups from 27 populations from the Mediterranean to south of 

the Sahara. Excoffier et af. ( 1 99 1 )  investigated GM and Rhesus RH haplotypes in sub-Saharan 

Africa. They found language fami ly is the best predictor of genetic relationship, thi s  may 

reflect historic migrations and expansions of ethnicall y  d ifferent people. They c laim, however, 

that most of the genetic variance remains unexplained by the mode ls  they tested. Thei r  results 

indicate that sub-Saharan Africa does not cons ist of a homogenous genepoo\,  and that 

migrations of peoples bound by common ethnic and l inguistic affi l iations have been important 

in fashioning the genetic landscape. Caval l i -Sforza et al. 's ( 1 994) book attempted to bring 

results from many loci together. Data are lacking from some of the populations, which l im its 

the abi l ity to resolve some rel ationsh ips. In the African context they concl uded: th is synthesis 

identifies the Bantu c luster by its general homogeneity and d i st inguishes the East and West 

Bantu movements; that there may have been a Ni lo-Saharan influence in the Bantu genepool ;  

that West Africa may have been the first part of continent to experience a population explosion 

from farming; that there were at least two independent expansions in West Africa, one in  

Senegal and the other in the Niger�Mal i-Burkina Faso region ; that the Ethiopians, Beja and 

perhaps Tuareg are an admixture of African and European/Middle Eastern genes; and that the 

Khoisan are intermediate between Africa and West Asia. 

2.5.3 Language 

Language c lassification, especial ly i n  Africa, has proved to be controversial .  Greenberg'S 

approach of comparing cognates over a selection of populations in itial l y  concerned many 

l inguists, yet at the same time his findings have reached general acceptance (Ruhlen, 

1 987:p . 1 20). For this study Ruhlen'  s c lassification ( 1 987), which i s  l arge ly based on 
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Greenberg's ( 1 963) work, wi l l  be fol lowed. This  classifies Africa i nto four l inguistic phyla, 

Afroasiatic, N i lo�S aharan, N iger�Kordofanian and Khoisan. These language phyla are 

d iscussed further in Section 2.7.3 . 

2.6 Ethn ic ity 

Ethnic groups are defined as a biological ly sel f  perpetuating group, which shares cultural 

values, makes up a field of communication and interaction,  has a membership which identifies  

itself, and is identified by others (Narrol l ,  1 964; cited i n  Barth, 1 969). Ethnicity i s  based on 

self identification, ancestry and language (Fisherman, 1 977). In  the t ime�scale of  one  hundred 

thousand years, it cannot be assumed that genetic affil iation would be identical to ethn ic  

affil iation. In  the  past, populat ion processes may be  different to what i s  observed today. 

The notion that each ethnic group has maintained its culture through ignorance of its 

neighbours is naive (Barth, 1 969). Herren ( 1 99 1 )  argues that the s impl ic ity of ethnic or ' tr ibal'  

m aps is a result of the colon ial preconceptions, that being able to cross ' ethnic' bridges has 

been an important asset for the survival of people throughout African h istory. Herren ( 1 99 1 )  

presents the ethn ic title as a fluid concept. When people are faced with confl ict due to 

competition over resources, the smal ler or weaker group has two options: to change n iche or to 

assimi late. Ethnicity implies access to resources as wel l  as a specific cultural and social way of 

exploiting the resources (Herren, 1 99 1 ). Herren ( 1 99 I )  gives the example of ' the more 

powerful groups were . . . .  . interested in attracting their v ictims to join them, in order to boost 

both labour force and mi l itary power' , and attributes the success of the Turkana to the strategy 

of assimi lation . Herren ( 1 99 1 ), provides examples of ethn ic  shifting in Kenya in the Samburu­

Turkana i nterface at Isiolo (Hjort, 1 98 1 ;  cited in Herren, 1 99 1 )  and in the Maasai-Samburu 

interface at Mukogodo. The Ariaal are a subsociety between the Rendi l le  and Sam bu ru 

(Spencer, 1 973) and act as a stepping stone between the two cultures. "Even reference to 

common ancestors does not imply biological affinity, because the contribution of common 

ancestors to the gene pool ,  if not mythical, may vary l argely between popUlation s" (Hiernaux, 

1 975). Herren ( 1 987) suggests the ethnic groups (of Kenya) are not o lder than the n ineteenth 

century and are composites made up of predating smal ler segments . 

When discussing ethnicity authors usual ly refer back a few hundred years, but when 

questioning whether ethnic groups are genetic or cultural entities, it i s  important to cons ider 

both present time scale and long term dynamics. In the present, movements across ethn ic 

boundaries are d iscernible, i l lustrated by the individuals i nvolved in this study (see Section 

1 0.8), 5% are chi ldren from marriages across ethnic boundaries (see p.  2 1 6). If this rate i s  
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representative of earlier times, after fifty generations only 8 . 1 1 % would be expected to have no 

m ixing in the previous fifty generations. It cannot be assumed, however, that the present is 

representative of the past. Prior to agricultural and pastoral production, population n umbers 

and density would have been relative ly low in Africa and populations may have had d ifferent 

dynamics to what is observed today. In recent times there has been a dramatic change in 

population d istribution. From 1 960 to 1 980 the number of sub-Saharan urban centres over the 

size of 500,000 increased from 3 to 28, mainly as a result of massive rural to urban drift 

(Quinn, 1 994). Urbanisation often breaks down the ethnic boundaries, complicating genetic 

studies such as this one, however, most of these samples were col lected from rural centres. If 

the dynamics of ethnic groups are different now and were more stable in the past, even a very 

low rate of movement across ethnic boundaries wou ld be quite significant when viewed over 

thousands of years. 

2.7 Lang uage 

This section is not attempting to give a complete review, but a general background to help 

interpret the sequence data. The study of comparative l inguistics has used syntax, morphology, 

phonology, and semantics to postulate relationships between languages. This  process was 

extended to propose m igration events and to reconstruct dates based on the now unfashionable 

field of glottochronology. Glottochronology was the "science" of estimating dates by the 

change of language, somewhat l ike the molecular clock but fraught with problems such as word 

borrowing and lack of a constant rate of change. 

2.7.1 Correlation with Genetics 

Cava I I  i-Sforza et al. ( 1 988) and Olderogge ( 1 98 1 )  represent two extremes on the continuum of 

correlation between genetic and l inguistic groupings. Cava l l i-Sforza et al. ( 1 988) in a world­

wide survey demonstrated "a considerable paral le l ism between genetic and l inguistic h istory". 

This paper has attracted criticism for lack of data and inappropriate methods (Diamond, 1 988; 

O'Grady et al. 1 989). In  Africa, Olderogge ( 1 98 1 )  argues, there is no correlation between 

"racial" types and l ingu istics "as the early ethnic groups mu ltip l ied, m igrated and crossbred 

over a long period". Obenga (in the Cairo Symposium, 1 974: cited in Ki-Zerbo, 1 98 1 )  stated 

that l ingu istics was the most obvious means of establishing whether peoples were culturally 

related. Barbujani, ( 1 99 1 )  states that l inguistic distances are better predictors of genetic 

distances than spatial d istances in Africa. Excoffier et al. ( 1 99 1 )  agrees but states that the 

greatest part of genetic variance remains unexplained. It is necessary to d ifferentiate between 
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strong correlation and weak corre lation between language and genetics. Strong correlation 

does not hold as there are numerous examples world-wide of language replacement. The 

Pygmy groups are an extreme example, speaking three different l anguages from two l inguistic 

phyla, all of which have been borrowed from neighbouring group. Weak correlation between 

language and genetics does hold at least at the world-wide scale as demonstrated in Section 7, 

p. 1 2 1 .  

2.7.2 Language Replacement 

There are examples of  language replacement in the  d ifferent regions of  the world .  Renfrew 

( 1 987) proposes three models for language replacement, 1 .  Demographic/subsistence where 

there is a mass movement of people i nto the region usually with a new exploitative technology; 

2. Elite dominance, whereby a smal l group of highly organi sed people dominate the l ocal 

people and their language becomes dominant; 3. System collapse where an organised state 

collapses and the peoples of the periphery move towards the centre, some establ ishing their 

own organisation and language on the territory as a whole. A lternatives to these migration 

theories include "drift, the development of linguae fran cae used by traders, the emergence of 

new languages accepted over an area as ' standard intercommunity speech' and reflecting the 

preferences of the e lite" (Hal l ,  1 980; cited in Barker, 1 988). Vansina ( 1 980, cited in Barker, 

1 988) states that language did not necessari ly spread with any of the more 'advanced ' arts such 

as agriculture and metal lurgy, let alone with new pottery sty les.  This wi l l  be further d iscussed 

in the Bantu section (p. 49). 

Renfrew ( 1 993) accounts for the present distribution of the world ' s  language fami lies, 

according to four main events. Firstly in itial co lonisation, prior to 1 5,000 BP ( in Africa this 

includes the Khoisan and N i lo-Saharan phyla), and secondly, agricultural dispersal after 

1 0,000 BP ( in Africa the Niger-Kordofanian (especial ly the Bantu) and Afroasiatic) and the two 

other events: El ite dominance which has affected South Africa, Egypt and other areas to 

various degrees. The last event Northern c l imate adjustments did not affect Africa. 

2 .7.3 Languages in th is Study 

A summary of the languages of the groups mentioned in the text are presented in  Table 2 .  

L inguistic classification is  a highly controversial field of study; instead o f  presenting a l l  the 

arguments and possible contrad ictions, Ruhlen 's  ( 1 987) comprehensive c lassification of 

languages wi l l  be presented. For Africa this is primari ly based on Greenberg' S  work ( 1 963).  

To locate the proposed origins of the fami l ies see Map 3 .  
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Table 2 Language Classification of Ethnic Groups 

I KHOISAN 

Sub Phylum Primary Division Secondary Division Language 

Hadza Hadza 

Sandawe 

Southern Africa Northern Qxu (San/! Kung) 

II NIGER-KORDOFANIAN 

Kordofanian 

Mande Mandenkan Mandinka 

N i ger-Congo West Atlantic Northern Fula (Fulbe) 

North Central Adamawa-Ubanguan Baka-Gundi(Biaka) 

South Central Eastern Yoruba 

Benue-Zambesi  Kikuyu-Kamba Kikuyu 

Bantu C Biaka 

III NILO-SAHARAN 

Songhai Songhai 

Saharan Western Kanuri Kanuri 

Maban 

Fur 

East S udanic N i l otic Teso-Turkana Turkana 

'1 Mbuti 

IV AFRO-ASIA TIC 

Ancient Egyptian 

Berber Berber Proper Tuareg Tamasheq (Tuareg) 

Chad i c  West G roup A Hausa 

Omotic 

Cushitic Eastern Cushitic Omo-Tana Somali 

Semitic 

Language c lassi fication of languages of the ethnic groups mentioned in the text adapted from 
Ruhlen ( 1 987).  The four African l i ngu ist ic  phyla are i l lustrated i n  bold.  The columns 

represent h i erarchical c lassification, but are not comparable  to each other in level of h i erarchy. 
The populations studied in th i s  thesis  are indi cated in ital ics .  
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Map 3 Possible original locations of major language groups. 
From Ehret ( 1 993), the locations are an approximat ion based on h i storical and present-day 
d i stributions. The origin of the Khoisan phylum cannot be placed as it is too o ld .  The N iger­
Congo is a subphylum of the N iger-Kordofan ian phylum.  The other subphylum of N iger­
Kordofanian, Kordofanian, is spoken in the region between the proposed origin of N ilo­
Saharan and Afroasiatic .  

2. 7.3.1 Khoisan 

Khoisan has 3 1  extant languages and 1 20,000 speakers with a Southern Africa d istribution 

(South Africa, Namibia, Southern Angola, Botswana and Northern Tanzania.). Khoisan is 

characterised by the cl ick sounds.  This phylum was originally spoken over m ost of the 

southern third of Africa (Ruhlen, J 987:p. 1 1 4).  Due to its h igh internal divergence, Khoisan i s  

regarded as  the oldest of  the l inguistic phylum in Africa. The most d ivergent Khoisan 

languages are in Tanzania. Some claim the Tanzanian languages Sandawe and Hadza are 

language isolates (Elderkin 1 983; F leming, 1 983 ;  cited in B lench, 1 993 ), not c lassifiable withi n  

the four l i nguistic phyla o f  Africa. There are suggestions based on skeletal evidence that the 

Khoisan inhabited North Africa (Tobias, 1 964, Caval l i-Sforza et al. 1 994:p . 1 76),  although 

evidence is fragmentary. 
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There are 1 80 mi l l ion N iger-Kordofan ian speakers who speak 1 ,064 extant languages 

throughout West, Central and Southern Africa (Ruhlen, 1 987:p .95) .  Kordofanian is an isolated 

group of 30 languages in Sudan. In the case of this survey the N iger-Congo subgroup of the 

l i nguistic phylum has been surveyed. Proto Niger-Congo was spoken at least 8 ,000 years ago 

(Ehret, 1 984). Fracturing of the Niger-Congo may be related to the expansion of peoples south 

from the Sahel with the desiccation of the Sahara (Posnansky, 1 98 1 ). 

Bantu 

Bantu is a N iger-Kordofanian group which includes about 500 languages spoken by 1 00 

m i l l ion speakers. There is a great deal of controversy about the origins and expansions and 

migrations of the Bantu. There are many theories, based on evidence of l inguistic proximity as 

wel l as archaeological evidence of iron production and pottery styles. Renfrew ( 1 987; 1 988)  in  

the Indo-European context, cautions about over- interpreting conclusions based on assumptions 

which equate archaeology with a people and a language; this is also appl icable for Africa. 

Previously African archaeological studies have focused on d iffusionist theories, often with 

racist overtones, implying a superior group moves into a region d isplacing the previous 

inhab itants and bringing sophisticated technology, for example, iron and agriculture (see 

S inclair et al. 1993). 

Despite thi s  caution about theories of Bantu origins, I will discuss the main find ings of some of 

the more accepted hypotheses. Most agree the h ighest l inguistic diversity of the Bantu 

languages is found in the area of the Cameroun-Nigerian border. The h igh l i nguistic diversity 

in the West has led some (Greenberg, 1 963 ; Heine et al. 1 977;  Bastin et al. 1 983 ;  cited in  

Cavall i-Sforza et al. 1 994:p . l 67) to propose a Western Bantu origin in  the Cameroun area, 

although some propose a South Eastern origin (Guthrie, 1 967 ;  c ited in Caval l i-Sforza et al. 

1 994:p. 1 66) . There is consensus that some words are borrowed from Central Sudanic groups. 

This  is supported l inguistical ly by Ehret ( 1 984) and also by a genetic contribution by CavalIi­

Sforza et al. ( l 994:p. 1 83) .  This association with Central Sudanic groups has been interpreted 

as the Bantu streams passed through Central Sudan ic areas, and borrowed technologies as wel l  

as words. Others have suggested the Central Sudan ic groups have moved into Bantu regions. 

There is also agreement that there are two d istinct branches of Bantu, Western and Eastern, 

who are distinguished by culture and language. Hypotheses of d ifferent migration paths have 

been proposed . The Eastern Bantu have iron technology , cereals and cattl e  (Huffman, 1 989) .  

Western Bantu have a different cu lture with stone tools and pottery but no metal (de Maret, 
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1 982). Differentiation of  Eastern Bantu and Western Bantu has been suggested based on 

genetic evidence (Excoffier et al. 1 99 1 ). 

2. 7.3.3 Afroasiatic 

Afroasiatic languages are spoken in Northern Africa and the Middle East. There are 240 Afro­

Asiatic languages spoken by 1 75 mi l l ion people of wh ich 1 00 m i l l ion speak Arabic. Proto­

Afroasiatic may have been spoken more than 1 5 ,000 years ago (Munson, 1 977; Ehret, 1 979) i n  

North Eastern Africa, where the most Afroasiatic l inguistic diversity occurs today. 

2. 7.3.4 Nilo-Saharan 

N ilo-Saharan has 1 3 8  extant languages, and e leven m i l l ion speakers. N i lo-Saharan is the 

second most d ivergent phylum in Africa and is therefore seen as the second o ldest after the 

Khoisan (Blench, 1 993).  Some theories claim the proto-Nilo-Saharans had an aquatic culture 

(based primari ly on fishing), but Ehret ( 1 993), with l inguistic and archaeological evidence 

argues it was food producing as opposed to food col lecting. Proto-Ni lotes were pastoral ists and 

Proto-Saharans agriculturists (Ehret, 1 974). The arid period 8,000-6,000 B .P  promoted 

m igrations from the Sahara, perhaps leading to the scattered distribution of the N i lo-Saharan 

speakers. The Songhai isolate of West Africa, is the most controversial branch in this fam i ly .  

2 .7 .4 History of Languages 

Blench ( 1 993) argues on the basis of lexical reconstructions that d ispersal of phyla took place 

before agriculture. However he does state that there is evidence for early exploitation of 

domesticated animals in  N i lo-Saharan and Afroasiatic commun ities. On the basis of th is  

B lench ( 1 993) argues that the speakers of these proto languages were hunting populations and, 

therefore, the principal stimulus to d ispersal in itially was pressure on the resources or sudden 

expans ion of their avai labil ity. 

Fragmentation Belt 

The fragmentation belt, named by l inguists (see Dalby, 1 970) because of its h igh l inguistic 

diversity, is wide belt running across Africa south of the Sahara. This  region accounts for two 

thirds of African languages (Greenberg, 1 98 1 ). The desiccation of the Sahara may have 

accounted for compressing diverse ethnic groups into a narrow region. A gradual desiccation 

process began 8,000 BP (Clark and Brandt, 1 984) and the Sahara was completel y  desert 5 ,000 

BP (Shaw, J 977). 
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The area of h igh l inguistic d iversity is  i l lustrated by hatch ing (th i s  map is  adapted from Dalby 
( 1 970). Most individuals sampled in th i s  survey are from the fragmentation belt region. 

2.8 Pre .. H istory and H istory Of Africa 

2.8.1 Summary of African Epochs 

Table 3 provides a summary of the main geological and archaeological periods of African 

h istory. 

Table 3 Summary of geological and archaeological periods in Africa. 

European Terminology African Terminology Dates (BP) Description 
Lower Palaeol ithic  Early Stone Age 2,500,000 - 200,000 Pebble culture 
M iddle Palaeol ith i c  Middle Stone Age 200,000- 1 5 ,000 B lade industries 

Upper Palaeol ithic Late Stone Age 1 5 ,000 - 5 00 Backed blades, burins, 
end scrapers 

Neol ith ic 7,000 Pottery, ground stone 
axes, farming 

I ron Age 2,000 Iron production and 
use 

ThiS table i l lustrates common terms for dIfferent eras wlthm the Afncan context. The MIddle 
Pleistocene fal ls between 700,000-200,000 years before present; the Late P leistocene 200,00-
1 2,000 years before present and the Holocene from 1 2,000 years unti I the present. Information 
is from various sources but primari ly from Clark ( 1 994). The dates are in years before present. 
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2.8 .2 Cl imate 

There is some correlation in temperature changes between the d ifferent geographical reg ions as 

wel l  as world-wide trends as suggested by the well documented Northern Hemisphere 

g lac iations and the Ice cores from the poles and tropical glaciers (Thompson et al. 1 995) .  The 

Intertropical convergence zone (ITCZ) is where the humid equatorial air meets the dry Saharan 

air. Presently this zone osc i l lates seasonal ly from 20-230 North. As the polar air mass extends 

during glaciation episodes the ITCZ was pushed south leading to increased aridity (Said and 

Faure, 1 990). 

Table 4 Climatic summary of the Late Pleistocene and Holocene in Africa 

kya NORTH WEST EAST CENTRAL SOUTH 
24 fI fI 

PLEISTOCENE t ppt 
22 (Approx. 5°C-J..) °C-J.. -J.. ppt 

20 U n 
°C-J.. 

1 8  n extension S -J.. ppt 
of N t ppt 

1 6  °C-J.. savannah 
-J.. ppt U 

1 4  U U Northern 

H -J.. ppt n U Kalahari 

1 2  ..Jr ppt fI Lakes 

1 0  II t ppt 11 

8 HOLOCENE t ppt 
t ppt 
U U 

U Lake II 
6 n -l- ppt regression t ppt 

U ..Jr ppt n U 
4 U 11 

1 ppt ..Jr ppt -J.. ppt 
2 -J.. ppt 

0 U 
ThIs  IS a s Impl ified summary of cl Imatic fluctuatIOns. InformatIOn was col lected from many 
sources but especial ly (Grove, 1 993,  Maley, 1 993, Shaw, 1 98 1 ,  C lark, 1 994). Ufl indicate the 
extent of an epoch or a c l imatic period. For some periods the information is incomp lete. 
-J.. ppt indicates a lower amount of precipitation and t ppt the converse. General ly lower 
temperatures (OC) are correlated with a decrease in precipitation. kya indicates thousand years 
before present. 
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2.8.3 Fossils a nd Tools 

Controversy remains over the earl iest dates of modern humans. The dating of fossi l s  or 

artefacts is often doubted and the foss i ls  themselves are questioned in  terms of being archaic or 

modern. The Border Caves and Klas ies River (South Africa) have been dated at 1 00,000 BP, 

and show archaic as wel l  as modern types. Laetol i  (Tanzania) has been dated at 1 25 ,000, Omo 

(Ethiopia) at 1 3 5 ,000 (Caval l i-Sforza et al. 1 988) .  Sm ith ( 1 992), however states that the 

chronological shift to modern humans may not be as far back as c laimed.  He states that there i s  

no evidence exactly when anatomical modem humans first appear in  southern Afr ica. 

Thermolum inescence (TL) and e lectron spin resonance (ESR) place the earliest definite 

evidence of early modern humans in Skhu\ and Qafzeh s ites (at 92,000 BP) in  Israel (Orlin and 

Stringer, 1 99 1 ;  Stringer, 1 988 ;  cited in Smith, 1 992) .  Smith, ( 1 992) argues there is not 

sufficient evidence, in the African foss i l  record which identifies Africa as the source for a l l  

modem people. 

Complex tools  were first associated with European s ites dated to around 3 0,000 years ago, but 

a recent find of complex smal l barbed bone and ivory points in  Zaire dated to around 90,000 BP 

(Brooks et al. 1 995), suggests that modern human behaviour i s  associated with anatomical ly 

modem humans. Brooks et al. ( 1 995) argues these data support an African origin of 

behaviourally as wel l  as bio logical ly modern humans. 

2.8.4 Culture 

Two important mechan isms of cultural expansion are cultural d iffusion and demic diffusion. 

Cultural diffus ion is defined as when domestic plants or animals and technologies are passed 

from one group to another independent of population d isplacement (Edmonson, 1 96 1 ). Demic 

diffusion is when populations grow and d isp lace others (Ammerman and Cava l l i-Sforza, 1 984). 

2.8.5 Domestication 

Domestication is the process of withdrawing an imals and plants from the natural selection 

process and modifying their characteristics by selective breeding to provide labour, material 

andlor food for humans. Associated with domestication is a change in l ifestyle, from the 

hunter-gatherer system (food col lecting) to agricu ltural or pastoral (food producing). 

Domestication increases the carrying capacity of the land and probably was associated with 

major population expansions. 
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The dates of domestication events are contentious (McIntosh and McIntosh, 1 986). Cattle may 

be the earliest domesticate in A frica (Banks, 1 984), the earl iest date proposed being 9500 BP. 

However some claim that the earl i est finds may have been wi ld not domestic. 

W ithin Africa there have been several domestication centres known as cradles of agriculture. 

Harlan ( 1 993) provides the fol lowing information. Ethiopia was the proposed centre for the 

ensete (banana) and teff (a grain crop). West Africa was a centre for the domestication of 

African rice, yams, and o i l  palm, proposed to have occurred 3 500 BP although there is evidence 

that o i l  palm was domesticated by 5 000 BP. Sahara was a domestication centre for sorghum, 

finger m i l let and pearl mi l let, cowpea, gourd and baobab proposed at around 6,000 BP. Middle 

East was a domestication centre for sheep, goats, cattle, emmer wheat and barley at about 

1 0,000 BP. Apart from the coastal North Africa and the N i le  Valley, only the sheep, goats and 

cattle where important in the rest of Africa. Egypt domesticated the cat and guinea fowl .  

Southern Africa domesticated Kefir/Kafir, a type of  sorghum. 

Domestication may have been responsible for population expansions and possibly migrations, 

although the transfer of technology and domesticates may have been by cultural d iffus ion. 

Cattle 

There is a theory that cattle were indigenous to the Sahara; however, most bel ieve that cattle 

m igrated from the Middle East area, or possibly from Europe via the I berian peninsula. There 

were several m igrations into Africa; the first occurred before 6500 BP when Bas taurus 

humpless l onghorn cattle arrived in  North Africa. The Kuri from Lake Chad area and the 

N'dama from West Africa are the descendants of this migrat ion . The second migration was the 

Bos taurus humpless shorthorn which has representatives in  the Sheku of Ethiopia and Muturu 

of West Africa. These Bos taurus breeds (with the possible exception of the Kuri) have 

adapted to the rainforest area, and are resistant to Trypannosomiasis .  The th ird migration 

around 3 500 BP was Bos indicus cervico-thoracic humped cattle v ia the Ni le Val ley; these 

interbred with the hump less long horn creating the Sanga breeds of Africa. The fourth 

migration was Bos indicus thoracic humped cattle associated with the Arab invasions of 680 

AD (Ajayi and Crowder, 1 985). 

DNA results from Dan Bradley'S  group in Dublin have identified the Bos taurus and Bos 

indicus types. I n  Africa the pattern is curious. The DNA markers, m itochondrial and Y 

chromosomal, do not correlate with phenotype. A l l  African cattle regardless of phenotype have 

mitochondrial markers of the Bos taurus type, and Y -chromosome markers of the Bos indicus 

type (Bradley et ai. 1 994; MacHugh et al. in prep). The autosomal m arkers however show an 
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East-West c l ine of  Bos indicuslBos taurus types. Th is demonstrates introgression of the Bos 

indicus genetic material through the male l ine. 

2.8.6 Metal and the I ron Age 

There are several theories about the origin of iron production and use in  Africa, general ly 

classified as the diffusion ist and the indigenous (Okafor, 1 993). The diffusionist school argue 

that iron smelting arose in West Asia and spread through Egypt and Meroe, or East Asia, and 

spread through Madagascar (Anfray, 1 957;  cited in Andah, 1 979; Okafor, 1 993) .  The 

indigenous school argue the people of Nok in N i geria and Kagera in Tanzania in itiated iron 

smelting independently possibly derived from copper smelting techniques. Nok has been dated 

at 2500-3000 BP (Shinn ie, 1 967 cited in Andah, 1 979) other West African s ites have been dated 

to 2000 BP in Chad and 2200 BP in Mal i .  The earl iest East African sites are dated to the first 

m il l ennium A D  (Kiriama, 1 993). The East and West African centres are supposed to have 

played a role in the expansion of the Bantu (Shinnie, 1 967; cited in Moktar, 1 98 1 ). 

2.8.7 Population Expansions 

Population expansions can occur when a population moves into an uninhabited area, or by 

replacing existing populations in an inhabited area. Humans can also expand by exploiting a 

new n iche or m aking a cultural adaptation which increases the carrying capacity of the land. 

New innovat ions may have been the impetus for many expansion events, in  the h istory and 

evolution of hominids and modern humans. Economic modes such as agriculture, fishing, and 

pastorali sm could have opened up new environments. Techniques such as iron production 

al lowed the environment to be modified further by faci l itating the clearing of land for 

cultivation. Ammerman and Cavall i-Sforza ( 1 994) model led agriculture as generat ing a large 

increase in the effective population size. 

Caval l i-Sforza et ai. ( 1 994:p. 1 89) from genetic data has suggested several population 

expansions. These expansions were demonstrated with pockets of h igh or low a lle le 

frequencies. They suggest that West Africa underwent three population expansions, prior to 

the Bantu expansions. These had foci in ( 1 ), Senegal, (2), Nigeria and (3 ), the Mande, Gur, 

Ewe Volta and Kru people. Caval l i-Sforza el at. ( 1 994:p. 1 93 )  conclude that West Africa may 

have been the first part of the continent to experience popUlation expansion from farming. 
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2.9 Scope of Thesis 

The thesis describes the process of the genetic survey: choosing the populations; seeking 

permission; collecting blood samples; generating the sequence data; and analysing the d ata. A 

d iverse selection of sub-Saharan groups from East and West Africa were chosen. Nine months 

were spent in East and West Africa, seeking permission through the local authorities 

(governmental and traditional) and col lecting 472 blood samples. The hypervariable I region 

from the mtDNA was chosen as the locus to investigate, due to its h igh substitution rate and the 

l arge amount of existing sequences which could be u sed for comparison. N ine sub-Saharan 

ethnic groups were sequenced these groups were chosen to represent a different combination of 

the three variables: geography, language and economy as wel l  as increasing the knowledge of 

African mtDNA sequences. The main data generated in th is study was 360 bases from the 

m itochondrial DNA hypervariable region ] from 243 ind ividuals of the nine ethnic groups. The 

sequences are compared w ith each other and with published sequences from Africa and the rest 

of the World .  Standard m ethods of analys is were used along with the new median network 

method to determine the genetic relationships between the ethnic groups and between the 

categories of l inguistic phyla, economic patterns  and spatial patterns and the relationship of 

Africa to the rest of the world .  

Both regionalism and shared l ineages over wide geograph ical areas were observed. Each 

ethnic group was found to be a composite of d ifferent genetic e lements, obscuring l inguistic, 

spatial and economic re lationships. The m itochondrial DNA results support an African origin 

for all modern humans, these results are complemented by a l inkage study of the nuclear CD4 

locus. However, there are some sti l l  inconsistencies between the palaeontological record and 

the genetic information that need to be reconciled. 

The thesis is arranged as three introductory sections contain ing a l iterature review, a 

description of sample col lection and overview of mtDNA results; then fol lows a series of 

papers which are in various stages of publ ication. 

The introduction (Section 2) provides orientation to the genetic background of th i s  study, 

ethnic background of the populations chosen for the study, and a brief introduction to the 

palaeontological and archaeological h i story of Africa. Theories d iscussed in later papers are 

introduced but thi s  is intended only as a useful reference for the reader, rather than a detailed 

analysis of topics. The information in the introduction needs to be placed alongside the 

evi dence derived from the data col lection and analysis .  
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A significant part of th is doctoral study was devoted t o  the organisation and col l ection o f  blood 

samples in both East and West Africa. Section 3 is devoted to col l ection, and the eth ics behind 

human diversity studies. 

A significant amount of time was also spent on the laboratory work, which i s  summarised along 

with a description of the sequences in Section 4 .  Further results are in  the Appendices (Section 

I I  ) . 

The concept of genetic d iversity is addressed in Section 5, where Africa is again shown to have 

a comparatively high genetic d iversity. 

In Section 6, a new median network method is appl ied to the African sequences, showing that 

this method can yield informative results from mtDNA information. The median networks 

method extracts more information from the data than other d istance based or tree bui lding 

methods. The median networks method is su ited to intraspecific questions as it i l lustrates the 

ancestral sequences which sti l l  exist in the species. Other tree building methods on the other 

hand are designed for interspecies studies. Interesting resu lts i nc lude the dating of expansion 

events and the fact that almost all non-African sequences (and some African) appear to be 

derived from a single African l ineage. This method reiterates the appropriateness of mtDNA 

for approaching questions concerning human ethnicity, pre-history and evolution . 

Section 7 investigates previously publ i shed trees from Caval l i-Sforza et al. ( 1 988) of world­

wide human populations. One tree is generated from al le le frequencies and the other from 

l inguistic information . Tree comparison metrics are appl ied and show corre lation between the 

two trees. 

Section 8 is the d iscussion which synthesises the results from the previous sections, and draws 

conclusions and suggests which aspects need to be investigated further. 
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3. SAMPLE COLLECTION AND ETHICS 

3 . 1  I ntroduction  

I nvestigations into the bio logy and h istory of groups of people have the potential to confl ict 

with deep-seated cultural and rel igious bel iefs. I n  such situations there are important ethical 

issues to be considered, for example: whether or not the study is open ended (such as culturing 

cel ls or making a genom ic l ibrary) or restricted to a particular locus; whether there is a 

possibil ity of commercial gain to researchers or volunteers; and whether or not the groups have 

been consulted and involved in the early planning stages. 

This  present project is on a much more modest scale than the Human Genome Diversity Project 

but faces s imilar questions and eth ical decisions. The Human Genome Diversity Proj ect has 

come under m uch international attention (Gi l l is, 1 994) and criticism (Lock, J 994). The Human 

Genome Diversity Project is p lanning to establ ish cell l ines from individuals from selected 

populations.  This wi l l  essentially provide an infinite source of DNA for various studies in the 

future. 

There are many contentious issues, from the scientific design such as, whether the sampli ng i s  

based on  ethnicity or  geography (which caused the  first major debates in  the H uman Genome 

D iversity Project planning), the selection of populations, and the number and storage of 

samples. Other ethical issues to be faced include those of the rights of indigenous people 

r ights, ful ly i nformed consent, and feedback to the groups involved. 

3.2 Ethics 

A human study such as this raises many ethical concerns and issues. "Moral and ethical 

decisions occur at all stages of research, from selection of topic, area or population, sponsor 

and source of funding, to publ ication of findings and d isposal of data" (Ellen, 1 984). 

I n  social sciences there was l ittle formal concern about ethics among either researchers or their 

subjects before the m i d- 1 950's (El len, 1 984). Some early anthropologists, however, 

formulated an anthropological code of ethics, for example, Mead et al. 1 949 (cited in El len, 

1 9 84). Today there is a "wi l l ingness to address these issues and processes public ly, expl icitly, 

and more profoundly" (Emerson, 1 98 1 ;  cited in  E llen, 1 984). Today laws exist such as an 

Anthropological Research Act, that was passed in Botswana in 1 967 (Tebape, 1 978 ;  c ited in 

El len, 1 984), to protect indigenous  people from potential exploitation from researchers. 
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Research projects dealing in any way with humans today, are required to go through approval 

by eth ic  comm ittees. The existence of these committees can only help consol idate the research 

objectives and make the researcher aware of the obl igations involved. It m ust be remembered 

that those who have studied indigenous groups have often been leaders in advocating respect of 

these groups. 

3.2.1 I nformed Consent 

Informed consent is defined as "the knowing consent of an individual or h i s  [/her] l egal ly 

authorised representative, so s ituated as to be able  to exercise free power of choice without 

undue inducement to any element of force, fraud, deceit, duress, or other forms of constraint or 

coercion" (Annas et al. 1 977 :29 1 ;  c ited in Thorne, 1 980). Informed consent treats the 

volunteers as autonomous beings (Wax, 1 980), with the power to make their own decisions. It 

has been c laimed that informed consent is inappropriate for many s ituations and was originally 

designed to protect patients from potential abuses by medical researchers (Thorne, 1 980). Wax 

( 1 980) argues that the standard consent form is irrelevant and a ' nu isance to al l  parties ' ,  

especial ly when there is i l l iteracy and unfami l iarity to  such forms, d istrust of  paper 

endorsements and lack of knowledge from which to make an appropriate response. 

Nevertheless, in th i s  study informed consent was a principle adhered to . 

3.2.2 Health, Exploitation and Use of Resu lts 

Responsibi l ity to health was an i ssue that was h ighl ighted by Neel ' s  ( 1 994) emphasis on the 

obligation to keep disease away from the Amerindians of the Amazonian basin .  Most human 

genetic studies col lect blood and with the actual ity of the Human Immunodeficiency Virus 

(HI V), it is imperative in the drawing and processing of blood to protect the researcher, 

workers and volunteers from acqu iring HIV and other diseases. 

The Human Genome Diversity Project has been criticised for being exploitative; the average 

cost to sample each individual has been estimated to be US $2,399 (RAFI, 1 993, cited i n  Lock, 

1 994) from people whose own existence is precarious. The results, even jf not esoteric, wil l  

probably  never affect the volunteers and their  communities which took part i n  the survey. The 

potential of appl ications to patent the genetic material make the situation even more ironic. 

The exponential growth of genetic information has opened up poss ibi l ities for abusing the data 

generated from d iversity projects. When looking at neutral s ites such as the mitochondrial 

control region the potential for abuse is s l im;  however other questions come into play 
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including, who owns the results, who has access to the results, and who benefits from the 

results . 

These i ssues were considered in the proposal made to the Massey University Ethics Committee .  

Approval was granted by the Committee prior to undertaking the data col lection.  In  the next 

section, the procedures fol lowed in the col lection of blood samples i s  outlined. 

3.3 Sample Col lection 

3.3.1 Evolution of the P roject and Selection Of Ethn ic G roups 

The emphasis and strategy of the present study has evolved significantly s ince i ts  first proposal. 

I n it ial ly, the emphasis was on the origins of the Fulbe of West Africa. There were several 

testable theories as to the origins of the Fulbe (see I ntroduction). Later l i terature research 

found other pastoral groups such as the Maasai of East Africa had s imilar theories as to the ir  

origins, so the proj ect evolved to encompass pastoral ists in  general .  This  was the status of the 

project when samp ling began. The ethnic groups chosen represent major pastoral groups from 

West and East Africa and their non-pastoral ( in a l l  cases, agricultural) neighbours for the 

purposes of provid ing outgroups for comparison (see Table 5). Pastoral ists are defined as 

subsisting primari ly on products from domesticated animals, especial ly, cattle, sheep, camels  

and goats. Non-pastoral ists are defined as  being agricu lturists who subsist on cultivated crops . 

To test for the relationships of economic mode, language and geography populations were 

chosen which represented a particular combination of l ifestyle, language and geography (see 

Tabl e  6). This also provided a d iverse spectra of African peoples su itable to answer questions 

regarding African prehistory and human evolution in general. 
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Table 5 Ethnic Gro ups from which Blood was Sampled. 

WEST AFRICA EAST A FRICA 

PASTORAL�NONPASTORAL PASTORAL�NONPASTORAL 

NIGER- Igbo  Luhyia 

KOROOF ANIAN Fulbe Bozo Kikuyu 
Yoruba Gusii 

Maasai 
NILO- Kanuri Songhai Samburu Luo 

SAHARAN Oinka 
Kalenj in 
Turkana 

Shewa Bella Rendi l le 
AFROASIA TIC Tuareg Hausa Sakuye 

Gabbra 
Borana 
Somali 

The above table summanses the groups from whIch blood was sampled from. The groups are 
arranged according to attributes of language, geography and l i festyle .  Pastoral and Non 
pastoral are i l lustrated as a continuum.  Hausa, for example, are agriculturists, but some also 
own l ivestock. For detai led ethnological information see p .  Error! Bookmark not defined .. 

Table 6 Ethnic Groups from which DNA was Sequenced 
WEST EAST 

PASTORAL�NONPASTORAL PASTORAL�NONPASTORAL 

NIGER-
KOROOF ANIAN Fulbe Yoruba K ikuyu 

NILO-
SAHARAN Kanuri Songhai Turkana * 

AFROASIA TIC 
Tuareg Hausa Somal i 

Ethnrc groups were chosen to represent a unique combination of the attributes, of geography, 
language and economy. Pastoral and Non-pastoral i s  i l lustrated as a continuum . 

* The Luo were not sequenced as A .  O i  Rienzo planned to sequence the Luo from her independently 

col lected samples . 
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Table 7 Places where Samples were Collected 

DATE PLACE CLINIC ASSISTANT TRANSLATOR POP. n 
1 6/6/92- Oltapesi O ltapesi David Laur Maasai 7 
1 8/6/92 KENYA C l in ic 

20/6/92- Kisumu South Dr. Amol lo Owino J ' unga Luo 42 
23/6/92 KENYA Nyanza Dr. Obota Maasai I 

District Dr. Okongo Luhyia 1 0  
Hospital Kikuyu 4 

28/6/92- Lodwar Turkana George Otieno Michael Loter Turkana 25  
3/7/92 KENYA District Kikuyu 1 

Hospital Luhyia 3 
Luo 2 
Borana I 

617/92- Nakuru Nakuru Dr. Nfugma Hospital Staff Luo 6 
817192 KENYA Provincial Kalenj i n  5 

General Luhyia 6 
Hospital Kikuyu 1 0  

Gusi i  5 

28/7/92- Maralal Maralal Dr. Okawa Lawrence Ewesit Samburu 1 4  
3 1 /7/92 KENYA Hospital Maasai 1 

Rendi l le  1 
Kikuyu 7 
Turkana 3 
Luo I 

3/8/92 Maralal Maralal Dr. Okawa Lawrence Ewesit Samburu 6 
KENYA Hospital Somal i  1 

Turkana 2 
Luhyia I 
Gusi i  1 
Kikuyu 5 
Kalenj i n  1 
Luo 1 

1 3/8/92- Is io lo I s iolo Dr.  Gacheru Hospital Staff Borana 1 0  
28/8/92 KENYA District Turkana 8 

Hospital Somali 6 
Sakuye 1 1  
Garre 1 
Gabbra 2 
Samburu I 
Rend i l le I 
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DATE PLACE CLINIC ASSISTANT TRANSLATOR POP. n 
24/8/92 Kaj iado Kaj iado Bashir Farah Hospital Staff Maasai 7 

KENYA Hospital Rendi l le 1 

3 1 /8/92 Nairobi S inna Abdiraham C l in ic Staff Somal i 2 1  
KENYA Medical Maalim 

C l inic Abdul lah 
6/ 1 0/92 Gambela, Mekanessus Connie  Hal l  N uer 3 0  

ETHIOPIA Dinka 2 
A nuak I 

3 1 1 1 192 Sokoto Uthman Dr. S imon Hospital Staff Fu lbe 8 
NIGERIA Danfodyio Nwachuhwu Hausa 26 

University 
Teaching 
Hospital 

2311 1 /92 Maiduguri University Prof. Idris Dr. V .  Fulbe 5 
NIGERIA of Mohammed Brahasuriya Hausa 5 

Maiduguri Dr. Jose Ambe Igbo 3 
Teaching Dr. Abba S hewa 4 
Hospital Kyani Kanuri 1 4  

Yoruba 1 
Others I I  

3 01 1 1 /92- Saki Akintunde Dr. M Efe Efiawore Fulbe 36 
3 / 12/92 NIGERIA Memorial Akintunde Hausa 3 

Hospital Y oruba 22 
Baptist Dr. Fatula Others 3 
Medical 
Hospital Seriki of Saki 

1 71 1 2/92 F i l i ngue Centre Dr. Hamma Hospital Staff Songhai 2 
NIGER Medical Sou mana Hausa 6 

F i l ingue Fu lbe 1 
Kanuri 1 

N iamey Hopitai Dr. Amadou Mr. C ha ibou Fu lbe 1 0  
NIGER National Sako Tawaye Tuareg 27 

Hausa 4 
Be l la  1 
Songhai 1 0  

2: 472 
I l l ustrates in which hospitals and c l in ics the samples were col lected and the dates of coll ection 
and who assisted in th is  col lection. N ind icates the number of samples col lected for each 
population (POP.). From June 1 992 to February ] 993 samples were col lected from c l i n ics and 
hospitals in Kenya, Ethiopia, Nigeria and Niger; with the assi stance of many people .  
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Map 5 Places where Samples were Collected 
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The locations where the samples were col lected. Relevant regions in East (Top right) and West 
Africa (bottom) are en larged. 
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3.3 .2 Fieldwork and Sampl ing Etiquette 

N ine months were spent col l ecting 472 human samples and over 1 000 cattle samples.  Most of 

the time was spent on administrative activ ities, i .e . ,  talking to the local and h ospital h ierarchy, 

documenting records, label l ing and fi l l ing tubes. Col lecting both cattle and h uman samples 

was more efficient than col lecting either one. Whi le  waiting for permiss ion for one I could be 

col lecting the other. Unfortunately due to time constraints, I was not able to investigate the 

cattl e  samples for this thesis .  

( 1 )  Informed Consent 

Volunteers were informed of the study. Usually I employed a translator who could speak the 

language of the population. Most areas had a lingua franca, for example, Swahi l i  in Kenya and 

Hausa in the Sahel region of West Africa, and th i s  was sufficient to communicate with 

indiv iduals from other ethnic groups. The aim of the project was described s imply as looking 

at the blood to determ ine relationships between their ethnic group and others. Volunteers 

indicated consent by fingerprint, cross or signature, and the consent was confirmed by another 

person, usual ly the trans lator, or sometimes by the medical staff ( see Information and Consent 

Sheet p. 2 1 4) .  

(2) Approaching Officials and Bribes 

The initial approach to official s d iffered from region to region but usually the v i l lage chief and 

the government official chief were approached first and then the hospita l  d i rector and 

depending on the size of the hospital a l l  people in the h ierarchy unti l final ly the nurses. The 

officials and nurses from the first hospital visited, asked for substantial cash rewards .  After 

th is experience, I always stated, that as an appreciation of their assistance I would provide the 

hospital or c l in ic with gloves, lancelets and syringes (which were lacking in  the Kenyan 

hospitals) and did not enter into any cash transactions. This was accepted, except refusing to 

give bribes resulted in being unable to sample in B urkina Faso due to a h igh official in the 

Department of Health . Volunteers were not given any remuneration. 

(3) Volunteers 

General ly volunteers were selected from people vis it ing Out Patient C l inics in rural c l inics and 

hospitals. A high proportion of these visitors had malaria, and in this stressed physiological 

and psychological state, questions would have been obtrusive so these patients were not 
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approached, nor were chi ldren under the age of eighteen. Most volunteers were in  the c l in ic  for 

routine blood tests, for HIV testing, prenatal tests, or venereal d isease. Effectively the b lood 

col lected was the excess from the b lood taken for the medical tests. 

I n  most instances the nurses did not use gloves, and often needles were reused. I provided 

gloves and new steri le needles, syringes and lancets. 

(4) Travell ing with blood samples. 

Letters from Massey University and the International Livestock Centre for Africa were 

sufficient to satisfy border officials and I experienced no problems taking samples over state or 

country borders. Due to the unrel iabil ity of the postal service, and other possible events, aU 

sam ples and information sheets were in dupl icate and sent back to Europe at d ifferent times. 

(5) Selection of Subjects 

I decided not to employ any selection criteria on phenetic type, due to the inherent eth ical 

concerns and possibly b iasing the sample. In West Africa for example, there are caste systems:  

the h igher castes are referred to in the l iterature as being for example 'pure Tuareg', genera l ly 

w ith fairer skin and Middle Eastern features. I based the ethnic criteria on sel f  identification 

and mother tongue of the individual .  

Samp l ing was conducted primari ly in rural areas. There were two reasons for this; people 

l iving traditional l ives were less l ikely to be recently m ixed with other ethn ic groups; in 

addition people l iv ing trad itional ly  were more aware of their ethnic h istory than their urban 

counterparts. 

(6) B lood Col lection 

Most towns have the government chiefs as wel l  as the traditional chiefs. It was important to 

approach both and in an appropriate order, depending on cultural norms of the region. 

After both groups of chiefs had given their approval ,  the Director/Superintendent of the 

hospital or cl inic was approached. The research objectives and the procedure involved were 

explained. Permi ss ion to work with in the hospital was requested. The research objectives and 

protocol were d i scussed with the technician in charge of the laboratory and then with the 

nurses. 

The person (outpatient) was approached by myse lf with a translator and informed of the 

intentions of the project and asked if he/she wou ld l ike to participate. 
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Five m! steri le  syringes and needl es were provided. Nurses withdrew approximatel y  five m l s  

of  b lood of which the standard tests required up to three m l s. The volunteer was then d irected 

to the questioner/trans lator, who noted the tube number and completed the information sheet 

(see p. 2 1 4) with questions concerning their ethnic background. The volunteer was requ ired to 

sign the consent form . The trans lator/questioner also signed the consent form to show the 

volunteer gave consent freely. 

Two a l iquots of 0.75 ml of whole b lood were suspended in 0 .75 ml of buffer ( l OOmM Tris ,  

I OOmM EOTA and 1% SOS (Rassmann et al. 1 989) in 1 . 5m l  screw-cap Nunc tubes. These 

were stored at ambient temperatures (4-50°C) before being sent to Germany where they were 

stored at 4°C. 

3.3.3 Future of Samples 

The samp les were col lected with the understanding that they would  be used to i nvestigate 

genetic re lationships within African groups as wel l  as with the rest of the world .  Most officials 

and hospital d irectors requested that these samples should not be used to address medical 

questions. The samples wi l l  remain under my guard ianship. The samples wi l l  be accessible for 

future research respecting the above conditions. As the material is l im ited, the appl ications wi l l  

be judged on the merit of  the experimental design (see Section 3). 

3.4 S ummary 

Al l  through thi s  project eth ical questions arose, from bribery to individuals '  integrity. 

Although it is not real istic to assume that a l ist of rul es can cover a l l  ethical issues, the 

fol lowing  is a summary of principles adhered to in this research and which I regard as 

important for future studies of the same nature as th is one. 

1 .  Samp les should be col lected with ful ly informed consent. 

2 .  Appropriate officia ls  shou ld be approached, despite potential delays and comp l ications .  

Governments' and officials' requests concerning the use  of  samples shoul d  be  honoured. 

3 .  No transactions of cash should be entered into. 

4. Chi l dren under the age of e ighteen and very i l l  patients should not be asked to take part in  

the survey. 

5 .  Publ ications from the study should be sent to the government and hospitals officials 

involved. 
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The overal l  procedure for informed consent, and obtaining permission from central and local 

government, tribal e lders, hospital officials and volunteers is time consuming, but important. It 

can also be rewarding and a great deal learned through the two-way process of consultation .  



4. METHODS AND SEQUENCE DESCRIPTION 

4. 1 I ntroduction 
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This  chapter describes the sequences generated in this study and compares them to previously 

pub l i shed sequences, both with in Africa (Vigi lant et al. 1 99 1 ;  Graven et al. 1 995)  and from the 

rest of the world (Ward et al. 1 99 1 ,  1 993 ; Piercy et at. 1 993; Shields et al. 1 993 ; Torroni et al. 

1 993a, 1 993b, 1 994; Pult et al. 1 994; Santos et al. 1 994; Batista et al. 1 995 ;  Bertranpetit et al. 

1 995;  Kolman et al. 1 995;  Mountain et al. 1 995;  Sajanti la et al. 1 995)
* . The first section 

describes the patterns with in Africa, in terms of ethnicity, l inguistics, economic modes and 

geography. The second section places the sequences from Africa in context with the other 

continents. Th is is a descriptive chapter, without accompanying conclus ions, more in depth 

analyses are in the fol lowing sections . 

African mtDNA sequences have been studied in the Yoruba, Mbuti, B iaka, Herero, Hadza, 

! Kung and African-Americans (Vigi lant et al. 1 989); and Mandenka (Graven et al. 1 995) .  This 

present study presents eight additional African populations and adds more sequences from the 

Yoruba population. These populations are d iverse representing three l inguistic phyla, are from 

both East and West Africa and with different economic modes (for summary see Table 6).  

4.2 Methods 

DNA extraction, amplification and sequencing fol lowed standard laboratory procedures. 

• Blood Storage 

From the excess blood col l ected from each individual, two al iquots of O .75ml  of whole b lood 

were suspended in O .75ml of buffer ( I OOmM Tris, l OOmM EDTA and 1 %  SDS) (Rassman et 

al. 1 989) .  These were stored at ambient temperatures in 1 .5ml  screw cap Nunc tubes. 

• Extraction 

To extract DNA, 400/-t1 of the blood/buffer solution was added to 200/-t1 of NaCI ( 1 00mM), 

DTT ( 80mg/ml), Proteinase K ( l Omg/ml) and digested at 37°C for 3 hours. After standard 

* 
For overview see Section 1 1 . 3  
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phenol-chloroform extraction (two phenol-chloroform fol l owed by one chloroform extraction), 

the DNA was concentrated by Centricon tubes (Amicon, Beverly, MA). 

4.2 .1  A: Hypervariable Region I 

• Amplification 

Polymerase Chain Reaction (PCR) amplification of the Hypervariable region I of the 

mitochondrial control region fragment was performed as a hotstart PCR using wax beads. The 

wax separated the upper solution containing Taq Polymerase and l Ox Taq Buffer, ddH20 and 

DNA, the lower solution contained Primers ( H 1 6498 5 '-CCT GAA GTA GGA ACC AGA TG-

3 '  and L 1 5926 S O·TCA AAG CTT ACA CCA GTC TTG TAA ACC-3 ') ,  BSA, l Ox Taq Buffer 

and ddH20. The 50j.l1 PCR was ampl ified with step cycles of l '  at 940C, l '  at 580C and I '  at 

noc for 35 cycles in a Perkin Elmer/Cetus thermal cycler. For each indiv idual two PCR 

reactions were performed with the primers (H'  normal and L '  biotinylated) and (H '  

biotinylated and L '  normal). Products were run on  a 3 %  agarose gel to visual ise the bands  

before continuing to the strand separation procedure. 

• Strand Separation and Purification 

The biotinylated product was attached to 30j.l1 streptavidin coated Dynabeads (Dynal, Os lo, 

Norway) by incubating for 1 5  minutes in 40j.l[ binding buffer (2M NaCl ,  l OmM Tris/HCl ,7 .5 ,  

ImM EDTA,S.O). The beads and PCR product were washed in 40J.l1 TE ( l Om M  Tris,7 .5,  1 M  

EDTA,S.O). The biotinylated strand was separated by denaturing with O. 1 5M NaOH for 5 

minutes. The supernatant containing the non-biotinylated strand was d iscarded . The 

biotinylated single strand was washed with 40, .. d Binding buffer fol l owed by 40J.li TE, then 

suspended in 1 5J.l1 ddH20 for the sequencing reaction. 

• Sequencing 

Both H (Heavy) and L (Light) strands were sequenced according to the Sequenase 2 .0  protocol 

(United States B iochemicals Corp., C leveland, Ohio, U SA) with the nested fluorescent primers 

H 1 640 1 5 '-TGA TTT CAC GGA GGA TGG TG-3 ' and L 1 5997 5 '-CAC CAT TAG CAC 

CCA AAG CT-3 ' (modified from Vigi lant et al. 1 989). Samples were run on a 0 .35mm 6% 

polyacrylamide gel with an Automated Laser Frequencer (Pharmacia, Uppsala, Sweden) at 

1 500V, 3 8mA, 3 6W, with a 2 second sampl ing intervals for 400 minutes. 

• Alignment 

ASCII fi les were exported from the ALF Software (Pharmacia, Uppsala, S weden), any 

ambiguities were resolved by conSUlting the printout, or by re-sequencing the region i n  

question . The 360 bases (corresponding to  positions 1 6024 to  1 63 83 according to  Anderson et 
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af. 1 98 1 )  were aligned with ESEE (Eyebal l  Sequence Editor) (Cabot 1 988) .  The alignment was 

straight forward except for in the cytosine run (C-run) region from positions 1 6 1 80- 1 6 1 93 (see 

Table 8). Deletions in the C-run region were optimally placed in np 1 6 1 82 or 1 6 1 83 .  When 

the C-run was not interrupted by another nucleotide such as a thymine, it was difficult to 

determine exactly how many C 's were present, due to polymerase stuttering, therefore some 

insertion events may have been overlooked. 
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4.2.2 B: Hpa/ 

The Restriction enzyme HpaI recognises the sequence GTT/AAC, the s lash indicates where the 

enzyme cuts. This is usefu l  for determining a polymorphism found almost exclus ively within 

Africa. Position 3594 (according to Anderson et at. 1 98 1 )  i s  a cytosine in most human 

populations however in some Africans position 3 594 is  a thymine which the HpaI enzyme 

recognises and cuts at position 3 592. The state of the HpaI s ite was determ ined by PCR 

amp l ifying the surrounding region with the primers L03526 5 ' -CAT-CAC-CCT-CAT-CAC-CG-3 ' 

and H03706 5 '-ATT-GTT-TGG-GCT-ACT-GCT-CG-3 ' .  A control fragment (containing a HpaJ site 

at position 5 69 1 )  was ampl ified by the primers L05269 5 '-TTG-CCC-AAA-TGG-GCC-ATT-AT-3 ' 

and H060 1 1 5 '-TGG-CCC-AGG-TCG-GCT-CGA-AT-3 ' .  The individua l ' s  fragment was ampl ified in 

251-l1 reactions with 5 '  denaturation at 940C fol lowed by step cycles of I '  at 940C, 1 'at 540C 

and I '  at noc for 25 cyc les in a Perk in  Elmer/Cetus thermal cycler. The control fragment was 

amplified under the same conditions except in l OOl-l1 reactions. J OJJ.I of both the control 

fragment and the fragment ampl ified from the individual were digested together for three hours 

with HpaI and run on a 4% Metaphor Gel (Figure 1 ) . For further detai ls  and results see Section 

4.4 p. 78. 

442 
340 
220 
1 34 

86 

-ve 
control 

Figure 1 Representation of BpaI Digestions 

WF 
326 

WF 
257 

Representation of HpaJ digestion fragments on 4% Metaphor Gel. Negative (H20) control 
shows only the control fragment, which is completely  digested . Ind iv idual WF326 i s  HpaI 
positive showing the control fragment p lus a previously amplified HpaI positive fragment both 
of which have been digested and run together. Individual WF25 7  is HpaI negative showing the 
fragment has not been cut at the HpaI site (np 3592). These were run with a l kb ladder. 
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4.2.3 C :  N i ne base pair  repeat 

The Anderson reference sequence (Anderson et al. 1 98 1 )  has two copies of a n ine base pair 

sequence (CCCCCTCTA) in the COIIltRNALys intergenic region. In  some Asian, Native 

American, Melanesian and Polynes ian individuals there is a deletion of one repeat. The 

deletion has also been reported in some Pygmy mtDNA (Vigi lant, 1 990). A tripl ication event 

(3 copies of the n ine base pair segment) has been reported in the Thaw from Nepal (Passarino 

et al. 1 993) .  The number of repeats was determ ined by ampl ifying the flanking regions with 

H8297 5 '-ATG-CTA-AGT-TAG-CCT-TAC-AG-3 ' and L8 1 96 S ·-ACA-GTT-TCA-TGC-CCA-TGG-TC-3 ' .  

The 25/11 PCR reaction was ampl ified 5 '  denaturation at 940C fol lowed by step cycles of l '  at 

940C, I 'at 5 80C and l '  at noc for 3 0  cycles in a Perkin Elmer/Cetus thermal cycler. The 

products were run on a 4% Metaphor Gel with pre-amplified fragments of one and two repeats 

in length. For further detai ls  and results see Section 4.5 . 

1 1 1 

Figure 2 Resolving the Nine base pair repeat 
Controls were run of indiv iduals with previously determ ined nine base pair repeats. Individual 
WF257 shows two copies of the nine base pair repeat, individual ETI 02 shows a delet ion event 
with only one copy of the n ine base pair, and individual WF855 shows a tripl ication with three 
copies of the n ine base pair repeat. These were run with a 1 kb ladder. 
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4.3 Hypervariable Region I 

This section reports 243 sequences of 360 unambiguous bases in the Hypervariable Region I 

( 1 6024- 1 63 83 )  of the mtDNA from nine African populations (Kikuyu, Somal i ,  Turkana, 

Kanuri, Songhai,  Hausa, Tuareg, Yoruba and Fu\be) with two additional sequences from the 

Sakuye and Borana from East Africa. These sequences are analysed in addition to 1 68 

previously publ ished African sequences (for location see Map 2)  and 779 non-African 

sequences. For each study in thi s  thesis all sequences with ambiguous bases were excluded 

from analysis. The number of sequences analysed varies according to the region studied, for 

example, in Section 6 more sequences are used because the region studied stretches from 

1 6090- 1 6365 ,  as opposed to other sections (such as Section 5) which study the region from 

1 6030- 1 63 70. 

4.3.1 Substitution Rate with in  the Hypervariable Region I 

Hasegawa et at. ( 1 993) col l ated n l  = 450 sequences from different stud ies including Vigi lant et 

al. ' s  ( 1 989; 1 99 1 ), Horai and Hayasaka ( 1 990), Di Rienzo and Wilson ( 1 99 1 )  and Ward et al. 

( 1 99 1 ); and counted the number of changes at each position on the most parsimon ious tree 

known for this data. This  was repeated for the data generated in this study by selecting the best 

parsimonious tree from fifty trees (DNA parsimony algorithm: PHYLI P  3 . 5  (Felsenstein,  

1 990» and plotted together with Hasegawa et al. ' s  ( 1 993) results (see F igure 3) .  The use of 

parsimony i ntroduces errors into the analysis, but makes the method overal l conservative 

(Wakeley 1 993) .  The values above the x-axis are from Hasegawa et al. ( 1 993), nl ::::: 450 . The 

values below the x-axis are from the data generated in  this study (nl ::;;: 243) .  There is h igh 

correlation (r=0.77, P<O.OO l )  between the independent data sets, confirming that the rate of 

change is h ighly variable between sites. Substitutions at some sites are frequent whereas other 

sites appear conserved. Wakeley ( 1 993) also used a parsimonious method for rate comparison 

and arrived at a s imi lar conclusion and concluded that the substitution rates are approximately 

gamma distributed among sites. 
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Changes on a Parsimonious Tree for two independant datasets 
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Figure 3 Variable Positions in the HVR-I region. 
The positions (from 1 6024 to 1 6383;  Anderson et al. ( 1 98 1 )  are marked along the horizontal 
axis .  The number of changes generated from the most parsimonious tree (DNA parsimony 
algorithm : PHYLIP 3.5 (Felsenstein, 1 990» are on the vertical axis. Hasegawa et al. ( 1 993) 
results n1 are indicated above the horizontal axis and the results from this study n2 are plotted 
below the axis .  The two samples are not normal ised for sample size. 

4.3.2 Transitions and Transversions in the Hypervariable Region I 

Figure 4 i l lustrates which s ites in the Hypervariable region I (HVR-I)  have trans ition events, 

transversion events or both. The data set used is from a world-wide sample (n = 1 036) 
combined with data generated in th is study (n =; 243 ), giving a total of 1 279 sequences. S ites 

with transitions outnumber transversions 1 65 to 37 (approximately 4 .5 :  1 )  in the 360 s ites 

analysed. The transition/transversion ratio is obviously h igher on a phylogenetic tree due to the 

same sites  (usual ly transitions) fl ipping backwards and forwards .  The transition/transversion 

ratio is characteristic of the HVR-I in particular (see Section 2.3 . 1 ). 
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Distribution of Substitutions along the Hypervariable 1 Region 
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Figure 4 Distribution of Substitutions along the HVR-I 
Circ les represent transversions and the diam onds represent transitions. The vertical l ines 
indicate that both transitions and transversions are observed at that site, The region i l lustrated 
is from np. 1 6024 to 1 6383 .  

4.3.3 Variab i l ity with i n  the C-Run Region 

Horai et  al. ( 1 993 ) i l lustrated deletion events associated with the C-run region wh ich had not 

been reported earl ier. This  region np 1 6 ]  80 to 1 6 1 93 is defined by a short run of A's  (2-4 

bases) fol lowed by a run of cytosines (up to 1 2  bases) usually interrupted by one thymine 

although there are many poss ible variations on this (see Table 8). Different authors al ign th is 

region differently, therefore potentially biasing resu lts, Due to stuttering of the polymerase 

during sequencing it was not always possible to count the exact number of C ' s  for the long C 

runs; i n  those cases either end of the run has been used as an anchor for al ignment. The table  

below i l lustrates the frequencies of the corresponding sequence for 39 1 Africans (243 from th is 

study and 1 48 from Vigilant et al. ( 1 99 1 )  and Graven et al. ( 1 995) , Horai et al. 's ( 1 993 ) 

sample included 1 0  Africans, 20 Europeans, 9 1  Asians and 72 Native Americans, The n umber 

of possible combinations indicates how hypervariable th is region is, Obviously in  some cases 

the mechanism of change is s l ippage, therefore assigning the apparent transversions with the 

weight of trans versions can add give m isleading results, 



Table 8 Variability within the C-Run Region 
� vv'-'v" �'

SEQUEN
CE'--'� "�FREQUENCy�"�-"FREQUENcY--'. 

193 Samples 391 Africans 

CAAAACCCCCTCCCCA 
� .  -

CAAAAC C CTCCCCCCA 
CAAAACCCCCCCCCCA 
CAAAACCCTGCCCCCA 
CAAACCCCCCCCCCCA 
CAAAACCCCCCCCTCA 
CAAAAC CCTACCCCCA 
CAACCCCCCCCCCCCA 
C AAAATCCTCCCCCCA 
CAAACCCCCCCCCTCA 
CAAAACC CCCTCCTCA 
CAAAACC TCCTCCCCA 
. CAA- CCCTCCCCCCCA 
CAAAACCCCACCCC CA 
CAAA-CCCTCCCCCCA 

.- - > ,�-

CAAA- C C TCCCCCCCA 
CAAAACCCCGCCCCCA 
CAAAACCCTCACC C CA 
CAAAACC C TCCCCTCA 
CAAAACC T TCCCCCCA 
CAAAACTCCCTCCC CA 
CAAAATCC CCCCCCCA 
CAAAATCCCCTCCCCA 
CAAAATC CTGCCCCCA 
CAAACCCCCTCCCCCA 

.... 

CAAAGCCC CCTCCCCA 
CAGAACCCCCTCCC CA 
-'" 

CCAAACCCCCCCCCCA 
TAAAACCCCCTCC T CA 
TAAAACTCCCTCCCCA 
TAAACC C CCCCCCCCA 
TAACCCCCCCCCCCCA 

Horai et al. (1993) 
1 1 1  

5 

1 5  

3 

-........ -.. -. 

2 

"NAAAACCCTCTCCCCN 1 4  'NAAAACCCC'CTCCCTN 2 
NAAAATCCTACCCCCN 

.. 

:NAAAACCTCCCCCCCN 

1 9 1  

80  

23 

1 7  

6 

4 

3 

2 

2 
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The first column i l lustrates the sequence surrounding the C-run region, from np 1 6 1 79 to 1 6 1 94 
and the next columns indicate the frequency of occurrence i n  two different datasets. 
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4.4 Hpa I (np 3594) 

HpaI positive cuts at position 3 592 if there is a thymine in  position 3 5 94.  HpaJ has h igh 

frequencies in  Africa (Denaro et al. 1 98 J ;  Chen et al. 1 995) ,  and low in the Middle East and 

S ici ly  (Bonne-Tamir et al. 1 986, Semino et al. 1 989). This  is probably due to African 

admixture. Thymine in pos ition 3594 corresponds to the HpaI-Morph 3 from Restriction 

Enzyme Analysis .  This  defines the group Chen et al. ( 1 995) cal l s  Haplogroup L, for which 

they estimate a d ivergence time of 98- 1 29,000 years. 

Table 9 HpaI frequencies in the populations in this study. 

Population Hpa I - Hpa l +  % HpaI + 
Borana 1 0 

Fulbe 38  23 38  

Hausa 1 0  1 0  50 
Kanuri 7 7 50 
Kikuyu 1 5  1 0  40 
Sakuye 1 0 
Somali 2 1  6 22 
Songhai 5 5 50  
Tuareg 1 2  1 4  54 

Turkana 1 6  2 1  57  

Yoruba 8 1 3  62 

Key to fol lowing graph 

The Populations are marked a long the x axis with a code. The first category is geographical 

location: M = Middle East; W == Western; E = Eastern; C = Central ; S == Southern Africa. The 

second category is l inguistic phyla: AA := Afro-Asiatic; N S  == Nilo-Saharan; NK = Niger­

Kordofanian .  The th ird category indicates l ifestyle: P == Pastoral i sm, A = Agricu ltural ;  H := 

Hunter-Gatherer, PA == Pastoral ism/Agricultural .  

Sekele, Nama, ! Kung, and Kwengo are from Soodya\ l  and Jenkins ( 1 992). Dama, Swazi, 

Tswana, Tsongo, Ambo, Xhosa, Sotho, and Lemba are from Soodyal l  ( 1 993) .  Pygmy, Bantu 

and ! Kung are from Denaro et al. ( 1 98 1 ). Wolof, Tukolor and Peul are from Scozzari et al. 

( 1 988). N.B. ,  for thi s  graph the Pygmy groups are combined .  
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4.5 Nine Base Pair Sequence 

From comparison with the HVR-l region, it can be determined that the trip l ication of the n ine  

base pair sequence occurred as  two independent events one occurring in  C luster-I (WH540) and 

the other in C luster-I I I  (WF855). The deletion occurred as three independent events one 

occurring in  C luster-I I I  (WY720), another C luster-V (ET 1 29, EK68 & ET1 68) and another in 

C luster-VI (ET l 02). The Pygmies with the deletion reported by Vigi lant ( 1 990) fal l  in C luster­

V. Thi s  was confirmed by a neighbor-joining tree (tree not shown). These results indicate that 

the loss or gain of the n i ne base pair sequence in the intergenic region is reasonably fast and i s  

therefore by itself is not an  informative marker within Africa. This polymorphic s ite should be 

used only in  conjunction with Control Region sequences or RFLP information . 

Table 10 Number of Repeats in the populations surveyed 
IPopulation 1 1 1  21 31 Totall 
Borana 1 1 

Fu lbe 60 6 1  

Hausa 1 9  20 

Kanuri 1 4  1 4  

Kikuyu 24 25 
Sakuye I I 
Somal i 27 27  
Songhai 1 0  1 0  

Tuareg 26 26 

Turkana 3 34 3 7  

Yoruba 20 2 1  

I Total 51 2361 2 1 243 1 
The number of the 9-base pair repeats in each population is recorded. The overal l frequency i s  
low, 2 . 1 % of  the sequences have only one repeat (i .e. deletion) and 0 . 8% have three repeats 
( i .e .  trip l ication). 
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4.6 African Ethn ic G roups 

4.6.1 Pairwise d istances * 

8 1  

Visualising population structure and history by pairwise distances (also known as mismatch 

distribution) was developed by Li ( 1 977) and extended by Rogers and Harpending ( 1 992). 

Pairwise distances are presented as h istograms showing the relative frequencies of pairs of 

individuals who differ by i sites, where i = 0, I , . . . . "Waves" defined by one peak are seen in 

publ ished pairwise distances (Rogers and Harpending, 1 992) .  This has also been generated 

from simulation studies where a population has undergone an expansion event or gone through 

a bottleneck (Rogers and Harpending, 1 992). Simulation studies of populations in equ i l ibrium 

( i .e .  maintaining a population size) show on the other hand very ragged curves (Rogers and 

Harpending, 1 992). There wi l l  be more than one model that generates a particular distribution 

(Marjoram and Donnel ly, 1 994), for example, the fusion of two dist inct populations each with 

relatively homogenous sequences would generate a bimodal distribution. 

4.6.2 Hudson Test '* 

The Hudson Test (Hudson et at. ] 992) aims to detect genetic subd ivis ion between two or more 

sub-populations, based on genetic d istances. The statistical significance of the test is generated 

with Monte Carlo Simulations. 

Where, 

Ks equals is a weighted average of K 1 and K2, 

where, Ks :::: wKJ + ( 1  W)K2 

Kr is the average number of differences between al l sequences from the two subpopulations 

combined. When there is  no subdiv ision Ksr is near O. The Probabi l ity of Ksr gives the 

proportion of random partitions of the distance matrix that give the randomised Ksr > observed 

Ksr· In other words, the pairwise distance entries from two populations are randomly assigned 

* Programs written by A. von Haeseler 
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between the subpopu\ations and the KST recalculated� th i s  i s  repeated one thousand times. The 

KST value is compared to the randomised results to estimate the Probabi l ity of KST (P of KST)' 

P of KST value ( P>0.05) rejects the nul l  hypothesis that the two subpopulations are not 

genetically differentiated, i .e.  the populations can not be d i stinguished between each other by 

this test. 

4.6.3 D istance Statistic 

{ D I + D l }  where D'2 is the mean pairwise d i stance between two D s = rn ax O , D l l - 2 
' 

popUlations 1 and 2 and D, and D2 is the mean pairwise difference between population 1 and 2 ,  

respectively (Nei,  1 987:p.276: formula 1 0 .2 1 ). This statistic i s  based on the assumption that 

the two populations being compared represent two independently drifting samples from a 

single ancestral popUlation. 

4.6.4 Ethn ic Groups Stud ied 

Table 11 Sampled populations 

Population 
Biaka 
Mbuti 
Kikuyu 
Somal i 
Turkana 
! Kung 
Fulbe 
Hausa 
Kanuri 
Mandenka 
Songhai 
Tuareg 
Yoruba 

Code 
CB 
CM 
EK 
ES 
ET 
SK 
WF 
WH 
WK 
WM 
WS 
WT 
WY 

Source 
2 
2 

I 
2 

3 

1 +2 

n Language Phyla Economy 
1 7  NK H 
1 1  NS H 
25 NK A 
27 AA P 
37  NS P 
1 9  KS H 
6 1  NK P 
20 AA A 
1 4  NS P 
87 NK A 
1 0  NS A 
26 AA P 

2 1 + 1 2  NK A 

L = 3 87 

' Code' designates the population. The first letter represents geographical location C Central, 
E Eastern, S Southern, or W Western Africa. The second letter represents the population . 
Thi s  nomenclature for the ethnic groups wi l l  continue throughout the thesis .  ' Source' of the 
samples are indicated by the numbers 1 th is thes is, 2 Vigi lant et al. ( 1 99 1 ), and 3 Graven et al. 
( 1 995). n is the sample size of each population. The four language phyla present in Africa are 
designated: AA Afroasiatic, KH Khoisan, NK Niger-Kordofanian and NS N ilo-Saharan. The 
economic l ifestyle of the population is H Hunter-Gatherer; P Pastoral i st and A Agriculturist. 
Note that there are two additional sequences, not included in the popUlation analysis, but are in 
the continental analysis. They are from one Sakuye individual from Kenya and one Borana 
indiv idual from Ethiopia. 
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Table 12 Mean pairwise distances within African ethnic groups 

CB CM EK ES ET SK WF WH WK WM 

CBiaka t C 8.1 1 8  1 0,797 1 1 .334 1 1 ,689 1 1 ,870 8.850 1 1 . 5 1 5  1 0.897 1 1 . 723 1 1 .360 

5.294 4. 1 7 1  3 . 057 2 . 6 5 6  3,293 2.455 2 . 6 1 3  2.594 2.828 2.602 

CMbuti t C 6.364 9.404 9.983 1 0. 1 33 8. 809 9.955 9.636 9.7 1 4  1 0. 1 00 

5.060 2.645 2.4 1 6  2.976 1 .42 1 2.224 2.565 2.486 2.302 

EKikuyu 8.670 8.388 9.664 9.387 8 3 06 7,842 8.226 8.292 

3.41 2  3 .2 1 6  3, 533 1 .686 3.205 3,093 3.373 3 .2 1 1 

ESomal i  7.687 9.799 9.747 7 .704 7 . 1 74 7.667 7.853 

2.903 3 . 327 1 .692 2,749 2,604 2.929 2.795 

ETurkana 10.650 9.9 1 5  9 798 9.285 9.722 9 ,745 

3.657 2.2 1 5  3 .280 3 . 1 3 5 3 .3 85 3 . 1 88 

SKung t C 2.866 1 0.058 9.536 1 0.083 1 0 . 1 3 6  

2.68] 1 .467 \ .433 1 .845 1 . 5 1 4  

WFulbe 7.092 6.659 7.203 7.002 

3.1 96 2.8 1 5  3 . 1 83 3 . 1 89 

WHausa 6. 1 58 6.707 6.657 

2.372 2.846 2.845 

WKanuri 7.451 7 , 1 69 

3.246 3 . 1 86 

WMandenka 6.591 
3.547 

WSonghai 

WTuareg 

WYoruba 
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WS WT WY 
1 0.545 1 1 .068 1 0 .979 

2.789 2.67 1 2.987 

1 0. 545 9.738 9.807 

2. 788 2.598 2.438 

9.304 8. 1 1 8 8.342 

3 . 29 1 3.398 3 .086 

8 . 8 8 1  7.486 7.693 

2.967 2.937 3.026 

1 0.627 9.6 1 9  9,722 

3 . 1 3 8 3 .3 5 6  3 . 1 26 

1 0 ,627 9.626 9.405 

3 , 1 3 8  1 . 699 1 . 565 

8.2 1 0  7 . 1 53 7.400 

3 . 1 40 3.085 3 . 1 1 7  

7.600 6.604 6.948 

3 . 1 42 2 . 749 2.8 1 7 

8.407 7. 1 29 7 .4 8 !  

3 . 363 3.258 3 . 1 53 

8.240 7 . 1 25 8.49 1 

3.364 3. 1 5 7 3.2 1 4  

8.407 8 . 1 46 8 .490 

3.363 3 .406 3 ,2 1 4  

7.105 7.374 

3.2 1 4  3 .080 

7.693 
3.026 

The upper fight triangle summarises the results from the mter-populatlOn mean pall,vise 
d istance analysis, the upper value in each cel l  is the mean and the lower value is the standard 
deviation . The cel l s  on the diagonal (marked in bold) are the intra-population m ean and 
standard deviation. 

The Turkana have the highest mean pairwise d istance and the ! Kung the lowest. There is no 

obvious corre lation between the d iversity of an ethnic group (mean pairwise d i stance) and 

geography, language or economy. The food producing groups share l ineages between them 

(see Interpopulation Network Figure 1 2  and Section 1 0 .4), whereas the food col lectors share no 

l ineages between groups. The food producing groups show the mean pairwise d istance is no 

h igher between the groups than with in them. However, in contrast the food col lecting groups 

have higher mean pairwise distance between the groups than with in. 

Fe Food Col lectors 
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Table 1 3  G enetic Distances and results from the Hudson Test 

x 

The upper right triangle summarises the Corrected Os values (x 
from D _ m a x {o D _ D I + D 2 } , where 012 is  the mean pairwise distance between two 

s - ' 1 2 2 
populations 1 and 2 and 0 ,  and O2 is the mean pairwise difference between population 1 and 2 ,  
respectively (Nei, 1 987:p.276: formula 1 0 .2 1 ) . The lower left triangle summarises the  results 

K 
from the Hudson test, the top figure in each cell is the KST value K S T = 1 - _S_ and the 

K r 
lower figure i s  the Probabi l ity of KST (zero is to 3 decimal p laces). The nul l  hypothesi s  that the 
two subpopulations are not genetically differentiated can be rejected when the Probabi l ity of 
KST <0.05 . The comparisons which rej ect the nu l l  hypothes is  are indicated with black squares 
and white text. 

The Hudson test (see Tabl e  1 3), suggests that most ethnic groups are distinct from each other, 

but that there i s  genera l ly no subdivision between the West African populations.  The Kikuyu 

and Turkana of East Africa a lso show no subdivision. The distance statistic (OS) genera l ly 

correlates to the Hudson test results (see Table 1 3) .  Ten other pairs of populations show no 

subdivision between them, including curiously the Turkana and the ! Kung. 
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Figure 5 Pairwise Distance Distribution of African Ethnic Groups 
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The horizontal axis is the d istribution of the number of substitutions between the pairs of 
sequences. The vertical axis is the percentage of pairs. Note the vertical axi s  for the food 
col lectors (the top row) have a maximal value of 40%, whereas the vertical axis for the food 
producers have a maximal value of 30%. r represents the raggedness value described by 

d 
Harpending et at. ( 1 993) defined as r ::::: I (Xj - Xi-! ) 2  . 

; = 1  

The pairwise d istance distributions due to the smal l  sample sizes should  not be overinterpreted. 
There is a tendency, however, for the food producing groups to have a smooth distribution in 
contrast to the food col lecting groups wh ich have ragged curves, this has been confirmed w ith 

d 
the raggedness value r ::::: LCx; - Xi_ I ) 2 

Harpending et at. ( l 993) .  Several measures of 

raggedness were calculated, but simulation studies demonstrated that these measures were not 
stable, for example smal l  sample s izes tend to increase the raggedness values significantly (data 
not shown), and therefore caution should be applied to the interpretation of raggedness values. 
The raggedness statistic should be used only as a guide as it is an ad hoc measure of non­
smooth distributions (Sherry et al. 1 994) and is sens itive to sample size and diversity. The 
results (Table 17 and Table 18) are consistent with s imulation studies that have generated 
ragged curves from popu lations which remain a constant size (Rogers and Harpend ing, 1 992). 
There are however, several population h istories which could lead to this shape of d istribution 
and the results should be interpreted as being consistent with a constant population s ize, rather 
than proof of it. 
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4.6.5 Number of Variable Positions in African popu lations 

� 60 -
,.Q � 50 "i: � m 
� =: 40 0 c..,. .... -0 .-m 30 ... 0 � � ,.Q 
S 20 
:::I 

Z 1 0  
0 

WM +  

+-------�------�I--------rl --- ---+I------�I------�. 
0 20 40 60 80 1 00 

Sample size 
120 

Figure 6 Number o f  variable positions versus sample size for African populations 
The populations are label led EK (Kikuyu), ES (Somal i ), ET (Turkana), WK (Kanuri), WF 
(Fulbe),  WH (Hausa), WS (Songhai), WT (Tuareg), WY (Yoruba), and WM ( Mandenka, 
Graven et al. 1 995). The curved l ine is for comparison with F igure 7 .  

� 60 -,.Q � 50 .-... � m 
� =: 40 0 
� . --0 ..... 
... m 30 0 � � ,.Q 
S 20 :::I 

Z 1 0  

0 
0 

YAK 
• . ALT HAl . 

ATH. 
HUE· 

NGO . 

20 40 

INU • 
NUU . 

------t----

60 80 1 00 1 20 
Sample size 

Figure 7 Number of variable positions versus sample size for a selection of 
American and Circumarctic populations 
The populations are label led NVV (Nuu-Chah-Nu lth, Ward et al. 1 99 1 ); ALT (Altai, Shields et 
al. 1 993);  HAl (Haida, Ward et al. 1 993); HUE (Huetar, Santos et al. 1 994); YAK (Yakima, 
Shields et al. 1 993) ;  INU (Inuit, Sh ields et al. 1 993); and NGO (Ngobe, Kolman et al. 1 995) .  
The curved l ine i s  for comparison with Figure 6 .  

The 3 89 Africans included in this survey had 1 27 variable positions in  the region np  1 6024 to 

1 6383 .  The figure above i l lustrates the relationship between sample size and number of 

variable positions. The Turkana show relatively more variable positions for their  sample s ize 

which is reflected in their extremely high diversity. The African populations general ly have 
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more variable positions than other populations* as  i l lustrated by a selection of Native American 

and Circum arctic populations (see Figure 7). 

4.6.6 Simulations of Coalescent Times 

(Analysis done with A. von Haeseler) 

Table 14 Coalescent times with different population histories 
Location Population constant exponentially 
i n  Africa size growing 
South !Kung 40,000 34,000 

Central Biaka 54,000 23,000 
Mbuti 40,000 23 ,000 

East Kikuyu 1 1 6,000 29,000 
Somali 1 03 ,000 27,000 
Turkana 1 40,000 3 3 ,000 

West Fulbe 88,000 1 1 ,000 
Hausa 8 1 ,000 2 1 ,000 
Songhai 9 1 ,000 47,000 
Tuareg 94,000 25 ,000 
Yoruba 1 0 1 ,000 2 1 ,000 
Kanuri 94,000 33 ,000 
Mandenka 79,000 9,000 

sudden 
expansion 

4,000 

1 9,000 
1 0 ,000 

3 5,000 
3 4,000 
45,000 

26,000 
n.a. 

36,000 
26,000 
3 2,000 
29,000 
2 1 ,000 

Estimates of coalescent times (years) back to the most recent common ancestor of the sample .  
Column two and three give the times for a constant and exponential ly growing population, 
respectively. The method is described by Weiss and von Haeseler (in prep. ) derived from Nee 
et at. ( 1 995) .  The last column gives the estimate of the expansion t ime of the mode l  of 
Pleistocene population explosion (Rogers, 1 994) .  

With African populations it is not appropriate to treat the ethnic group as an entity with a 

common h istory, as demonstrated later in  Section 6. Rather ethn ic groups are composites of 

different genetic elements, each with d istinct histories in terms of origin and expansion events. 

This table is i nteresting, however, as the sudden expansion times in the West Africa ethnic 

groups, correlates roughly to the expansion events of clusters I I  (a and b), I V  and V of West 

Africa. The sudden expansion times also in the East Africa groups correlate to the expansion 

of Clusters I I I  and V (see Section 6). The constant population coalescence times probably 

approximate the more d istant l ineages coalescence times, for example the diverse l ineages 

(predominantly C luster-VI)  of East Africa correlate with o ldest coalescent dates. See Section 6 

for reference to the C lusters mentioned above. 

* H is important to note that due to the diversity within Africa, none of the African popu lations surveyed 

are representative of the population as a whole, that is, a significant proportion of the l ineages within the 

population are not sequenced. 
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4.6.7 Correlation between language, Economy, Geog ra phy and  

Genetics 

4.6. 7. 1  Language 

Table 15 Linguistic Pairwise Distribution. 
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To test if pairwise d istances could detect correlation with l inguist ic phyla, the sequences were 

pooled by phyla. The Biaka and Mbuti are suspected to have recently replaced their language 

(see p .  32). This may be the case for other populations too, therefore for the purposes of the 

study the current language was used to investigate relationships between the language phyla. 

The N ilo-Saharan group has the highest mean pairwise d istance within the phylum, th i s  is due 

in  part to the d iverse Turkana accounting for a high proportion of thi s  phylum (67%). There is 

subdivision according to the Hudson test but the genetic d istances(Ds) based on the m ean 

pairwise distance (Nei 1 987:p.276: formula 1 0.2 1 )  do not detect any obvious structure, except 
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for the isolation of the Khoisan phylum (see Table 1 5). The other linguistic phyla have low 

genetic distances, suggesting that there is little to differentiate between them. 

4.6. 7.2 Geography 
Table 16 Geographic Pairwise Distribution. 
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triangle are the results from the Hudson test (the KST value and the probability of Ksr) and the 

corrected distance D :;:: m ax{o D _ 
D l + Dz } . S ' 1 2 
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To test if pairwise distances could detect correlation with geography, the sequences were 

grouped by geographic categories. 'West' is defined by individuals from Cameroun, Nigeria, 

Benin, Mali, Niger and Burkina Faso and 'East' by individuals from Kenya, Somalia and 

Ethiopia. There is a higher diversity in East Africa (mean±s.d. = 9.39±3 .50), than in West 

(mean±s.d. ::::: 7 . 1 3±3 .2 1 ). The distributions show bimodal peaks which is consistent with two 

major expansion events (Rogers and Harpending, 1 992). The corrected distance between the 

two regions is low. There is however, geographic subdivision as measured by the Hudson test. 
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4.6. 7.3 Economy 

Table 1 7  Lifestyle pairwise distributions. 
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agricu lturists and hunter-gatherers are 0.0043 , 0.0058 and 0.0 1 67 respectively where 
d 

raggedness i s  calculated based on Harpending et at. ( 1 993 ) defined as r = L (Xi _ Xi_ I )2 . 
j:;:;1  



Table 18 Hunter-Gatherer Pairwise Distributions 
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Three hunter-gatherer popUlations from different continents. Unlike the standard smooth 
unimodal curve observed in most world-wide populations, these curves are characterised by 
their raggedness. r represents the raggedness value described by Harpending et al. ( 1 993) 

d 
defined as r :::: I (Xi - Xi-! )2  . Compare the raggedness values to food producing populations 

;;] 

( 1 0.9). 'Ragged curves are generated from simulations when the population size remains 
constant (Rogers and Harpending, 1 992). Note the Mukri sample size is 3 8, which is lower 
than the 43 published by Mountain et al. ( 1 995), because five sequences with ambiguous bases 
were removed. 
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To test if pairwise d istances could detect correlation between the different economic modes 

( i .e .  Pastoralism, Agricultural and Hunter-Gathering) (see Table 6), the sequences were pooled 

appropriately. Pastoral ism i s  defined by a l ifestyle dependant on herded animals and the 

groups are often nomadic or sem i-nomadic, in  Africa the herded animals include cattle, goats, 

sheep and camels .  The groups which depend on a pastoral based economy include the Somal i ,  

Turkana, Fulbe, Kanuri and Tuareg. Agriculturalism is defined by a l ifestyle based on growing 

and harvesting domesticate crops. The groups which depend on a agricultural based economy 

inc lude the Yoruba, Mandenka, Songhai, Hausa and Kikuyu. Hunter-Gathering is a nomadic 

l i festyle based on coll ect plants and hunting animals. The groups which depend on a hunter­

gatherer based economy include the !Kung, B iaka and Mbuti. The Hunter-Gatherer groups are 

genetical ly distinct from the other groups, in that they do not share any l ineages with other 

populations. When pool ing the three Hunter-Gatherer groups, the pairwise d istribution is sti l l  

ragged despite the larger sample  s ize. This  phenomenon i s  also observed i n  other populations 

(see Table 1 8) :  the Mukri of I ndia (Mountain et al. 1 995) and the Saami of Lapland (Sajanti la  

et  al. 1 995). The Mukri are Hunter-Gatherers and the Saami were also, unt i l  they adopted 

reindeer herding sometime between the fourteenth to sixteenth centuries (A. Saj anti la, pers. 

comm. ).  Here is evidence on three continents that the Hunter-Gatherer l ifestyle  correlates with 

ragged curves. The food col lecting groups ( !Kung, Mbuti and Biaka) a l l  show ragged 

d i stributions which are cons istent with a population that has experienced no growth ( i .e .  no 

increase in population density). The food producing groups on the other hand, show smoother 

curves, indicative of population growth. Presumably the food col lecting groups outside Africa 

were part of a Palaeol ith ic expans ion, therefore a smooth un imodal curve would  be expected. 

Other food col l ecting groups such as the Nuu-Chah-Nulth (Ward et al. 1 99 1 )  and Aboriginals 

(S.  EasteaJ pers. comm. ), demonstrate smooth unimodal curves. To explain this apparent 

anomaly, it may be the neighbours of the food producers who i nfluence the population 

dynamics of the food collectors. Agricultural or pastoral neighbours may restrict the food 

coll ectors' territories or marginal ise them to less fert i le areas. Both these scenarios wou ld  

reduce or  at best maintain the population size. 
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4.6.8 Africa in the World 

Compared to the other continents Africa has the highest diversity when observing the mean, the 

mode and the maximum pairwise d istances (see Table 1 9) .  Sequences from Africa also have 

the most number of variable positions, with the much larger European sample just behind, Asia 

also has a relatively h igh number of variable positions for the sample size (Table 1 9) .  When 

calculating corrected d i stances the Americas had the highest value from the other continents 

(see Table 20).  Steel et  af. ( 1 988) and Penny ( 1 982) have cautioned that d istance measures do 

not reflect al l the information in the data. When observing pairwise d istributions (Table 1 9) ,  

African diversity (mean±s.d.  = 8 .47±3 .37) is as  high as  the  d iversity between Africa and the 

rest of the world (mean±s.d .  = 8 .3 1 ±3 . 1 8) suggesting the world's  m itochondrial genepool is a 

subset of Africa. This contrasts with the rest of the world ' s  mean of 5 .86±2.60.  

Table 19 Continental Comparison 

CONTINENT n l ineages variable max. mean s.d. mode 
positions pwd pwd 

AFRICA 3 89 232  1 26 2 1  8 .47 3 .37 1 0  
MIDDLE EAST 4 1  3 8  68  1 8  6 .89 2 .65 6 
EUROPE 6 1 2  254 1 1 9 1 6  4.29 2 .3 8 4 
ASIA 1 98 1 23 1 1 5 1 8  6.73 2 .54 7 
AMERICA 355  1 1 7 79 1 4  5 .57  2 .96 7 

This is an overview of the HVR-I in five continents/sub-continents. lineages are the number of 
different sequences; variable positions are the number of variable positions from the 34 I bases 
analysed ( inde l  events were not counted); max. pwd is the maximum pairwise distance; mean 
pwd is the mean pairwise d i stance; s.d. is the standard deviation; and mode is the peak of the 
distribution . For thi s  analysis,  only 3 4 1  bp (np 1 6030- 1 6370)* were used, this was to maximise 
the sample s ize as many publ ished sequences were not sequenced for the whole 360 bases or 
had ambiguous bases in the flanking regions. 

* 
For overview of published studies see (Section 1 1 .3) 
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Table 20 Mean pairwise distances between and within continents 

AFRICA MIDDLE EUROPE ASIA AMERICA 
EAST 

AFRICA 8.47 8 .78 7 .8 1 8 .60  9 .0 1  

MIDDLE EAST 1. 10 6.89 5 . 84 7 .39 7 . 80 

EUROPE 1.43 0.25 4.29 6 .22  6 .76  

ASIA 1. 00 0.58 0. 71 6.73 6 .67 

AMERICA 1. 99 1. 57  1.83 0.52 5.57 
The upper nght trIangle represents the mter-contmental mean pairwIse d Istance. The cel ls on 
the diagonal marked in bold are intra-continental mean pairwise d istance. The lower left 

triangle marked i n  italics represents the corrected distance D = m ax{o D _ 
D J + D 2 } . 

S ' 1 2 2 

For thi s  analysi s  on ly 341  bases were analysed (np 1 6030- 1 63 7 1 ). 

Table 2 1  Africa versus non Africa 

n lineages max. mean s.d . mode 
pwd pwd 

AFRICA 389 232 2 1  8 .47  3 .3 7  1 0  
BETWEEN AFRICA & NON AFRICA 23 8 .3 1 3 . 1 8  7 
NON AFRICA 1 1 65 479 1 9  5 .86  2 .60  6 
TOTAL (ALL CONTINENTS) 1 554 654* 23 6 .94 3 . 1 4  6 

America, Asia and Europe were pooled to represent the non-African sequences. The results 
were unchanged when the M iddle East sample was included (data not shown). variable 
positions are the number of variable positions from the 34 1 bp analysed ( indel events were not 
counted); max. pwd is the maximum pairwise distance; mean pwd is the mean pairwise 
d istance; s.d. is the standard deviation; mode is the peak of the distribution. 

* The number of l ineages of all sequences combined can be represented by a Venn diagram. 
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4.6.9 Africa's d ivers ity in comparison to the World 's 

5 

.... 
o 

'eft. 5 

o 

Figure 8 Pairvvise Distribution of Africa versus the rest of the world 
The h istogram of the pairwise distribution of Africa is i l lustrated as black, the rest of the World 
is i l l ustrated as white and between Africa and the rest of the world is i l lustrated as with hatched 
markings. Africa 's  d ivers ity is h igher than the other continents (Table 20), and is maintained 
even when the other continents are pooled (Table 2 1 ) . 
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4.7 Discussion 

The hypervariable region has many advantages for human population studies due to its h igh 

substitution rate. There is, however, rate inconsistency a long the region (Wakeley, 1 993 ; 

Hasegawa et al. 1 993). This was supported in the present study with an i ndependent data set of 

African sequences. F igure 3 i l l ustrates that some sites are indeed very fast whi le  others tend to 

be conserved. There is also a bias of trans itions to transversion, as i l lustrated by Figure 4.  

However, what appears to be transversions in the C-run region (np 1 6 1 80� 1 6 1 93 )  may in fact 

be s l ippage events (see Section 4.3 .3) .  Variable rates and trans ition bias should be taken into 

account especiall y  with phylogenetic reconstruction methods. 

Using pairwise distance distributions it is possible to get an overview of the data, for example, 

the higher mtDNA d iversity in Africa as compared to other continents. Analysis in the later 

sections, however, demonstrates that it is more informative to have a sequence based approach 

which reveal the different genetic components (defined in th i s  thesis as c lusters). Pairwise 

distances used in paral le l  with other methods can provide an estimate of d iversity and 

expansion dates of the c lusters (see Section 6). 

Pult et al. ( 1 994) reported that the African populations are genetica l ly isolated from each other 

in comparison to European populations. The populations used in the Pult et al. ( 1 994) analysis 

were original ly from Vigilant et al. ( 1 989; 1 99 1 ), the populations (especial ly the ! Kung and 

Pygmy groups) were probably chosen for th i s  study because they are phenotypical ly d istinct 

from other African groups. Resu lts from additional n ine African popUlations reported here, 

show evidence of sequences shared across ethnic boundaries (see Section 6) and large 

geographical d istances, for example, a sequence is shared between Kikuyu, Mandenka, Somal i ,  

Tuareg, and Fulbe individuals (Cluster-V, Figure 12), the maximum distance between these 

individuals is almost 6,OOOkm. 

Despite the evidence of geneflow over large areas, the Hudson test and Nei ' s  distance stat istic 

does detect subdivision between most Africa popu lations. The West African populations show 

no subdivision between them with the Hudson and Nei ' s  d i stance test. The East African 

populations of the Turkana and Kikuyu also show no subdivis ion between them, suggesting a 

degree of regional d ifferentiation. 

Subdiv ision is detected with the Hudson test according to the categories of language, economic 

mode and geography. Further investigations, particular ly s imulation studies, need to be 
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conducted into what the Hudson test measures and if it is an appropriate test for population 

studies such as th is .  

Al l  categories ( language, economy and geography) probably contribute to some degree to the 

genetic structure of each ethnic group and w i l l  be d iscussed in more depth in the Section 6. 

Section 6 describes various e lements (cluster) in ethnic groups which have d ifferent h istories, 

some reflecting the geographical region, some may reflect cu ltural d iffus ion which correlates to 

language and! or to economy. 

Observing the raggedness val ues of the pairwise d istance d istributions suggests the Hunter­

Gatherers (Food Col lectors) have more ragged curves, suggesting that their populations may 

have been constant. These results should not be overinterpreted due to sample s ize l i mitations. 

Thi s  is consistent with some food col l ecting populations which l ive outside Africa, such as the 

Mukri and Saami, however other food col lecting populations do not show this .  It i s  not the 

food col lecting l ifestyle per se, but the food producing neighbours which may influence the 

popu lation dynamics of the food col lectors. Even in the last m i l lennium the population 

territories of food col lectors are known to have been severely reduced, for example the ! Kung 

in Southern Africa and the Saami in Scandinavia. 

This  section described the sequences using standard methods. This  is presented to orientate the 

reader and provide an overv iew. The fol lowing sections w i l l  analyse the data more extensively. 
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5. THE TURKANA PEOPLE OF EAST AFRICA HAVE THE H IGHEST MTDNA 

GENETIC DIVERSITY 

5.1 Abstract 

The mitochondria l  DNA hypervariable region [ was sequenced from 24 1 individuals from n ine 

African ethnic groups. When comparing these and other publ ished sequences, the Turkana 

people of Kenya have the highest diversity of any ethnic group reported to date. Indeed the 3 7  

Turkana i ndividuals have a higher diversity than the Vigi lant et al. ( 1 99 1 )  world wide sample 

of 1 89 individuals .  Diversity can be indicative of the centre origin of species. An alternative 

explanation of lower mutation rate outside Africa is e l iminated because the same rate of 

mutation was found from a nuclear insert copy (Zischler et al. 1 995) to 232 African l ineages 

and 475 non-African l ineages. The data is most compatible with l arger effective population 

size due to age rather than population s ize .  This is compatible with the non-African 

m itochondrial DNA being a subset of African DNA. 

5.2 I ntroduction 

The origin of modern humans (Homo sapiens sapiens) has caused debate for several centuries. 

Currentl y  the two main competing hypotheses concerning the origin of modern humans accept 

that Homo erectus arose in Africa and spread out of Africa more than one m i l l ion years ago. 

However, the Out of Africa hypothesis maintains that Homo sapiens evolved with in  Africa, and 

then expanded to the rest of the world with in the last 1 00,000 years ago, replacing Homo 

erectus (Cann et al. 1 987; Vigi lant et al. 1 989;  Bowcock et al. 1 99 1 a; Horai et al. 1 993 ; Jorde 

et al. 1 994; Horai et al. 1 995) it predicts the highest genetic d ivers ity would be found in 

Africa. In contrast the Mu ltiregional hypothesis maintains that Homo erectus evolved i nto 

Homo sapiens sapiens in several regions particularly Africa, Europe, Asia and Austral ia  

(Wolpoff, 1 989, 1 992;  Thorne and Wolpoff, 1 992; and consequently fu l l  d iversity would be 

found in most regions of the world .  

Most genetic studies favour the Out of  Africa hypothesis (Cann e t  al. 1 987 ;  Vigilant et al. 

1 99 1 ;  Horai et al. 1 993 ; Jorde et al. 1 994; Horai et al. 1 995;  Penny et al. 1 995), but the 

palaeontological record, particu larly in Asia, is difficu lt to interpret. Palaeontologists have 

different ways of interpreting the fossi l  record and some view it as supporting Muitiregional 

hypothes is  (Wolpoff, 1 989, 1 992; Thorne and WoJpoff 1 992; Frayer and Wolpoff, 1 993 ; Frayer 
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et at. 1 994) but others arrived at an Out of Africa scenario independently from the geneticists 

(Brauer, 1 984a; 1 984b; 1 989; 1 990; Stringer, 1 992). These regions of h igh genetic diversity 

are interesting in that they can indicate the origin of a species; however, alternative 

explanations could be d ifferential mutation rates (either an acceleration with in Africa or 

deceleration outside Africa) or some other more complex model involving population 

dynamics. These alternatives can be tested against the simple model of centre of d iversity 

being the region of origin for a species. 

The hypervariable region I of the control region, np 1 6030- J 6370* , was sequenced from 24 1 

individuals from nine ethnic groups (as presented in this thesis). The groups are the Kanuri, 

Songhai, Hausa, Tuareg, Y oruba and Fulbe from West Africa, and the Somal i, Kikuyu and 

Turkana from East Africa (see Map 2). These groups are l ingu istical ly and cultura l ly d iverse. 

In addition, the world-wide dataset of 1 89 ind ividuals with 1 35 l ineages (Vigilant et aL 1 99 1 ), 

which included Africans, was used for comparison . 

A usefu l  marker in African populations is the presence of a thym ine at position 3 594 (Denaro et 

al. 1 98 1 ;  Chen et al. 1 995) is detected by a restriction enzyme HpaI which recognises the 

sequence GTTIAAC, HpaJ positive has been found to be specific to Africa (see p.  78) with 

frequencies as h igh as one hundred per cent in the !Kung and it does occurs in low frequencies 

in the Middle East and S ic i ly (Bonne-Tamir et al. 1 986, Semino et al. 1 989), probably due to 

African admixture. Hpa! positive has not yet been reported elsewhere in the world . 

• numbering according to Anderson et al. 1 98 1 
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Place of Birth frequency of individuals 

A Lokitaung 2 

B Kakuma 2 
C Loima I 
D Lorugumi 7 

E Lodwar 4 

F Fergusson ' s  Gulf 4 

G Kapitir 1 
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K Kerio 1 

L Baragoi 6 
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N Isiolo 4 
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Table 22 Key to Map 6 
P lace of Birth refers to the 
Maternal Grandmother's p lace of 
b irth (or the individual ' s  p lace of 
b irth when the information is not 
ava i l able ), 

Map 6 Place of Birth of Maternal Grandmother's of the 37 Turkana individuals 
The Turkana are a pastoral group (dependant on herding cattle, goats and camels) l iving on the 
Western side of Lake Turkana. Their  population has been estimated at 250,000 (Grimes, 
1 988 :p.248). Their language is of the N i lotic group of the N i lo-Saharan Language Phylum 
(Ruhlen, 1 987 :pJ I 8), wh ich is closely re lated to Toposa in Sudan (Grimes, 1 988 :p.248). The 
Turkana are presumed to have moved into Northern Kenya at the end of the 1 7th century, and 
may have absorbed the people who were l iving there including the Ngikor and Rend i l le peoples 
(Sobania, 1 979). The Map of Africa i l lustrates the locations of other African groups included 
in the analysis, including the Mandenka from Graven et al. ( 1 995) and Pygmy (Biaka and 
Mbuti), ! Kung and Yoruba from Vigi lant et al. ( 1 99 1 ). 
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Table 23 Diversity of the Turkana compared to Africa and the World. 

population d iversity n 
Turkana 3 . 1 2  x 1 0-2 37  
East Africa 2 .75 x 1 0-2 89 

Africa (al l )  2 .48  x 1 0-2 3 89 
West Africa 2 .09 x 1 0-2 25 1 
Asia 1 .97 x 1 0-2 1 98 
America 1 .63 x 1 0-2 3 5 5  

Europe 1 .26 x 1 0-2 6 1 2  

1 0 1  

In  add it ion to the 24 1 African sequences, other publ ished sequences were used (Vigi lant et al. 
1 99 1 ;  Ward et al. 1 99 1 ,  1 993; Piercy et al. 1 993;  Shie lds et ai. 1 993 ; Torroni  et al. 1 993a, 
1 993b, 1 994; Pult et al. 1 994; Santos et al. 1 994; Batista et al. 1 995 ;  Bertranpetit et al. 1 995 ;  
Kolman e t  al. 1 995 ;  Graven et al. 1 995;  Mountain e t  al. 1 995;  Sajanti la e t  al. 1 995). Genetic 
diversity (substitutions per s ite) is calcu lated from the mean pai rwise distance d iv ided by the 
sequence length. 

The s implest measure of divers ity is the average d istance within groups. Table 23 i l lu strates 

that the h ighest d iversity observed in the HVR-I region is found with in Africa and that the 

d iversity is especia l ly h igh within the Turkana of East Africa. The s impl i stic model would 

predi ct on the basi s  of d ivers ity that the centre of origin of modern humans would be Africa 

and more specifical ly East Africa. More complex models need to be addressed. It is possib le  

that the mutation rate was h igher in  Africa or  slower outside Africa. Thus we compared a l l  

African and non-Afr ican l ineages a fragment of m itochondrial Hypervariable I region i nserted 

in the nuclear genome (Zisch ler et al. 1 995)  and to a second outgroup of 64 ch impanzees Pan 

troglodytes (Morin et al. 1 994). The mean d istance for the 232 African and 475 non-African 

l ineages from the nuclear insert was 2 1 .29± 1 .50  and 2 1 .32± 1 .8 1  respectively. S i m i l arly the 

mean d istance from the 64 chimpanzees was 5 7 . 5 1 ± 1 .65 and 56 .69± 1 .27 respectively (see 

Table  24). These results indicate no acceleration in  the African l ineages or dece leration in the 

non African l ineages and therefore exclude d ifferential rates of mitochondrial DNA substitution 

as an explanation of the h igh d iversity observed in Africa. 

Table 24 Mean distance from Outgroups 

Africa 

Non-Africa 

l ineages 
n 

232 

475 

nuclear copy 64 

of HVR-I chimpanzees 
as outgroup as outgroup 

2 1 .29 5 7.5 1 

2 1 .32 5 6.69 

Mean pairwise d istance of the datasets to the outgroups. The numbers are not sign ificantly 
d ifferent, indicating that there has been no acceleration on the African l ineages, or dece leration 
on the non-African l ineages. Thus the higher d iversity in  Africa is not a result of a h igher 
substitution rate. 
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Figure 9 Painvise Distance Distribution of the Turkana versus the World 
Mean pairwise d istances i l lustrate the average distance of each sequence to every other 
sequence within a population. The diversity within the Turkana is h igher (mean = 

1 0.650±3 .657) as opposed to the V igi lant et al. ( 1 99 1 )  world-wide sample of 1 89 (mean = 

8 .262±3 .269). The difference is h ighly sign ificant statist ical ly by randomly samp ling 3 7  
sequences from the ful l  Vigi lant et al. ( 1 99 1 )  set. Subsampl ing from the 1 35 l ineages (Vigilant 
et al. 1 99 1 )  show only 12 (with replacement) and 86 (without replacement) subsamples from 
1 00 000 subsamples have a h igher mean than the Turkana group of 3 7 .  Subsamp l ing from the 
1 89 individuals show 0 (with replacement) and 2 (without replacement) subsamples from 
1 00 000 subsamples have a h igher mean than the Turkana. To place this  in context with the 3 7  
Turkana samples, 3 Turkana i nd iv iduals have identical sequences. 

If the Turkana are div ided by the HpaJ restriction site at np 3 592 (see p. 78), quite different 

pairwise d istributions can be observed. HpaI negative indiv iduals are relatively c losely related 

(mean = 7. 1 08±3 . 089). The HpaI pos itive group are d iverse (mean = 1 1 .07 1 ±3 .564) and 

equivalent in d iversity to the d istribution of pairwise d istances between the HpaI positive and 

negative group (mean :::: I l .652±3 . ! 03), both wh ich account for the h ighest peak. The HpaI 

positive sequences are found almost exclus ively with in Africa, the negative sequences are 

found world-wide including with in Africa. This figure demonstrates that the Turkana have a 
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higher diversity than the rest of the world. The HpaI positive haplotypes are responsible for 

high d iversity both from within the HpaI positive group and their distance from the HpaI 

negative individuals. This is i l lustrated in section 1 0 .9 where the C lusters I I I ,  V and VI have 

the HpaI site. Generally indiv idual sequences with the Hpal site are more diverse. 

1 8  

6 

6 

4 

2 

o 
2 3 4 5 6 7 8 9 1 0  1 2 1 3  1 4  1 5  6 1 7  8 9 

no. substitutions 

Figure 1 0  Painvise Distance Distribution within Asia and Africa 

• Africa 

2 1  

Asian sequences n "" 1 98 (Vigilant ef al. ' s  1 99 1 ;  Sh ields et al. 1 993 ; Torroni et al. 1 993a, 
1 993b, 1 994; Mountain et al. 1 995) .  African sequences n == 3 89 (Vigi lant et al. 1 99 1 ;  Graven 
et al. 1 995) .  Between indicates the pairwise d istance between African and Asian sequences. 
Indiv iduals containing ambiguous bases were excluded from the dataset. Asia and Africa are 
selected because they have the highest diversity of the continents (see Table 23 )  and the main 
alternative to Africa origin is an Asian centre. The mean pairwise distance of Africa was 
8 .466±3 .368;  Asia 6.734±2. 542 and between Asia and Africa 8 .604±3 .2 1 5  Not on ly does 
Africa have the higher diversity, but the intercontinental mean pairwise d istance being almost 
the same as the distance with in Africa is consistent with the hypothesis that the Asian 
m itochondrial genepool is a subset of the African. Th is interpretation is l imited on the 
representativeness of the mtDNA data set. The Asian sequence set is l im ited in that a high 
proportion of sequences are from the Circumarctic region, which show low diversity as 
compared with Amerind sequences. East India may also not be representative of the Asia 
genepool as a whole. 
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5.4 D iscussion 

The diversity observed in the Turkana i s  a reflection of the h igh diversity in  East Afr ica. The 

diversity of the Turkana does not indicate that the Turkana as an ethn ic entity have an 

extraord inary ancient h istory, rather ethnic groups are composites of different e lements, which 

may differ in their h istory. The idea of ethnic groups as stable units through time has been 

chal lenged in the l iterature (Barth, 1 969; Herren, 1 99 1 )  and in the present study 5% of 

volunteers are from interethn ic  marriages. The h igh d iversity i s  accounted for by the Hpal 
positive elements which are as d iverse from each other as to the HpaJ negative elements. The 

two other East African groups (the Somal i and the Kikuyu) also have h igh d iversity in  

rel ationship to other African groups. 

The fact that the non-African sequences appear to be a subset of the African sequences (as 

i l l ustrated in Figure 1 0) argues against the d iversity being explained by h igher effective 

popUlation size although th i s  does require further research . These resu lts are consistent with a 

general Out of Africa model ;  however thi s  may be modified with data from Australi a, or a 

significantly d ifferent cal ibration of the mtDNA molecular clock. It is necessary to compare 

these conclusions with a s imi lar study of a nuclear locus, or preferably loci to determine if the 

Turkana also show high divers ity at the nuclear level .  

The genetic record suggests that Africa is a ' Hominid epicentre' ,  from where waves of 

expansion occurred out of Africa. With higher d iversity there may have been more opportunity 

to generate new homin id types: first Homo erectus then two distinctive Homo sapiens (early 

and modem). These hominids have successively migrated out of Africa replacing the earl ier 

homin ids, who have left, as yet, no detectable trace in the genetic record (see Map 2). There is 

a possibi l ity which requires further investigation, that there were in fact two modern h uman 

Homo sapiens sapiens expans ions out of Africa. The first which may have remnants i n  

Australia as s uggested by sequence number 49  from Vigi lant e t  al. ' s ( 1 99 1 )  dataset, and 

possibly other parts of Asia. 
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6.  MITOCHONDRIAL FOOTPRINTS OF HUMAN EXPANSIONS WITHIN AFRICA 

6. 1 Abstract 

M itochondrial DNA studies support an African origin for modern humans, but the expans ion 

events within Africa have not previously been investigated. 237 HVR-I sequences from a 

diverse selection of n ine African ethnic groups were studied in addition to previously publi shed 

sequences .  The African sequences fel l  into five major c lusters, whose star-l ike structures 

affirm demographic expansions. A number of sequences ( 1 4%) fel l  outside these c lusters, 

these were divergent from each other and accounted for the h igh mtDNA diversity seen within  

Africa. The o ldest of  these expansions inc ludes the major founding sequence of  Eurasian 

mtDNA. Other younger expansions remained within Africa. Coalescence dates were estimated 

for each c luster and the cause of the expansions is d iscussed. 

6.2 I ntroduction 

Most mtDNA studies support an  Out of  Africa scenario for the evolution of  modern humans 

(Cann et al. 1 987; Caval l i-Sforza et al. 1 988; Vigi lant et al. 1 99 1 ;  Chen et al. 1 990; Rapacz 

et al. 1 99 1 ;  Bowcock et al. 1 99 1 a; Nei and Roychoudhury, 1 993;  Di Rienzo et al. 1 994; 

Bowcock et al. 1 994; Deka et al. 1 995;  Goldstein et al. 1 995 ;  Penny et al. 1 995) .  These 

studies demonstrate the highest diversity in the world is found with in Africa, and predict 

human ' s  last common ancestor l ived between 1 00 kya and 300 kya. With the advent of large 

datasets and intraspecific phylogenetic methods, it is now becoming possible to study the 

geograph ic origin of mtDNA diversity in Africa, as wel l  as the expansion events with in Africa 

that led to the colonisation of Eurasia. 

Different nuclear and mitochondrial loci have been studied in African populations and 

compared with other African populations and with populations in other parts of the world. 

MtDNA has been stud ied in African populations with a six restriction enzyme system (Cann et 

ai. 1 987, Soodyal l  1 993), and control region sequences (Vigi lant el al. 1 99 1 ). Recently 

Graven et al. ( 1 995)  generated information from both restriction enzyme data and control 

region sequences from I 1 9  Mandenka individuals; and Chen et al. ( 1 995) employed fourteen 

restriction enzyme system on populations from Central and West Africa. 
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6.3 Materials and Methods 

6.3.1 Subjects 

African mtDNA sequences from Hypervariable Region I and II (HVR I and I I)  have been 

publ ished from the Yoruba, Mbuti (East Pygmy), B iaka (West Pygmy), Hadza, Herero, ! Kung 

and African-Americans (Vigi lant et al. 1 99 1 ), and from Mandenka (Graven et al. 1 995) .  The 

Hypervariable Region I was analysed from these publ ished sequences } together with e ight 

additional African populations (Turkana, Kikuyu, Somali ,  Hausa, Tuareg, Kanuri, Songhai and 

Fulbe) and additional sequences from the Yoruba population (see Table 6). Networks were 

constructed from information from np 1 6090- 1 63652, in order to include as many sequences as 

possible without losing too much phylogenetic information. The HpaI Morph-3 cuts at np 

3 592 when np 3 594 has a thymine. Hpal at this position was determined in a l l  individuals and 

added to the HVR I data as an add itional character. HpaI Morph-3 has been shown to be 

specific to Africa, and informative within Africa (Denaro et al. 1 98 1 ;  Chen et al. 1 995) .  HpaI 

Morph-3 has a low frequency in the Middle East and Sici ly (Bonne-Tamir et al. 1 986, Semino 

et al. 1 989), which is probably due to African admixture, and has been reported elsewhere in 

the world. The AvaIl cuts at np 1 6390 when np 1 6390 has a guanine. A vaIl Morph 3 has an 

adenine at np 1 6390 which defines the 2-2 RFLP Haplotype group and Chen et al. ' s ( 1 995)  L2 

group. This  position was determ ined in approximately half of the individuals see Section 1 1 .8 .  

J All  sequences with ambiguities were excluded from the analysis. 

2 All  nucleotide positions (np) are numbered accord ing to Anderson et af. ( 1 98 \ ) . 



Table 25 Populations Sampled 

Population 
Biaka 
Mbuti 
Kikuyu 
Somal i  
Turkana 
! Kung 
Fulbe 
Hausa 
Kanuri 
Mandenka 
Songhai 
Tuareg 
Yoruba 

Code 
CB 
eM 
EK 
ES 
ET 
SK 
WF 
WH 
WK 
WM 
WS 
WT 
WY 

Source 
2 
2 

I 
2 

1 
3 

1 +2 
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n Language Phylum 
1 7  NK 
1 3  NS 
24 NK 
27 AA 
37  NS 
1 9  KS 
60 NK 
20 AA 
1 4  NS 

1 1 0 NK 
1 0  NS 
23 AA 

2 1 + 1 2  NK 

2:: = 407 

' Code' designates the population. The first letter represents geographical location: C 
Central, E Eastern, S Southern, or W Western Africa. The second letter represents the 

population. The four language phyla present in Africa are designated: AA Afroasiatic, 

KH Khoisan, NK Niger-Kordofanian and NS Nilo-Saharan (Ruhlen, 1 99 1 ) . ' Source' of 

the samples are indicated by numbers :  1 This thesis, 2 Vigilant et al. ( 1 99 1 )  and 3 
Graven et al. ( 1 995) .  For geographical location of the ethnic groups see Map 2. Note 

the sample sizes are different from Table 1 1  due to a different region being 
investigated. 

6.3.2 Med ian Networks appl ication to intraspecific studies 

Network Methods, are suited to intra-species mtDNA studies, in contrast to other phylogenetic 

methods which were developed to represent inter-species relationships. I ntraspecific mtDNA 

data has both ancestral and derived sequences sti l l  present in the populat ion.  The reduced 

med ian network method employed here (Bandelt et al. 1 995), resolves character conflicts by 

frequency guided compatibi l ity arguments. Unresolved character confl icts (primari ly caused 

by np .  1 6 1 89) are maintained in the form of reticulations, so that the result ing Interpopulation 

Network (Figure 1 2) displays alternative phylogenies. It is th is abi l ity to retain many 

alternatives simultaneously that makes the networks more usefu l  and less arbitrary, than 

forcing the data into just one tree. 
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3 1 6  254 

2 1 4  

309 

Figure 1 1  Key to Networks 
A guide to interpreting the network diagrams .  

Sequences from indiv iduals ET209 and 
WT46 1 are identical and therefore share the 
same node. 

Two indiv iduals a and b are separated by two 
nucleotide changes at position 3 1 6  and 2 54, 
the order of these events can not be 
determined without additional information, 
nor can the direction of change. 

When a and b share a substitution at position 
2 1 4, the most parsimonious pathway is drawn 
representing the 2 1 4  as a single change. 

The paral le l  edges have the same nucleotide 
changes. This d iagram represents four 
alternative pathways, two requIrIng an 
additional change at np 1 92 and two requiring 
an additional change at np 309. 

309 J09 

or etc. 

W ithin the network it is usefu l  to identify distinct groups of closely related sequences, or 

c lusters. C lusters from recent expansions have central l ineages with h igh frequency and 

numerous neighbouring l ineages. These clusters are compared to estab l i shed RFLP 

haplogroups (Graven et al. J 995; Soodyal l ,  1 993), and to results from a high resolution 

restriction enzyme method (Chen et al. 1 995) .  This method has no relationship to c luster 

analysis based on d istance measures. 
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6.3.3 Network Analysis 

As we are interested in the origins and causes of human expans ions, we first defined a simple 

but effective criterion to distingu ish between sequences that may reflect recent expansion 

events. Any major demographic expansion event would be expected to lead to a concomitant 

geograph ic expans ion . Therefore we identified al l  sequences that were shared between at least 

two different populations, submitted these matches to a network analysis (see Figure 1 2) to 

d istinguish derived from ancestral character states, and then identified in the remaining dataset 

sequences sharing the sequence motif of one these matches. 86% of the sequences fel l  into the 

five major c lusters. Th is network was named the Interpopulation network (see F igure 1 2) .  

Some reticu lations are resolved by employing a reduction strategy based on compat ib i l ity and 

frequency arguments (Bandelt et at. 1 990) .  Position 1 82 (np 1 6 1 82 )  and 1 83 (np 1 6 1 83 )  were 

excluded from the network, due to their h igh rate of substitution or s l ippage in the C-run region 

which is noted for being hypervariable (Horai et al. 1 995 ;  Bendal l  and Sykes, 1 995) .  The 

resulting network (Figure 1 2) is relatively free of ambiguities. The reticulations can be 

resolved into a binary tree in several ways, and there is no need to d istinguish between these 

alternatives. The reticulations in the Interpopulation network are main ly associated with np 

1 89 ( 1 6 1 89), which is also with in the C-run. Position 1 89 has one of the h ighest substitution 

rates in Hypervariable Region I (Hasegawa et at. 1 993 ; Wakeley, 1 993) .  

C lusters are defined as a set of c losely related l ineages, radiating from a central l ineage. The 

assignment of clusters is to some extent arbitrary and were chosen based on two types of 

situations .  ( l )  Natural clusters, based on i solation from the other sequences, for example, 

C lusters IV and V. (2) Congruence with RFLP data. Data is available with both HVR-I 

sequences and RFLP types (Soodyal l ,  1 993;  Graven et al. 1 995), and information from the 

unpubl ished sequences includes the informative HpaI and AvaIl s ites. The ass ignments of 

C luster-I , II and III are congruent with RFLP haplogroups 1 -2, 7-2 and 2-2 respectively. 
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Figure 12 Interpopulation Network within Africa 
This  is a median network, with the d ifferent possible pathways i l lustrated . Shared l ineages 
between populations are i l l ustrated . Sol id nodes indicate that the l ineage i s  existent within 
Africa. The shared l ineages are c lassified into five expansion cl usters (I to V) the rat ionale 
behind these assignments are d iscussed in the text. Label s  along the edges correspond to the 

numbering of Anderson et al. 1 98 1 ). Gain of a restriction enzyme site is indicated with -t. 
Two Tuareg indiv iduals are at the node marked * which is the Cambridge reference sequence 
(Anderson et al. 1 98 1 ). 
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6.4 Results 

6.4. 1 Identification of Expansion events 

1 1 1  

The Interpopulation Network (see Figure 1 2) could be divided into several c lusters (named 

with Roman numerals), based on sequence s imi larity. These c lusters are identified with a high 

frequency central node with many radiating edges. Interpopulation l ineages are part of star- l ike 

expansions. An example of a c luster is the twin C luster-II are i l l ustrated in  detai l i n  Figure 1 3 .  

The twin cluster i s  named due to two foci (central l ineages with many radiating l ineages). 

Figure 13 Network of the West African twin Cluster-II 
The sequence at the node indicated with a * is 1 24, 223 . The expansion dates for the two 
clusters based around the central nodes 1 24, 223 and 1 24, 223 , 278,  362, are both dated at 
approximately 29,000 years ago. 

1 4% of l ineages do not fit naturally into any c luster, are not shared between populations and do 

not form any star-l ike clusters, are not un imodal in pairwise comparisons and are therefore 
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termed ' Isolated l ineages' .  Figure 1 4  i l lustrates the relationships of the isolated l ineages to the 

five expansion c lusters ( i l lu strated in Figure 1 2) .  

' .... - - " 

, 
\ 

\ 

I 
I 

/ 

Figure 14 The relationship between the Isolated African lineages and the five 

expansion clusters. 
The root for the m itochondrial insert in the nuclear genome (Zischl er et al. 1 99 5 )  is marked 
with a * 1 29, 1 87, 1 89, 223 , 230,  278,  3 1 1 .  The nuclear insert has an additional number of 
substitutions from this point, including 1 87, 1 89, 2 1 8, 223 , 249, 259t * ,  263, 264, 274, 284, 288 ,  
290, 293t, 30 1 ,  3 5 5,356 .  The clusters within the dotted e l l ipse are the expansion clusters 
i l lustrated in F igure 1 2 .  

6.4.2 Rooting  of  mtDNA Network 

Human mtDNA coalescent outgroup rooting of the network using the recently publ ished 

nuclear fragment of mitochondrial DNA, which i s  believed to have i ntegrated chromosomal l y  

before the most recent common ancestor of human mtDNA existed (Zischler et al  1 995)  

supports that the node marked by a star in Figure 13  is the sequence of the human 

mitochondrial coalescent. This i s  supported by the fact that th i s  i s  the onl y  node that 

popul at ion-specific networks of isolated l ineages have in common. The age estim ate in Figure 

1 6  of 1 00000 years for the coalescent is a min imum estimate since some of the paral le l  
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mutations, indicated by reticulations (Figure 1 2), cannot be resolved on  the basis of the present 

data. East Africa appears to represent the origin of the human mtDNA coalescent: 66% of al l  

East African iso lated l ineages coalesce on the coalescent, compared to 1 0% for the ! Kung, 0% 

for East and West Pygm ies, and 0% for West Africans. 

The three largest African clusters (comprising 70% of the samples) are closely related relative 

to the complete African phylogeny (Figure 1 3) and coalesce on a peripheral sequence 

characterised by transitions at np 1 6223, np I 6278 and a HpaI restriction site gain at np3 5 92 

relative to the Cambridge reference sequence (Anderson et al 1 98 1 ) . The coalescence age of 

this sequence is about 60000 years, making th is the o ldest detectable expans ion event i n  Africa 

(Figure 1 6) .  The expansion of thi s  sequence affected al l sampled African populations with the 

exception of the ! Kung, and created a clear frequency grad ient from East to West (Figure 1 5), 

suggesting an East African origin for this expansion.  A s ingle sequence (np 1 6223, loss of HpaI 

np3592) of Cluster-I within this expansion is ancestral to v irtually al l  Eurasian sequences 

(Excoffier et al. 1 99 1 ). Taken together, these findings suggest that one or a small  set of c losely 

related l ineages (which would be indistinguishable in today's c lusters) expanded in East Africa 

and spread into both Africa and Eurasia approximate ly 60000 years ago. This scenano IS 

strongly supported by resu lts from nuclear DNA variation (Tishkoff et at. 1 996) .  

* . t represents a transversIOn event 
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Table 26 Number of individuals in each cluster 

SK CM CB WM WS WT WY WH WF WK ET EK ES Africa 
I 0 0 0 6 2 8 1 0  6 20 4 1 5  1 5  1 9  1 05 
I I  0 0 0 1 9  3 2 6 4 1 8  3 0 0 0 55 
I I I  0 6 0 59 2 1 0  9 8 1 1  6 4 3 7 1 25 
IV 0 0 0 22 1 2 1 1 1 1  1 0 0 0 39 
V 0 6 4 2 1 1 6 0 0 0 7 3 1 31 
VI 1 9  1 1 3  2 1 0 1 1 0 0 1 1  3 0 52 
Total 1 9  1 3  1 7  1 1 0  1 0  23 33 20 60 1 4  37 24 27 407 

The Interpopulation Network (see Figure 1 2) could be divided into clusters based on sequence 

similarity Cluster-I (RFLP nomenclature 1 -2) is called the universal haplotype (Excoffier et al. 
1 992) and is present in world populations (Tharu, Oriental, Wolof, Peul, Pima, Maya, Finnish, 

Sicilian, Israeli Jews and Israeli Arabs). 'Isolated VI' is not an expansion cluster in that it has 

not undergone an expansion event, but represents the lineages that fal l  outside the five expansion 

clusters, this cluster is not monophyletic .  The ' isolated' lineages have HpaI Morph 3 (i .e .  are 

positioned on the right of the Interpopulation Network, Figure 12) .  The column labelled 'Africa' 

is the number of individuals in each of the clusters in Africa. 
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Figure 15 Graph representing the Percentage of Expansion Clusters in each 
population (%) 
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6.4.3 Age of Expansion events 

Mean Pairwise Distance was calculated for all sequences within a cluster. Transversions were 

excluded from age estimations, although they are i l lustrated in the Interpopulation and Isolated 

l ineage networks. Rogers ( 1 995) applied the 1 estimator which is based on method of 

moments. However, for most of the datasets this was not appl icable as the mean exceeded the 

variance. Therefore the uncorrected mean was used as the estimate of the age of an expansion 
event of a cluster. A transition rate of 1 .6 1  x l  0-7 site/year was employed. This rate was 

calculated from expansion events of the A2 haplotype in Eskimos and Na-Dene. This assumed 

the diversity within these ethnic groups arose after the last glaciation 1 1 300±500 years (Forster 

et al. in prep. ). The rate is calculated assuming p is the measure for time depth. p is the 

average number of sites differing between a set of sequences and their last common ancestor. 

This transition rate corresponds to other cal ibrations (Ward et al. 1 99 1 ;  Hasegawa and Horai 

1 99 1 ), which were based on human-ape divergence. The rate was estimated on the equivalent 

region (np 1 6090- 1 6365) as used in th is study. 

Table 27 Diversity of Clusters 
C luster mpwd±s.d Estimated Geograph ical 

age Range 
(expanding) 

I 5 .255±2.078 59,000±2,000 World-wide 
IIa 2.57 1 ±  1 .362 29,000±3,000 West Africa 
lIb 2.585±1 .569 29,000±3,000 West Africa 
III 4.457±2. 1 99 50,000±2,000 Africa 
IV 1 .80 1 ± 1 .39 1  20,000±2,000 West Africa 
V 3 . 1 88± 1 .570 36,000±4,000 Africa 
Isolated (VI) 9 . 1 34±3.493 1 03,000±5,000 Africa 

Estimated expansion dates (assuming expanding populations), to the nearest l OOO 'years, based 
on the archaeological dating of the recolonization of Alaska, at the end of the Younger Dryas, 
with 1 transition/22,500 years. Cluster-VI has not undergone an expansion event. 
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4.236 
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4.242 
2 . 1 3 7  

1 .80 1  
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1 .570 

9. 1 34 
3 .493 

FIgure 16 Pairwise distribution of Clusters I-VI 

2.883 

3 .672 

1 .435 

6.343 

The pairwise distance distributions, with the horizontal axis representing the number of 
transitions between pairs and the vertical axis represents the percentage (%) of pairs. Note 
Cluster-II shows bimodality indicating dual clusters as i l lustrated in Figure 1 3 .  The mean, 
standard deviation and 't when appl icable, are included for each cluster. t is calculated from 

Rogers ( 1 995) t= m - (..jv - m ) . 
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6.4.4 Geographical Origin of Clusters 

Table 28 Expansion times of clusters in different geographical regions 

I II III IV V VI 
East 5 .378±0.290 3 .527±0.453 3 .3 82±0.379 8 .835±1 .087 

Africa 6 1 ±3 40±5 3 8±4 1 00± 1 2  
Central 1 .267±0.40 1 5 .637±0.985 
Africa 1 4±5 63± 1 1 
West 4.868±0.29 1 4.236±0.232 4. 1 90±0.2 1 2  1 . 80 1 ±0.2 1 0 1 . 800±0.52 1 6.000± 1 .040 

Africa 55±3 48±3 47±2 20±2 20±6 68± 12  
South 3.099±0.6 1 2  
Africa 3 S±7 

The upper value In each cel l IS the mean paIrwIse dIstance ± the standard error of the mean. 
The lower value is the estimated date of the expansion (kya) ± the standard error of the mean. 
Not all sources of error are known. The standard error is not an appropriate statistic to apply to 
non-independent categories but is used as a guide to the variabil ity in the distributions. The 
dates are in thousands of years and are rounded to the nearest thousand years. The shaded cells 
either have no representatives from that cluster or a smal l sample size « 5) .  

6.5 Discussion 

Network methods prove very applicable to intraspecific data from HVR-I sequences. Network 

identify clusters which are shown to have distinct histories. The Africa ethnic groups (with the 

exception of the ! Kung) are composite of these different clusters. The results indicate that for 

genetic studies, especially mitochondrial, that a traditional population based approach is not 

sufficient. Most African ethnic groups do not share a common history within the group but are 

rather composites of different clusters (Table 26). These groups share clusters w ith other 

ethnic groups, often over a wide geographical and cultural distances. 

6.5.1 Expansion Events 

Most cal ibrations are based on the 1 3  mi l l ion year old separation of Orang-utans from apes and 

humans. For th is paper the internal transition based cal ibration of Forster et al. (in prep. ) was 

used. In Africa there is evidence of several expansion events. The early expansion event in 

Cluster-I occurred in East Africa or the Middle East approximately 60 kya and expanded 

westwards. In West Africa there was an expansion of C luster-III at SOkya which later 

expanded to East Africa and may have been associated with the expansion of Cluster-V 40kya. 

In West Africa 30kya, there was an expansion of the twin clusters IIa and lib, and 20 kya there 

were further expansions of Cluster-IV and v. 

Using RFLP and sequence information in mtDNA, Harpending et al. ( 1 993) observed 

expansions in Africa 80 kya and in Europe 40 kya, with a world-wide average of 50 kya. With 
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pairwise distributions, Sherry et al. ( 1 994) proposed a world-wide expansion approximately 40 

kya, associated with the M iddle Palaeol ithiclUpper Palaeol ithic boundary. This interpretation 

is not phylogenetically based, and as is seen in Africa, a lot of valuable information is lost 

when reducing the analysis to pairwise distances only. Assuming the population or group 

investigated shared a common history, th is method would be appropriate. Instead however, 

each group/population is a composite of mitochondrial types with very different origins and 

histories. 

6.5.2 Explanation of Expansions 

The explanation of expansion events is difficult to determine, but may have been multifactorial . 

There are two types of hypothesis, cl imate change and biological change, including cultural 

change. C limate was proposed by (Rogers and Jorde, 1 995) based on the evidence that Eastern 

Chimpanzees (Pan troglodytes schweinfurthii) underwent an expansion at the same time as 

humans (50 kya). Cl imate was probably not involved in the expansion of Cluster-I ,  as other 

African l ineages did not undergo an expansion at the same time. Possibly there was a 

h itchhiker effect, where a m itochondrial type was associated with a behavioural, biological, or 

technological advance, which gave a group a selective advantage. A tightly l inked positive 

mutation undergoing a selective sweep is unl ikely, while although most non-African 

populations have a Cluster-I type, in Africa Cluster-I constitutes about a quarter of the mtDNA 

sequences involved in this study. The later expansions may have been associated with a ripple 

effect, whereby an expanding group absorbed or transferred technology to a neighbouring 

group, causing the previously constant s ized population to also expand. There are examples of 

geographic neighbours simultaneously expanding; C lusters III and V in East Africa c. 40kya; 

C lusters IIa and lIb in West Africa c. 30kya; and c lusters IV and V in West Africa c. 20kya. 
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Figure 1 7  Schematic representation of relationships and expansions of the clusters. 
Circles indicate a demographic expansion event and concentric circles indicate a continuation 
of the expansion. Expansion in this context means demographic expansion, although in some 
cases was associated with a geographic expansion . 1 00 kya there were isolated types including 
some of the progenitors of the clusters which later underwent expansion. 60kya Cluster-I 
underwent an expansion event in the East Africa or the Middle East. SOkya Cluster-III 
underwent an expansion in West Africa and expanded eastwards. 40kya Cluster-III arrived in 
East Africa and during th is time Cluster-V underwent an expansion event and expanded 
westwards. 30kya Cluster-IIa and IIb derivatives from C luster-I underwent an expansion event. 
20kya there were further expansion events in West Africa affecting Clusters IV and V. The 
Isolated (VI) types remained unaffected by expansion events. 
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6.5.3 Geographical Origin of Cluster-I 

Outside Africa, C luster-I is the expansion cluster from which other non-African l ineages are 

derived (Excoffier et al. 1 992). Within Africa, C luster-I exists at high frequency in the groups 

associated with this survey (30-74%), and at a lower frequency (2-33%) in the Southern 

African populations (Soodyall, 1 993). 

To determine whether C luster-I expanded in Africa or in the Middle East, the diversity of 

C luster-I in the various regions can be determined. Cluster-I in Africa has a mean pairwise 

distance of 5.2 1 5  (East Africa 5 .378±0.2900 and West Africa 4.868±0.29 1 3) and in the Middle 

East (Di Rienzo and Wilson, 1 99 1 )  a mean pairwise distance of 5.685±0.2800. These mean 

distances correspond to an expansion date of around 60kya. The order of expansion can not be 

establ ished as the errors associated with the calculation are not known. However, the Middle 

East is a possibil ity for geographic origin. Geneflow may have been substantial between the 

Middle East and Africa. In historical times there may have been a significant amount of 

immigration from Middle Eastern groups; many African ethnic groups claim some Middle 

Eastern origin. However, Cluster-I is derived from African l ineages which supports an African 

origin. Therefore C luster-I probably originated in Africa, but may have expanded in the 

Middle East. 

6.5.4 Summary 

Detailed network analysis identifies five clusters which have undergone expansion events. 

Fourteen percent of the African sequences do not fit into these clusters. Generally these 

sequences are highly d ivergent from each other, accounting for the high mitochondrial diversity 

observed in Africa. 

Cluster-I expanded first around 60kya in the Middle East or Africa. The cause of this 

expansion is not known. Although it occurred in only one l ineage, it is unl ikely to have been 

associated with a selective sweep, because it achieved only partial success in Africa. The 

initial expansion requires more information as to the cause. The other clusters expanded later 

and often simultaneously, suggesting a cultural innovation was causal to their expansions. 
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7 .  TREES FROM LANGUAGES AND GENES ARE VERY SIMILAR 

7.1 Abstract 

Tree diagrams have been used to represent relationships between both human populations and 

languages but only recently have the trees been compared (Figure 1 8) and the claim made "of 

considerable paral lelism between genetic and linguistic evolution" (Caval l i -Sforza et al. 

1 988:6002). However in rejecting this claim it was pointed out (O'Grady et al. 1 989) that the 

original study did not have an objective measure to support their conclusion of high simi larity. 

But the lack of an objective measure invalidates the denial (O'Grady et al. 1 989) just as much 

as it inval idates the claim that the trees are simi lar (Caval l i-Sforza et al. 1 988; 1 989). The 

original work has recently been supported by computer simulation to estimate the probabi l ity of 

finding such agreement between the gene and language trees. Tree comparison metrics are 

perhaps a more natural way of comparing trees quantitatively and we have recently extended 

knowledge of such metrics (Steel and Penny, 1 993). We report here that an objective tree 

comparison measure can resolve the issue of the similarity of the gene and language trees from 

Caval l i-Sforza et al. ( 1 988) showing that they are indeed far more simi lar than expected by 
chance. 

7.2 I ntroduction 

Several tree comparison metrics are available (Wil l iams and Cl ifford, 1 97 1 ;  Robinson and 

Foulds, 1 98 1 ;  Penny and Hendy, 1 985;  Day, 1 986; Swofford, 1 99 1 )  though a l imitation has 

been that their properties and distributions are poorly known. Recent progress (Steel and 

Penny, 1 993) al lows the question to be reconsidered. We have used the path difference metric 

to measure the similarity between the gene and language trees and can now report that the 

simi larity between the trees is very highly significant. 
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7.3 Methods 
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Figure 18 The two unrooted trees 

from Cavalli-Sforza et ale (1988) 

with TI the genetics tree and T 2 the 
language tree. T2 has some s light 
differences from that in Caval l i-Sforza et al. 
( 1 988) to make it fol low more closely the 
data in Ruhlen ( 1 987) thus allowing the 
trees to be considered more independent. 
The changes are to link; Sardin ian and 
European (Ruhlen, 1 987:294); and Iranian 
and Indian (Ruhlen, 1 987:293); rather than 
have a four-way spl it. In  addition, Mbuti 
pygmies are included as a Bantu language 
which may wel l  be a language displacement 
(Ruhlen, 1 987:292). These changes have 
l ittle effect on the path difference metric 
because they are local (Steel and Penny, 
1993) .  If the European groups are separated 
that were combined in the original (Caval l i­
Sforza et al. 1 988) then the trees would be 
even more simi lar. The path length metric 
is i l lustrated by dotted l ines showing the 
paths between one pair of (taxa 4 and 8) 
which have the largest difference in lengths. 
Labels: ( I )  Mbuti, (2) W. Africa, (3) Bantu, 
(4) N i lo-Saharan, (5) San, (6) Ethiopian, (7) 
Berber, (8) S .  W. Asia, (9) Iranian, ( 1 0) 

European, ( 1 1 )  Sardinian, ( 1 2) Indian, ( 1 3) Dravidian, ( 1 4) Lapp, ( 1 5) Ural ic, ( 1 6) Mongol, 
( 1 7) Tibetan, ( 1 8) Korean, ( 1 9) Japanese, (20) Ainu, (2 1 )  N. Turkic, (22) Eskimo, (23) 
Chukchi, (24) S .  Amerind, (25) C.  Amerind, (26) N.  Amerind, (27) Na-Dene, (28) S .  
Chinese, (29) Mon Khmer, (30) Thai, (3 1 )  Indonesian, (32) Malaysian, ( 33 )  Fi l ipino, (34) 
Polynesian, (35) Micronesian, (36) Melanesian, (37) New Guinean, (38) Australian. 
(Additional details are in Caval l i-Sforza et al. 1 988) .  

The fol lowing reasons were considered in selecting a path difference metric. The trees are 

compared as unrooted trees (Penny et al. 1 992) and each edge had the same weighting. 

Problems considered in selecting the tree comparison metric were ( 1 )  that the underlying 

topologies (unlabeled trees (Penny et al. 1 992» differ, with the genetics tree being almost ful ly 

resolved and the l inguistic tree much less resolved, and (2) as pointed out by the original 

authors (Caval l i-Sforza et al. 1 988, 1 992), some groups show " language displacement" where 

some groups adopt another language and so appear at a different place on the language tree. 

The partition metric (Robinson and Foulds, 1 98 1 )  was therefore not used as it is particularly 

sensitive to a taxon being shifted on the tree (Penny and Hendy, 1 985) and its properties are not 

so useful for non binary trees (Steel, 1 988). Nevertheless the partition metric found three 
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internal edges (six sim i larities) between the two trees, and this alone would be h ighly 

significant (Penny and Hendy, 1 985). 

The path difference metric is the square root of "f,(Pi,j-Qi.j)2, where Pi,) and Qi.j are the path 

lengths between pairs of taxa i and j on the trees T 1 and T2 respectively (Penny and Hendy, 

1 985). The sum is over all pairs i and). The metric measures the Eucl idean distance between 

the path lengths for al l  pairs of taxa (populations or languages) on each tree. The dotted l ines 

in F ig. I show the paths between the pair of taxa 4 and 8, which have the largest difference in 
lengths. 

7.4 Results 

Evaluating the path length difference metric for the language and genetic trees gives the value 

1 26.02 (a zero value would mean the trees are identical). For th is metric the distribution is only 

known when al l binary trees are equally l ikely and so Monte Carlo simulation was used to 

estimate how frequently two trees with 38  taxa and with the same underlying topologies 

(unlabeled trees, Penny et al. 1 992) would be at least as simi lar by chance. Al l  taxa were 

randomly repositioned on each tree 1 07 times and we found only 1 26 cases where the metric 

was this value or less. Our conclusion is unambiguous - the two trees are indeed far more 

simi lar than expected by chance. There is about one chance in 1 00,000 that such simi lar trees 

would be found, given that the trees differ in resolution (number of internal branches). 

7.5 Discussion 

The present results do not explain why the trees are similar; this has been discussed by Cavall i­

Sforza et al. ( 1 988, 1 992). We are interested here on ly in the factual question of whether two 

trees are more simi lar than expected by chance. With both data sets the trees are 

approximations to a more complex set of relationships. With languages there can be transfer of 

words as wel l  as language displacement. With populations there is interbreeding and genetic 

amalgamation (Ward et al. 1 99 1 ). However with both sets of data this largely occurs between 

contiguous groups and a tree is sti l l  a useful representation for both data sets. 

The high similarity of the language and genetic trees appears to place some constraints on the 

timing of human evolution and therefore may help i l luminate current controversies (for 

example, Hedges et al. 1 992). The results are consistent with early Homo sapiens having 

language capabil ities (Foley, 1 99 1 ;  Corbal lis, 1 992), rather than language having developed 

only very recently (Noble and Davidson, 1 99 1 ). It seems unl ikely that the trees would be so 
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similar if language developed after the separation of early human groups. Nor would the 

results support a continuity between al l  Homo erectus and Homo sapiens populations without 

languages having developed very early. 

Tree comparison metrics have the potential to be useful in phylogenetic studies in that they 

readily al low quantitative answers to specified questions. We have reported some of their 

applications in testing evolutionary hypotheses and measuring rates of convergence to a single 

tree as longer sequences are used (Penny et al. 1 99 1 ). A current l imitation is their restricted 

availabi l ity in standard computer packages. But then because they are not used very often, 

there is l ittle incentive to provide them in packages ! 
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8. DISCUSSION 

This thesis presents a range of subjects focusing on human genetic h istory in Africa as wel l  as 

addressing issues of African ethnicity and human evolution. This discussion wi l l  synthesise 

results and conclusions from the previous sections. Areas which need further investigation wi l l  

be discussed and questions wi l l  be proposed which need to be addressed in the future. 

The Multiregional and Out of Africa hypotheses do have testable hypotheses. The mtDNA data 

supports an Out of Africa scenario, however, the data and analysis have l imitations. It is 

critical that the cal ibration of the clock is correct and that the world has been sampled 

extensively, both of which are not certainties. It is also important to acknowledge that human 

origins and evolution are probably a result of multifactorial processes, superimposed on one 

another and that one hypothesis may best summarise the evolution of humans, but other 

processes may be acting and be expressed in different data sets such as the palaeontological 
record. 

8.1  Patterns with in Africa 

8.1 . 1  Economy, Language and Geography 

Hypotheses regarding African ethnicity and the relationship of genetics, economy, language, 

and geography were tested. Ethnic groups appear to be a composite of mtDNA elements, 

relating to the geographic area they l ive, the language they speak and the economic mode that 
sustains them. 

Two phenomena are observed with the African HVR-J sequences. Firstly, mtDNA l ineages 

are shared across the categories of economy, language phyla and geographic regions. 

Secondly, the Hudson test does detect structure based on these boundaries, i .e. there is more 

sequence identity within the categories of economy, language and geography; than would be 

expected by chance. 

8.1 .2 Ethnicity 

Pult et al. ( 1 994) noted the high proportion of shared l ineages between European populations 

compared with the lack of shared l ineages in African populations (the Yoruba, ! Kung and the 

Pygmy). The !Kung and Pygmy populations, however, are not representative of Africa as a 
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whole. The African populations studied in this thesis share l ineages with each other despite 

often large geographical distances « 5,700km). 

The composite nature of mtDNA types found within African ethnic groups is consistent with 

the concept that groups are a product of fission-fusion population dynamics. Sequences within 

an ethnic group do not share a common mtDNA ancestor unique to the group. The sequences 

instead represent different aspects of the groups history, including the geograph ical location of 

the group, which language they speak and the l ifestyle they lead, each factor has contributed 

cultural ly to the group and genetically to the mtDNA genepool of the group. Impl icitly w ith 

the mosaic distribution of both economy and language in Africa (see Map 1), strong 

regionalism would not be expected. The l inguistic phyla are approximately 1 2,500 years old 

(Blench, 1993), and economic patterns are even younger, and both these factors appear to be 

superimposed on the mitochondrial types specific to the geographic region. The pattern is  

further complicated by recent admixture as shown in th is survey, of which 5% of the 

individuals had parents with different ethnic backgrounds (see p. 2 1 6). All individuals 

identified with the paternal ethnic group. 

8.1 .3 Migrations and Expansions within Africa 

Based on mitochondrial l ineage frequencies and diversity it is possible to determine a putative 

geographical origin and an expansion date for each mitochondrial cluster. The median 

Networks method (Section 6) identifies different elements within populations (clusters), and by 

determining a gradient of the frequency and diversity of the elements, it is possible to 

hypothese the geographic origin of each cluster. 

Most African groups (except the ! Kung and Pygmy populations (see Section 6) have Cluster-I 

which is the central l ineage for a l l  world populations (Excoffier et al. 1 992). The low level of 

d iversity in humans as compared to other species has been interpreted as representing a severe 

population reduction, but th is lack of diversity can be accounted for by a phenomenal 

expansion a population with one cluster. This result is supported by the nuclear study (Tishkoff 

et al. 1 996) whereby non-African individuals (and North East Africans) have the Alu deletion 

associated with a single STRP allele, whereas Africans have the Alu deletion associated w ith 

many STRP al le les, supporting a recent origin of non-Africans. 

In  Africa several major population expansions occurred: the first at approximately 60 kya 

which was associated with the expansion of Cluster-I, th is expansion had a East African/ 

Middle Eastern focus. Several other expansions fol lowed occurring approximately 50, 40, 30  
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and 20 kya, each with a East or West African focus. The explanation of Cluster-I 's expansion 

is not known, a selective sweep is unl ikely as only 25% of African mtDNA are of that type. It 

may have been associated with a climatic change although no other mitochondrial type 

underwent expansion. Possible explanations include the Cluster-I type hitchhiking with a 

nuclear mutation or cultural innovation. Hitchhiking is defined as the process whereby an 

allele at one locus has a selective advantage, an allele associated with it with l ittle or no 

selection may increase in frequency as a result (Kojima and Schaffer 1 967; cited in Hedrik 

1985 :p.354). In this thesis the term hitchhiking is expanded to include indirect l inkage with a 

nuclear locus (epistatic) or with a cultural innovation. The later expansions of the other cluster 

appear to be culturally induced as they had a geograph ic focus and usual ly included more than 

one c luster. 

Some African groups have as much diversity as the rest of the world combined for instance the 

Turkana of East Africa. The common ancestor of one ethnic group such as the Turkana may be 

over 1 00,000 years old (see 4.6.6). This due to the high diversity of Cluster VI l ineages as wel l  

as each ethnic group consisting of a composite of different genetic elements each with their 

own, origin and expansion event (see Table 26) 

• • • 

Figure 19 Schematic diagram of the relationships of the Turkana sequences 
The 37 Turkana sequences are i l lustrated as dots. Cluster-VI is most divergent group and V 
and I & III have undergone expansion events. With the addition of the two West African 
clusters (II and IV) th is diagram would be representative of the World. The most recent 
common ancestor of the Turkana may in fact be the most recent common ancestor for Homo 
sapiens sapiens. 



1 28 

8.2 Patterns withi n  the World 

8.2.1 Divers ity 

Africa has the h ighest diversity of all the continents in most genetic systems studied. The only 

apparent exception are the results from allozyme studies, which are not designed to detect al l  

polymorphisms (Stoneking, 1 994). Selection for polymorphism in these studies was based 

primarily on European populations. Hence results from classical enzymes wi l l  be disregarded 

and the focus wi l l  be on explanations for the high diversity in Africa. 

Many authors have interpreted the high African genetic diversity as indicating the geographical 

origin of modem humans. This is the simplest explanation but other explanations should be 

considered. D iversity could also be indicative of h igh effective population size or accelerated 

substitution rate and these alternatives were addressed in Section 5 .  Substitution rates were 

tested by independently comparing African and non-African sequences with different 

outgroups, the m itochondrial DNA nuclear insert (Zischler et al. 1 996) and a chimpanzee Pan 

troglodytes (Morin et al. 1 994). No variation in rate was observed. Therefore differential rates 

were eliminated leaving the older age of the African population (i .e. centre of origin of species) 

or the h igher population size of the African population, as the explanation for h igh diversity. 

The definition of effective population size includes the age and size of the population. Eurasia 

may have had a lower population size due to population crashes associated with glaciation 

events. Even during the ful l  extent of glaciation there would have been large areas which 

would have been able to sustain relatively large populations. The dominance of Cluster-I and 

its derivatives outside Africa, suggests that population crashes is not a feasible explanation on 

its own. Eurasia was presumably a diverse widespread population. If it underwent a 

population crash there would have been several refugia. Stochastically each refugia would 

comprise of different sequences and therefore it would be expected that most variabi l ity would 

be maintained in Eurasia as a whole (see Figure 2 1 ). By a process of e l imination an African 

origin for modem humans is the best supported interpretation as to the high diversity within 

Africa. 

8.2.2 One M itochondrial Type Founded the Rest of the World 

C luster-I (corresponds to the RFLP group 1 -2) has been identified as the central haplotype of 

different world populations (Excoffier et al. 1 992). Almost all l ineages outside Africa are from 

C luster-l or its derivatives, while within Africa Cluster-I accounts for only 25% of the 
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sequences studied (see Section 6). Linkage disequilibrium analysis of the CD4 locus also 

indicates that the populations outside Africa experienced a founder effect (Tishkoff et al. 1 996), 

whereby there was an expansion of one genetic element. 

8.2.3 Bottlenecks and Expansions 

The relatively low level of mtDNA diversity observed in human populations can be interpreted in 

several ways . Jorde et al. 's ( 1995) comparison of nuclear and mtDNA markers indicated 

different ratios of the depths of the African lineages to the rest of the world's (with the mtDNA 

lineages being relatively deeper). One explanation is that there may have been a bottleneck which 

would effect the mtDNA diversity (due to its lower effective population size) more severely than 

the nuclear genepool. These results may be consistent with Africa maintaining most of its 

diversity due to stable or expanding populations, while Eurasia underwent one or more 

bottlenecks. This would explain a significant loss of mitochondrial diversity outside Africa . 

However even if there was a severe bottleneck (due to a population crash) in Eurasia one would 

expect that the population was geographically widespread and therefore most of the diversity 

would have been maintained as discussed in 8 . 2 . 1 .  Australia and some parts of Asia are not 

extensively sampled; therefore some of these conclusions may change with more sequence 

information. Extensive modelling needs to be done to test effects of a bottleneck on the diversity 

of a large geographical range such as Eurasia. 
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Figure 20 Scenarios for lower mtDNA diversity observed outside of Africa 
Black illustrates sequences from the African continent and red from sequences outside Africa. 
The diameter of these structures represents diversity. At different time intervals a cross section is 
shown, illustrated as Venn diagrams. The Bottleneck scenario is presented as being consistent 
with the Multiregional Hypothesis. 
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Various scenarios can explain the patterns of  diversity and phylogenetic relationsh ips between 

the continents. Although a population crash, perhaps associated with successive glaciation 

events could lower the diversity outside Africa (see Figure 2 1 ), while Africa maintained its 

population size and therefore its diversity. Results from the Network analysis (see Section 

6 .5 . 1 )  indicate that a population crash outside Africa is implausible, due to the demographic 

success of one mtDNA lineage outside Africa, is implausible for presumably there would be 

several refugia during the glaciations and the refugia would be unl ikely to all have the same 

l ineage. This does acknowledge that there may have been a population crash outside of Africa, 

but not that the population crash is the on ly explanation for low diversity. 

Early distribution of Homo Population crash in the Population growth and 

sapiens temperate zones, possibly expansion. 

due to a 

Figure 21 Possible Model of Population crashes in Eurasia 
Loss in mtDNA diversity outside Africa may be accounted for by severe population crashes, 
possibly caused by glaciation events. The refugia populations could expand and recolonise in 
the interstadials. At the local level, it may be possible to have reduced diversity, but when 
observing Eurasia as a whole, most diversity should be retained, thus contradicting this model .  

8.2.4 MtDNA Survival and Selection 

Avise et al. ( 1 984) demonstrated that by stochastic mechanisms in a population of constant size 

l ineage extinction would occur. If n is the number of females, a population of constant size 

would take on average 4n generations until all descendants would trace back to a single founder 

female. The date of mitochondrial Eve does not necessarily equate with the origin of Homo 

sapiens sapiens. The date of mitochondrial Eve could be earlier or later than the date of the 

first palaeontological modern humans, depending on population dynamics (see Figure 22). It 

must be emphasised that the history of the mtqNA molecule may not necessarily equate with 

the history of humans as a species. 
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Figure 22 Mitochondrial Eve and Anatomically Modern Humans 
Mitochondrial Eve (indicated with a dot) may be earl ier or later than the date of anatomically 
modem humans. In a population which is gradual ly growing (top i l lustration), or a large 
constant population ( i .e .  not having experienced bottlenecks) the most recent common ancestor 
may precede the emergence of the species. In a population which maintains a smal l constant 
size over a long period of time (bottom i l lustration) or a population which has undergone a 
population reduction (i .e. having experienced bottlenecks) the most recent common ancestor 
may be younger than the emergence of a species. Recent selective sweeps would also to make 
the date of the mitochondrial Eve more recent (not i l lustrated). 

Selection is a process whereby a allele has an advantageous mutation which improves its 

chance of survival, and therefore becomes more frequent in a population. Sometimes other 

al leles and neutral al leles which are associated with the gene under selection, also become more 

frequent in a population, th is process is termed genetic hitchhiking. This process can be due to 

l inkage or some other factor. The process where the allele which is under positive selection 

pressure and all l inked al leles becomes frequent in a population is termed selective sweep. For 

this discussion directly linked hitchhiking will refer to the tight l inkage of a neutral allele to a 

mitochondrial gene under selection, and indirectly linked hitchhiking wil l  refer to a more 



1 32 

flexible association of the neutral allele to a nuclear gene under positive selection (this is also 

defined as epistatic interaction) or association of a neutral al lele to a favourable cultural trait 

such as more sophisticated tools. Success of a mitochondrial type may also be due to a chance 

event such as the dominant m itochondrial type in a founder group. 

Linked h itchhiking is associated with non-recombining genomes, or parts of genomes, for 

example, mitochondrial DNA, the non-recombining part of the V-chromosome, or genes that 

are very close to the gene under positive selection pressure. There are a wide spectrum of 

degenerative diseases ( including bl indness, movement disorder, dementia, stroke, heart disease, 

renal fai lure, and diabetes) associated with mtDNA (Wal lace 1 995). These diseases are caused 

by missense mutations (affecting the polypeptide sequence) and protein synthesis mutations 

(affecting the tRNAs and rRNAs) (Wal lace 1 995). As mtDNA is involved with metabolism it 

is feasible to expect a favourable mutation could convey a selective advantage to the individual 

and therefore any neutral substitutions associated with it. Directly l inked hitchhiking, in this 

case a favourable mutation anywhere in the mtDNA genome, could favour neutral 

mitochondrial types l inked with it. There is no evidence, however, of metabolic superiority of 

individuals with the Cluster-I l ineage as Cluster-I which accounts for almost all mtDNA 

sequences outside Africa, accounts for only one quarter within Africa. Another possibi lity is an 

early selective sweep which accounts for all mitochondrial types observed today in modern 

humans. This theory has been proposed by S. Easteal (pers. comm. ). The early selective sweep 

is proposed on the apparent anomaly of the mitochondrial and nuclear genetic record (Jorde et 

al. 1 995). The selective sweep began in Africa gradually spreading throughout Africa and then 

expanded into the rest of the world, suggesting the success of the Cluster-I may be due to its 

geographical location . 

Unlinked hitchhiking seems more plausible. Indirectly l inked hitchhiking is similar to a 

directly l inked hitchhiking in the sense that neutral substitutions are l inked with a positive 

mutation, although in this case not directly l inked. A mitochondrial type may be associated 

with a favourable mutation in the nuclear genome. The favourable mutation would not be 

l inked to a specific mitochondrial type, due to maternal only inheritance and recombination 

events, but this may explain the in itial success of one l ineage. 

Another alternative is if a mitochondrial type was frequent in a population which innovated a 

technological advance. A new technology would allow the population to expand and may give 

them a selective advantage over other populations. Some variation of the hitchhiker effect is 

the most real istic way to explain the world-wide success of the l ineage associated with Cluster­

I (RFLP type 1 -2), without completely replacing other types within Africa. Another possibi l ity 
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for the success of Cluster-I may have been due to the geographic location enabl ing that type to 

be in the position to colonise the rest of the world. 

The early selective sweep of mtDNA does not influence the results of Section 6, however, it 

would change the interpretation of the origins of humans, in that it could support a 

Multiregional hypothesis. This theory requires further investigation. 

8.3 Human Evolution 

8.3.1 Fossil Record 

Genetical ly there is evidence supporting the Out of Africa hypothesis (Gibbons, 1 995), 

however, at the palaeontological level there appears to be conflicting interpretations. Stringer 

and Brauer ( 1 994) state that there is agreement with the Out of Africa hypothesis and the fossil 

record. Whereas the opposing Multiregional hypothesis is supported by other palaeontologists 

(Wolpoff, 1 989; Frayer and Wolpoff, 1 993 ; Frayer et al. 1 994; Frayer, 1 994). 

Homo sapiens 

There is evidence for early humans or archaic humans in Asia, between 200,000 and 300,000 

BP (Wu and Brauer 1 993 ; Tiemei et al. 1 994). Brauer argues the archaic Chinese (dated 

between 300,000-400,000 BP) are closer to modern Africans. According to almost all 

calibrations these dates are older than the out of Africa expansion proposed by geneticists. 

Discussions regarding the out of Africa hypothesis generally do not acknowledge this 

information. This information suggests; according to the standard interpretation of out of 

Africa; not only did modern humans replace Homo erectus but also archaic modern humans 

Homo sapiens. The cal ibration of the molecular clock may be conservative, in which case, the 

above dates may fit in with the expansion out of Africa. Therefore the out of Africa expansion 

would have been archaic humans Homo sapiens rather than modern Homo sapiens sapiens. 

Stringer ( 1 992) compared archaic forms with modern forms from Africa and Eurasia and found 

the African archaic was "narrowly" favoured over the East Asian archaic as being closer to 

modern humans. This information suggests that there was an early expansion out of Africa of 

Homo sapiens, although there may had been some degree of regional continuity between 

archaic and modern humans. 
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Homo erectus 

A Homo erectus mandible found in East Georgia (Caucasus) has been reliably dated from 1 .6 

to 1 .8 Mya (Gabunia and Vekua, 1995). Some of the Asian Homo erectus dates have been 

suggested to be 1 . 1  Mya for the Lantian Gongwangling crania from China (An and Ho, 1 989; 

cited in Gabunia and Vekua, 1 995) and 1 .8 Mya and 1 .7 Mya for Homo erectus from 

Mojokerto and Sangiran sites respectively (Swisher et al. 1 994). These dates places the age of 

the last common ancestor of modem humans, as proposed by the Multiregional hypothesis, as 

greater than one mi l l ion years 

Multiple waves Reconcile the Multiregional with the Out of Africa Hypotheses 

The genetic and palaeontological record may support both the Multiregional and Out of Africa 

hypotheses. There may have been several expansions out of Africa, with each wave almost 

completely replacing the earlier hominid. This cou ld explain the persistence of some 

phenotypic features, and the existence of a few mtONA outliers. 

The early dates of archaic human outside Africa suggest that there were at least three and 

possibly four, hominid expansions out of Africa, all which replaced or almost completely 

replaced the previous inhabitants. The first expansion would be Homo erectus ( 1 .6- 1 .8 m i l l ion 

years ago) fol lowed by archaic Homo sapiens (200,000-300,000 years ago) fol lowed later by an 

expansion of modern human Homo sapiens sapiens (within the last 1 00,000 years). In addition 

mtONA sequences suggest there was a fourth expansion out of Africa. Evidence for this is the 

presence of a few individuals outside of Africa with sequences from C luster-VI, (7 Europeans I 

and 1 Australian (Vigilant et al. 1 991  » ;  C luster-IV ( 1  European), C luster-III (2 Sardinians and 

3 Middle Easterners (Oi Rienzo and Wilson, 1 99 I » .  This could represent an early expansion 

out of Africa of Homo sapiens sapiens. The estimated dates of the separations of these clusters 

(see Section 6) preceded the Homo sapiens fossils. If the calibration was incorrect then some 

of these outlying sequences could be from a Homo sapiens expansion. 

Africa may have been a hominid epicentre, generating more technologically or biological ly 

advanced hominids. Such an interpretation leads to further questions which need to be 

answered. Was there geneflow between these different hominids? Were these hominids out­

competed by humans with advanced technologies or superior mental capacities, or were they 

v ictims of more active aggression? Were the hominids susceptible to diseases the new humans 
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brought with them? Would further genetic surveying yield further outliers (i .e. belonging to 

Cluster-VI) in Eurasia, or perhaps sequences distinct enough to be Homo erectus? 

Some palaeontologists see degrees of regional continuity in human populations (Thome and 

Wolpoff, 1 992) in Asia, Australia and Europe but others see no evidence for this (Stringer and 

Brauer, 1 994). Nei ( 1 995) discusses the regional characteristics proposed to support the 

Multiregional hypothesis and discusses them in context with the genetic results. Proponents of 

the Multiregional hypothesis claim features such as shovel shaped incisors in East Asians, 

prominent brow ridges in Austral ians, large noses in Europeans, and other traits have 

demonstrated regional continuity through the fossil record (Thome and Wolpoff, 1 992). Most 

genetic evidence suggests that gene flow (if it was not complete replacement) must have been 

quite extensive. The Multiregional hypothesis predicts there was substantial multidirectional 

gene flow, whereas Out of Africa predicts substantial geneflow in one direction. With the 

postulated h igh levels of geneflow, it would have been unl ikely, although not impossible, to 

maintain some regional features. These features i l lustrating regional continuity could be an 

adaption to the environment or merely due to chance. It should be noted that there is very l ittle 

mtDNA information from Australia; and East Asia is not extensively surveyed. More detailed 

studies of these popUlations are required to ful ly evaluate the genetic support for the Out of 

Africa and Multiregional hypotheses. 
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Figure 23 Model of different expansions out of Africa and their contribution to 

today's mtDNA genepool 

Variables 

Percentage of x = 95% 
modern gene pool y = 95% 

z = 95% 
Homo erectus 0.0 1 25 
Homo sapiens 0.2375 
Homo sapiens sapiens I 4.7500 
Homo sapiens sapiens II 95.0000 

x = O% 
y = 90% 
z = 95% 

0.5000 
0.0000 
4.5000 

95 .0000 

This model assumes interbreeding 
between the various hominid species, 
therefore al lowing for some continuity 
of traits as presented by the proponents 
of the Multiregional hypothesis. 
Assuming that the mtDNA types can be 
distinguished between the various 
hominid groups th is  could be tested with 
more mitochondrial data. The various 
variables may be specific to different 
regions. 

To reconcile palaeontological information there are several explanations: the archaic humans 

along with Homo erectus were outcompeted; or their contribution to the genepool is not 

detectable due to a rapid influx of modern genes; or the cal ibration of the molecular clock is 

incorrect (see 8 .3 .4); or Asia, Austral ia and New Guinea have not been sampled extensively 

enough . 
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8.3.2 Europe 

The debate of the origin of modern humans cannot be pursued without addressing the question 

of the European/Middle Eastern Neanderthal Homo sapiens neanderthalensis, or Homo erectus 

neanderthalensis. There is palaeontological evidence that they l ived in Europe and the Middle 

East from 300,000-30,000 BP. There are three popular hypotheses regarding the origins of the 

Neanderthals and their relationship to the modern humans (Wenke, 1 990), representing three 

points on a continuum. 

1 .  The Neanderthals were the direct ancestor to Homo sapiens sapiens. This is supported by 

the fact that there is a gap in the fossi l record between 45,000-25,000 BP, in which period 

proponents c laim that Neanderthals evolved into Homo sapiens sapiens. Thorne and 

Wolpoff ( 1 992) state that characteristics such as a big nose and bony bridge on mandibular 

nerve canal, have persisted through the Upper Palaeol ithic to recent times. 

2 .  The Neanderthals were cold special ists, most probably from Homo sapiens stock. The 

arrival of the cognitively and/or technologically superior Homo sapiens sapiens in Europe 

placed the Neanderthal under severe selection pressure, where they were either absorbed or 

displaced. Zubrow ( 1 989; cited in Brauer, 1989) demonstrated with demographic model l ing 

that a small  demographic advantage by modern humans would have been sufficient to result 

in a extinction of the Neanderthals in the course of only a thousand years. This is 

contradicted by the evidence that Neanderthals had a lower mortal ity rate than humans 

during the Pleistocene (Wenke, 1 990). 

3 .  The Neanderthals were a distinct Homo erectus l ineage which is now extinct. When 

Stringer ( 1 992) compared archaic forms with modern forms from Africa and Eurasia, the 

Neanderthal group were distinctive. This theory impl ies there was no interbreeding between 

Neanderthals and modern humans. 

There is evidence that Neanderthals and modern humans overlapped spatially and temporally in 

the Middle East. The Qafzeh site in Israel shows early evidence of modern human occupation, 

dated by thermoluminescence at 92,000 years BP. Neanderthals found in Kebara (Israel), have 

been dated at 60,000 BP (Val ladas et al. 1988; cited in Stringer, 1988). The Neanderthals and 

modern humans may not have been l iving as neighbours, rather alternating habitat according to 

cl imatic fluctuations. There would have been opportunity to interbreed, and some 

palaeontologists claim there is evidence of hybrids (Brauer, 1 982, 1 984, Vandermeesch, 

1 985:p. 1 95, c ited in Brauer and Rimbach, 1 990). This information argues against regional 

continuity as humans preceded Neanderthal occupation in the Middle East. Questions arise 
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from this. Why did the humans not move into Europe? Were the Neanderthals so establ ished, 

or did it take a technological advance in modern humans to colonise Europe (Stringer, 1 988). 

Early Neanderthals were in Europe at least 300,000 years ago and therefore one would expect 

the Neanderthal mtDNA to reflect this early separation from the human l ine. Assuming that 

the molecule clock is correctly calibrated there is no evidence of mtDNA sequences in Europe 

which could have separated so early. The large survey of European HVR-I sequences 

presented by M. Richards (pers. comm.) show only eight outliers from a very monomorphic 

genetic pool of over 600 individuals. These European outl iers have sequences close to or 

identical to Africans. The distance from these outl iers to the Anderson reference sequence (the 

most common sequence in Europe), is about six substitutions. These sequences probably 

represent more recent migrations. 

8.3.3 Asia and Austral ia 

Although mtDNA has been surveyed in some parts of Asia, there are crucial regions and 

populations which have yet to be sequenced. Populations from the Andaman and Nicobar 

Islands, as wel l  as the Semang of Malaysia and the Aeta of the Phi l ippines, are termed 

"Oceanic Negritos", exhibiting African phenotypic traits (Cavall i-Sforza et al. 1 994: p.349). 

These groups are not shown to be genetical ly distinct based on al lozyme information (Caval l i­

Sforza et al. 1 994:p.234), however, should be investigated mitochondrial ly. Affiliation with 

Africans could be tested with the analysis of the HpaI position 3592. Presence of the HpaI s ite 

(thymine in position 3594) would warrant further detailed investigation . 

Anthropologists have suggested three (Birdsel l  1 977) migrations into Austral ia although 

Thorne ( 1 98 1 )  suggests that two populations were already present in the Pleistocene. The 

earliest dates for human fossils in Australia are estimated at 60,000BP (Roberts et al. 1 990; 

cited Cavalli-Sforza et al. 1 994: p.344), although the Multiregional proponents Thorne and 

Wolpoff ( 1 992); c ited Caval l i-Sforza e/ al. 1 994: p.349) have suggested the robust remains 

from Kow swamp, and two other skulls are descendants of Homo erectus. 

MtDNA RFLP analysis showed Austral ian and New Guinean groups have lower 

heterozygosities (Engels, 1 98 1  cited Stoneking and Wi lson, 1 989) and a higher frequencies of 

private polymorphism (Whittam et al. 1 986 cited Stoneking and Wilson 1 989) than Europeans, 

Africans and Asians respectively. The RFLP analysis on Papuans with populations from the 

rest of the world showed 1 4  clusters of Papuans scattered throughout the tree, although the 

topology of the tree showed a group of exclus ively Africans one side of the root (Stoneking et 
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al. 1 986). Despite these in itial results further investigation should continue. C luster-VI is 

present in at least one Austral ian Aboriginal individual number 49 from Vigi lant et al. ( 199 1 ). 

C luster-VI is the most diverse group of al l the clusters and its presence in Austral ia suggests an 

early migration out of Africa of Homo sapiens sapiens. Initial results from the HVR-I show the 

Australian Aboriginals to have relatively divergent DNA (D. Betty pers. comm. ). 

8.3.4 Dating/Calibration 

Precise dating is critical to resolve many issues of human origin and evolution. Although some 

attempts to determine the coalescence time of human mtDNA are based on intraspecific 

cal ibration (Stoneking et al. 1 992; Forster et al. in prep. ), most studies that have attempted to 

calibrate the molecular clock, are based on the date of 1 3  m i l l ion years ago for the orang-utan 

spl it from the other great apes. This date has its own error-value that is usual ly not taken into 

account when cal ibrating. 

The dates for most recent common ancestor for modern humans are surprisingly consistent 

from 1 1 7,000-280,000 years ago (without a 95% confidence interval) (G ibbons, 1 995). These 

dates are generated from diverse datasets including: RFLP, control region, COIl and the entire 

genome from the mtDNA (Horai et al. 1 995); protein polymorph isms (Nei  and Roychoudhury, 

1 993); and microsatel l ites (Bowcock et al. 1 99 1 a). 

If the calibrations are slower by an order of magnitude, instead of observing modem human 

genetic variation, one may be observing Homo erectus variat ion. The out of Africa hypothesis 

would be referring to expansion of Homo erectus, rather than Homo sapiens sapiens out of 

Africa. The wide geographic spread of Homo erectus would ensure (based on the assumptions 

presented in Figure 2 1 )  the most recent common ancestor for modern humans would predate 

the movement of Homo erectus out of Africa. If the dating supported a common mitochondrial 

ancestor one mi l l ion years old, then the Multiregional hypothesis would be consistent with the 

mitochondrial record. This is unl ikely, if the cal ibration are slower by an order of magnitude, 

then the divergence dates of the great apes would become unreal istic. Based on these 

assumptions there is no evidence in the mtDNA genetic record for Homo erectus. 

If the calibration was slower by a half, then the out of Africa expansion may have been Homo 

sapiens, rather than Homo sapiens sapiens. This would be consistent with the palaeontological 

information regarding the presence of Homo sapiens out of Africa 300,000 years ago and 

would not require another replacement event. According to this calibration there would have 
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been two expansions out of Africa Homo erectus and Homo sapiens in which Homo sapiens 

transformed into modern humans in a manner simi lar to the Multiregional ists hypothesise. 

The possibility must be entertained that the calibration was fast and therefore the dates are 

earlier than those hypothesised by the proponents of Out of Africa. Under this scenario the 

expansion event may correlate dates of the modern tools. 

More data wil l  be needed to establ ish weights for positions within the control region and a 

better understanding for the mechanisms behind the substitutions within the HVR-I, adding to 

the accuracy of calibration. 

8.3.5 Phylogeny 

Phylogenetic arguments can be used to approach the origins of modern humans. Penny et al. 

( 1 995) demonstrated that a group of forty-nine exclusively Africans (from Vigilant et al. ' s 

( 1 99 1 )  survey) lay closest to the root of the modern human tree. The results from the median 

network method indicate that Cluster-I is a derivative of African specific clusters. As C luster-I 

is the central c luster (Excoffier et al. 1 992) of almost al l non-Africans, th is indicates that 

Africa was the geographical origin for modern human mtDNA. 

8.4 Futu re Directions 

8.4.1 HVR-I 

There are stil l  many questions to be addressed with these data. The published HVR-I sequences 

now exceed 2,000 and with the discovery of HVR-I fragments inserted in the nuclear genome 

(Zischler et al. 1 995) as wel 1  as great ape HVR-I sequences being avai lable (e.g. Morin et al. 

1 994; Horai et al. 1 995), one can begin to build up a stringent model of the evolutionary 

processes involved in th is  region. A better understanding of the process acting in th is region 

can refine the cal ibration. Also sequences from unsampled or poorly sampled regions such as 

Austral ia may provide data that wil l  settle the Multiregional versus Out of Africa debate. 

8.4.2 Middle Eastern Contribution to the African genepool 

The original question of this thesis concerning the origins of the pastoral ists, could not be 

resolved using mtDNA data. There is some genetic evidence supporting a Middle Eastern 

contribution (see 6.5.3) in African groups. Cluster-I exists in higher frequencies in the 

pastoralists (4 1 %) as opposed to the agriculturists (20%) in West and East Africa, although 
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geography may be influencing these figures. Also phenotypically, l inguistically and culturally 

there are affi l iations between the pastoralists of Africa and the Middle East. In their oral 

tradition, almost all pastoral groups surveyed suggest a Middle Eastern origin, though some of 

these groups are Moslem and may seek such an origin. It is possible that there would be more 

Middle Eastern contribution to the genepool from males. This is an interesting question to 

address, with reference populations from the Middle East and Africa. To approach the question 

of male contribution, microsatel l ite loci on the non recombining part of the Y chromosome 

should be examined. 

The practice of relying on cattle as a basis of economy is a relatively recent phenomenon in 

African History (see Section 2.8.5). Dan Bradley's group have investigated African cattle in 

detai l and have seen that, mitochondrially, they are of the relatively homogeneous Bos taurus 

type, irrespective of phenotype (Bos indicus or Bos taurus (MacHugh et al. in prep.). In terms 

of nuclear markers there is a strong cl ine from east to west of Zebu types Bos indicus, also 

irrespective of the phenotype. In terms of Y markers all cattle irrespective of phenotype have 

the Bos indicus type (Bradley et al. 1 994, MacHugh et al. in prep. ). This supports introgression 

of the Bos indicus type through the male l ine. 

In some African pastoral groups, the young men travel with the male animals large distances in 

search of grazing. The Fulbe of Mal i, for instance, travel 1 000 km to Mauritania and back each 

year. The large distances travel led by male animals may account for the pattern of 

introgression of the Zebu type of Y chromosome in Africa. The milk cows and calves stay 

close to the v i l lages with the women, chi ldren and older people. Simpl istical ly, one may 

predict a sim ilar pattern of Y introgression for humans. The introgression in humans (as in the 

cattle) would be a relatively recent phenomenon. It would be interesting to look at the groups 

involved in th is mtDNA study and with reference Middle Eastern groups to determine the 

amount of introgression of Middle Eastern Y types. Prel iminary work showed high diversity in 

the Y -chromosome of the African samples (data not shown). 

To investigate further relationships within Africa and Africa's relationship to the rest of the 

world, it would be useful to look at several microsatel l ite loci for l inkage analysis, such as 

demonstrated by Bowcock et al. ( 1 994), or to undertake a l inkage study simi lar to Tishkoff et 

al. ( 1 996). However, while there are many microsatel l ite loci avai lable for study, the mutation 

mechanisms are poorly understood, so dating based on microsatel l ite data are sti l l  not rel iable 

(Nei, 1 995). 
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8.5 Conclusion 

This thesis primarily examined HVR-I data with respect to the hypotheses concerning African 

diversity and human origins. The African mtDNA dataset was enhanced by the addition of 

East and West African sequences, providing a diverse sample geographical ly, l inguistical ly and 

culturally. MtDNA has proved to be highly informative in the study of the evolution and 

dispersal of Homo sapiens sapiens. The combination of pairwise distances comparisons, 

phylogenetic trees, and median networks, al lows much more information to be extracted from 

the sequences than any single technique by itself. 

The median networks method identified clusters with in Africa. The expansion event of the 

c lusters could be dated and the geographic origin of the cluster could be determined by the 

frequency and diversity of these clusters in different geographical areas. 

The mtDNA sequences within an Africa ethnic group are comprised of a composite of clusters. 

The composite nature i l lustrates, together with the observation of recent adm ixture, that each 

ethnic group does not have a un ique common ancestor to the group. Rather the data is 

consistent with a fission fusion process which has given rise to today's ethnic groups. C lusters 

specific to geographic origin and language group contribute to the diverse m itochondrial nature 

of an ethnic group. Treating ethnic groups as a single entity, such as a taxa on a phylogenetic 

tree, is not an appropriate way to represent the history of a group. In addition to this the 

regional differentiation which is observed within Africa argues against treating Africa as a 

genetically homogenous unit. 

Africa has a higher m itochondrial diversity than has been previously reported, which is 

exemplified by the East African group the Turkana. The Turkana have a higher diversity than 

V igilant et al. ( 1 98 1 )  dataset, which includes Africans. 

Both the mitochondrial sequence information and CD4 locus support an African origin for 

modern humans. There is no evidence that Homo erectus has contributed to the genepool 

outside of Africa, assuming that the cal ibrations used are of the right magnitude. However, 

earlier Homo sapiens expansions out of Africa may have contributed to today's genepool, as 

suggested by the presence of a Cluster-VI group in Australia. What we may be observing if the 

calibrations are two times faster, is evidence of the Homo sapiens (known as archaic humans) 

as contributing to the modern day genepool .  The regional continuity as  observed by some 

palaeontologists, may be consistent with the mtDNA data, although the degree of replacement 

appears high (>95%). W ith th is amount of replacement one would predict the earlier phenetic 

traits to be too di luted to be evident. 
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Future work on existing HVR-I sequences should al low more detailed understanding of the 

substitution patterns in th is region, refining the cal ibration. Also additional sequences from 

specific Asian, as wel l  as a detailed survey of Australian populations may provide further 

insight into the early m igrations of humans. 

Complex models need to be developed that test various scenarios extending the Out of Africa 

and Multiregional scenarios. These could al low for se lective sweeps, multiple expansion 

events and population declines. It is important to acknowledge that not one event accounted for 

the distribution of the world's mitochondrial types, but that it was probably a multifactorial 

process. The Out of Africa hypothesis may best summarise the evolution of humans, but other 

processes may be acting and be expressed in different data sets such as the palaeontological 

record. 

To fol low this project from the inspiration, research, design, travel, sample collection, 

laboratory work and analysis - and to discover that the key to humanness l ies in Africa - is a 

journey home in itself. 
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Somewhere the Sky touches the Earth, 

and the name of that place is the End 

-a Kamba saying (Lindblom, 1 920) 
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1 0. ApPENDICES 

1 0.1 I nformation regarding the Use of Samples Collected in this 

Survey 

Samples remain indefinitely under the guardianship of myself (Elizabeth Watson) and written 

permission must be sought for any studies which wish to use them . Requests can be directed to 

Elizabeth Watson c/- Massey University Ethics Committee, Massey University, 

Palmerston North, New Zealand. The samples were col lected with the understanding that 

they wil l  not be used for medical studies. 
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1 0.2 Ethnolog ical I nformation for a l l  I n d ividuals Sam pled 

This is the information col lected for the individuals who participated in the survey. Empty 

spaces are where information was not avai lable. The country of col lection as wel l as country of 

origin of the individual is recorded. As this study concentrates on mtDNA, the individuals are 

coded according to their maternal l ine. 

Key to following pages 

The first row of each individual ' s  entry records the ethnic affi l iation of the individual and 

parents and grandparents. The second row records the Town of Birth. The third row indicates 

the Province of Birth. 

The columns are titled at the of each page. Maternal is abbreviated M. and Paternal P .. 

Country indicates in which country the sample was col lected. 

Code corresponds to the number of the tube in which blood was col lected. The first letter 

represents the Country of Birth on the maternal l ine, and the second letter the ethnic group 

within that country (see Table below). 

Code Country Population Code Country Population 
BF Burkina Faso Fulbe MS Mali Songhai 
CF Cameroun Fulbe MT Mali Tuareg 
EA Ethiopia Anuak N? Nigeria Misc. 
EB Ethiopia Borana NF Nigeria Fulbe 
ED Ethiopia Dinka NH Nigeria Hausa 
EN Ethiopia Nuer NI N igeria Igbo 
EZ Ethiopia Somali  NK Nigeria Kanuri 
GH Ghana Hausa NS Nigeria Shuwa 
KB Kenya Borana NT Nigeria Yoruba 
KC Kenya Sakuye NY Nigeria Yoruba 
KG Kenya Gabbra RB Niger Bozo 
KJ Kenya Kalenj in RD Niger Djerma 
KK Kenya Kikuyu RF Niger Fulbe 
KL Kenya Luo RH Niger Hausa 
KM Kenya Maasai RK Niger Kanuri 
KR Kenya Rendil le RL Niger Bel la 
KS Kenya Samburu RS Niger Songhai 
KT Kenya Turkana RT Niger Tuareg 
KU Kenya Gusii SN Sudan Nuer 
KY Kenya Luhyia YF Benin Fulbe 
KZ Kenya Somal i ZB Somalia Borana 
MF Mali Fulbe ZZ Somalia Somal i 
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individual M. Grandmother Father P. Grandfather Country 

1 0 .2 . 1 Anuak 
361 EA Nuer Nuer Anuak Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Provo of lIubabor lIubabor lIubabor lIubabor lIubabor 

1 0 .2 .2 Babur 
714 NU Babur Babur Babur Babur Babur Nigeria 

Town of Birth Maiduguri Biu Biu Biu Biu 
Province Borno Bomo Bomo Bomo Borno 

727 NU Babur Babur Babur Babur Babur Nigeria 

Town of Birth Bui Wajaffa Wajaffa Wajaffa Wajaffa 
Province Bomo Borno Borno Bomo Bomo 

735 NU Babur Babur Babur Babur Babur Nigeria 

Town of Birth Biu Biu Bui Beteri Bui 
Province Borno Borno Bomo Bauchi Borno 

1 0 . 2 . 3  Baribar 
871 NB Bariba Bariba Bariba Bariba Bariba Nigeria 

Town of Birth Ilesa lIesa lIesa l Iesa l ies a 
Province Kwara Kwara Kwara Kwara Kwara 

875 NB Baribar Baribar Baribar Baribar Baribar Nigeria 

Town of Birth Saki Gbane Gbane 
Province Oyo Kwara Kwara Benin Benin 

1 0 . 2 .4 Bella 
266 RL Bella Bella Bella Bella Bella Niger 

Town of Birth Balleyara Balleyara Balleyara Balleyara Akama 
Province Filingue Filingue Filingue Filingue Filingue 

1 0 . 2 . 5  Borana 
96 EB Borana Borana Borana Borana Borana Kenya 

Town of Birth Damballa Nagelle 
Province Marsabit Ethiopia Ethiopia Ethiopia Ethiopia 

1 26 ZB Borana Borana Borana Borana Borana Kenya 

Town of Birth Kitale Islo Nairobi Islo 
Province Somalia Somalia Somalia 

1 74 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Garba Tulia Sericho Moyale Moyale Wajir 
Province Isiolo Isiolo Marsabit Marsabit Wajir 

1 76 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Merti Wajir Moyale Sololo 
Province Isiolo Wajir Moyale Ethiopia 

21 0 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Malkagala Sericho Gutatu Siribde Marti 
Province Isiolo Isiolo Isiolo Isiolo Isiolo 

21 7 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Garfasa Moyore Merti Marsabit 
Province Isiolo Isiolo Isiolo Marsabit 
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Code individual Mother M. Grandmother Father P. Grandfather Count!} 

224 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Mega Moyale Moyale Bubisa Bubisa 
Province Ethiopia Marsabit Marsabit Marsabit Marsabit 

227 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Isiolo Sericho 
Province Isiolo Isiolo 

230 KB Borana Borana Borana Borana Borana Kenya 

Town of Birth Kina Sercho Sericho Moyale Moyale 
Province Isiolo Isiolo Isiolo Moyale Moyale 

239 KB Somali Borana Borana Somali Somali Kenya 

Town of Birth Isiolo Merti Merti Wajir Wajir 
Province Isiolo Isiolo Isiolo Wajir Wajir 

240 EB Borana Borana Borana Borana Borana Kenya 

Town of Birth Bulesa 
Province Isiolo Ethiopia Ethiopia Ethiopia Ethiopia 

1 0.2 .6 Bukusu 
32 K? Bukusu Bukusu Bukusu Bukusu Luhyia Kenya 

Town of Birth Ugenya 
Province Siaya Busia Busia Busia Busia 

1 0 .2 .7  Dinka 
374 ED Nuer Nuer Dinka Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Jlubabor Jlubabor Jlubabor Jlubabor Jlubabor 

382 ED Dinka Dinka Dinka Dinka Dinka Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Jlubabor lIubabor lIubabor J lubabor lIubabor 

1 0.2 .8  Fulbe 
257 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Filingue Abala Abala Saudine Saudine 
Province Filingue Filingue Filingue Filingue Filingue 

326 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Okutu Okutu Okutu 
Province Kwara Kwara Kwara 

327 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Kontagora Sokoto Sokoto Sokoto Sokoto 
Province Sokoto Sokoto Sokoto Sokoto 

328 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Gbabe Sokoto Sokoto Sokoto Sokoto 
Province Kwara Sokoto Sokoto Sokoto Sokoto 

329 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Bode Sadu 
Province Kwara Sokoto Sokoto Sokoto Sokoto 

330 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Kaduna 
Province Kaduna Sokoto Sokoto Sokoto Sokoto 

331 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
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Code individual Mother M. Grandmother Father P. Grandfather CountrY 
Province Kwara Kwara Kwara Kwara Kwara 

332 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Kwara Kwara Kwara Kwara Kwara 

333 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Kwara Kwara Kwara Kwara Kwara 

334 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Oya Oya Oya Oya Oya 

336 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

337 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

338 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Saki Saki Saki Saki Saki 
Province Oya Oya Oya Oya Oya 

341 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Kana Kana Kana Kana Kana 

342 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Saki Saki Saki Saki Saki 
Province Oya Oya Oya Oya Oya 

343 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Kana Kana Kana Kana Kana 

344 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Katsina Katsina Katsina Katsina Katsina 

345 N F  Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Kana Kana Kana Kana Kana 

346 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

347 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

348 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

349 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sakata Sakata Sakata Sakata Sakata 

435 RF Sanghai Fulbe Fulbe Sanghai Sanghai Niger 
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Code individual Mother M. Grandmother Father P. G randfather Countrl 

Town of Birth Niamey Tillaberi Tillaberi Sicasso Sicasso 
Province 

437 BF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Niamey Dou Samai Dou Dou 
Province 

441 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Assani Assani Assani Assani Assani 
Province 

442 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Boboye Boboye Boboye Bibiye Boboye 
Province 

444 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Saguia Saguia Saguia Saguia Saguia 
Province 

445 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 

Town of Birth Saguia Saguia Saguia Saguia Saguia 
Province 

446 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 
Town of Birth Kirkissoye Doleo Kirkissoye Kirkissoye Karague 
Province 

448 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 
Town of Birth Dessa Dessa Dessa Dessa Dessa 
Province 

456 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 
Town of Birth Baribe Badawal Badawa; Barbe Barbe 
Province 

457 RF Fulbe Fulbe Fulbe Fulbe Fulbe Niger 
Town of Birth Jangere Baoulede Baoulede Jangere Jangere 
Province 

527 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Mabera 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

531 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Gwarayo Gwarayo Gwarayo Lugu Lugu 
Province 

544 NF Hausa Hausa Fulbe Hausa Hausa Nigeria 
Town of Birth Sokoto Kamba Kamba Sokoto Gusau 
Province Sokoto Kebbi Kebbi Sokoto Sokoto 

553 BF Fulbe Fulbe Fulbe Fulbe Fulbe N igeria 
Town of Birth Sakka Sakka Seba Seba Seba 
Province Burkina Faso Burkina Faso Burkina Faso Burkina Faso 

591 NF Hausa Fulbe Fulbe Hausa Hausa Nigeria 
Town of Birth Bunza Masama Masama Dono Vabo Dono Vabo 
Province 

597 NF Hausa Fulbe Fulbe Hausa Hausa Nigeria 
Town of Birth Bakura Kano Kano Bakura Bakura 
Province Kano Kano 
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598 NF Hausa Fulbe Fulbe Hausa Hausa Nigeria 

Town of Birth Tambuwal Tambuwal Tambuwal Kamba Kamba 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

7 1 0  NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Adamawa Cameroun Cameroun Adamawa Gongola 

7 1 8  NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Kwara Kwara Kwara Kwara Kwara 

7 1 9  NF Fulbe Fulbe Fulbe Fulbe Fulani Nigeria 

Town of Birth 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

722 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Bargodo Bargodo Bargodo Bargodo Bargodo 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

723 YF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth lIorin Nikki Nikki Nikki Nikki 
Province Kwara Benin Benin Benin Benin 

724 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Katsina Katsina Katsina Katsina Katsina 

725 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Katsina Katsina Katsina Katsina Katsina 

726 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Bauchi 
Province Bauchi 

728 CF Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Garwa Garwa Garwa 
Province Cameroun Cameroun Cameroun 

737 N F  Kanuri Fulbe Fulbe Kanuri Kanuri Nigeria 
Town of Birth Maiduguri Geidan Geidan Maiduguri Maiduguri 
Province Borno Borno Borno 

738 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Bauchi 
Province Baushi Bauchi Bauchi Bauchi Bauchi 

746 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Anka 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

747 N F  Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

854 N F  Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Madigala Madigala Madigala Madigala Madigala 
Province Adamawa Adamawa Adamawa Adamawa Adamawa 

855 N F  Fulbe Fulbe Fulbe Kanuri Kanuri Nigeria 
Town of Birth Madagali Madagali Madagali Madagali Madagali 
Province Adamawa Adamawa Adamawa Adamawa Adamawa 
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856 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Kunini Kunini Kunini Kunini Kunini 
Province Adamawa Adamawa Adamawa Adamawa Adamawa 

866 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

869 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Saki Saki l Iesa 
Province Oyo Oyo Kwara 

870 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

872 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 

Town of Birth Kiyoma Barkay Barkay Kaima Wawa 
Province Kwara Kwara Kwara Kwara Kwara 

873 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Hasat Ladi Sumano Ladi 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

874 NF Fulbe Fulbe Fulbe Fulbe Fulbe Nigeria 
Town of Birth Yaweri Bargudu Bargudu Bargudu Bargudu 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

1 0 . 2 . 9  Gusii 
1 48 KU Gusii Gusii Gusii Gusii Gusii Kenya 

Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 49 KU Gusii Gusii Gusii Gusii Gusii Kenya 
Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 53 KU Gusii Gusii Gusii Gusii Gisii Kenya 
Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 57 KU Gusii Gusii Gusii Gusii Gusii Kenya 
Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 62 KU Gusii Gusii Gusii Gusii Gusii Kenya 
Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 66 KU Gusii Gusii Gusii Gusii Gusii Kenya 
Town of Birth 
Province Kisii Kisii Kisii Kisii Kisii 

1 0 . 2 . 1 0  Hausa 
255 RH Hausa Hausa Hausa Hausa Arab Niger 

Town of Birth Keita Tchedia Tchedia Baguay Egypt 
Province Tahoua Tahoua Tahoua Tahoua 

256 RH Hausa Hausa Hausa Hausa Hausa Niger 
Town of Birth Tounfalis Chikal Chikal Tounfalis Tounfalis 
Province Filingue Filingue Filingue Filingue Filingue 
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258 RH Songhai Hausa Hausa Songhai Sonhai Niger 

Town of Birth Tabla Tabla Chikal Sangario Sangario 
Province Filingue Filingue Filingue Filingue Filingue 

259 RH Hausa Hausa Hausa Hausa Hausa Niger 

Town of Birth Gaffati Magaria Magaria Zinder Zinder 
Province Mirriah Mirriah Mirriah Simi Sirni 

260 NH Hausa Hausa Hausa Hausa Hausa Niger 

Town of Birth Toudou Filingue Tounfalis Filingue Garka 
Province Filingue Filingue Filingue Filingue Filingue 

261 RH Hausa Hausa Hausa Hausa Hausa Niger 

Town of Birth Kwakare Kany Filingue Filingue Filingue 
Province Filingue Filingue Filingue Filingue Filingue 

335 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth 
Province Jos Kano Kana Kano Kano 

340 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Saki Kano Kana Sokoto Sokoto 
Province Oyo Kano Kana Sakato Sokoto 

425 RH Hausa Hausa Hausa Hausa Hausa Niger 

Town of Birth Natameye Natameye Natameye Natameye Natameye 
Province 

429 RH Hausa Hausa Hausa Hausa Hausa Niger 

Town of Birth Niamey Tibini Natankau Natankau Natankau 
Province 

439 RH Hausa Hausa Hausa Hausa Hausa Niger 
Town of Birth Kelemi Ayaware Ayaware Kelemi Kelemi 
Province 

440 RH Hausa Hausa Hausa Hausa Hausa Niger 
Town of Birth Kelemi Kelemi Laway Kelemi Kelemi 
Province 

528 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Aljima Aljima Aljima Aljima Aljima 
Province 

529 NH Hausa Hausa Hausa Hausa Hausa Nigeria 
Town of Birth Namoda Namoda 
Province Sokota Sokoto Sokota 

530 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sirnin Kebb Sirnin Kebbi Sirnin Kebbi Sirnin Kebbi Sirnin Kebbi 
Province Sokota Sokoto Sokata Sokato Sokoto 

532 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sakaba Zuru Zuru 
Province 

533 NH Hausa Hausa Hausa Hausa Hausa Nigeria 
Town of Birth Koko Koka Koko Koko 
Province Kaduna 

534 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Tangaza Tangaza Tangaza Tangaza 
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Province Sokoto 

535 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Arkilla Kutar Atiku Marina Marina Gobirawa 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

536 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth 1110 Baguda 1110 Baguda 1110 Baguda 1110 Baguda 1110 Baguda 
Province 

537 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Bungudu Bungudu Bungudu Bungudu Bungudu 
Province 

538 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Achida Kwabare Kwabare Achida Achida 
Province 

539 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Anka Anka Anka Anka Anka 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

540 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Jega Jega Jega Jega Jega 
Province 

543 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Kontogora Kontogora Kontogora Kontogora Kontogora 
Province Niger Niger niger Niger Niger 

550 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sokoto 
Province Sokoto Kano Kano Kano Kano 

551 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth 
Province Katsina Katsina Katsina Katsina Katsina 

552 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Zaria Zaria Zaria Zaria Zaria 
Province Kaduna Kaduna Kaduna Kaduna Kaduna 

554 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Bagudo Bagudo Bagudo Mungadi Mungadi 
Province Kebbi Kebbi Kebbi 

555 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Gando Anka Gando Anka Gando Anka Gando Anka Gando Anka 
Province 

592 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Minna Minna Minna Minna Minna 
Province Niger Niger Niger Niger Niger 

593 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth 
Province Kaduna Jos Jos Kaduna Kaduna 

594 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sokoto Denge Denge Durbawa Durbawa 
Province Sokoto Sokoto Sokoto 

595 NH Hausa Hausa Hausa Hausa Hausa Nigeria 
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Town of Birth Sokoto Gumi Gumi Sokoto Sokoto 
Province Sokoto Sokoto Sokoto 

596 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sakobe Shuri 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

599 N H  Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Lagos Rabah Rabah Azara Azara 
Province Sokoto Sokoto Kano Kano 

651 N H  Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Lagos Lagos Wurno Wurno Wurno 
Province Sokoto Sokoto Sokoto 

652 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sabon Birni Marina Kofar Atiku Kofar Atiku Kofar Atiku 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

713 NH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Birnin Kebb Birnin Kebbi Bimin Kebbi Bimin Kebbi Birnin Kebbi 
Province Sokoto Sokoto Sokoto Sokoto Sokoto 

721 GH Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Sokode Sokode Sokode Sokode Sokode 
Province Ghana Ghana Ghana Ghana Ghana 

851 N H  Hausa Hausa Hausa Hausa Hausa Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Borno Borno Borno Borno Bomo 

853 NF Hausa Hausa Hausa Hausa Hausa Nigeria 
Town of Birth Maiduguri Babaniya Babaniya Kali 
Province Borno 

858 N H  Hausa Hausa Hausa Hausa Hausa Nigeria 
Town of Birth 
Province Kano Kano Kano Kano Kano 

1 0.2 . 1 1 H iggi  
703 NF Higgi Higgi Higgi Higgi Higgi Nigeria 

Town of Birth Michika Michika Michika Michika Michika 
Province 

1 0.2. 1 2  I bibio 
705 NF Ibibio Ibibio Ibibio Ibibio Ibibio Nigeria 

Town of Birth 
Province Akwa Ibom Akwa Ibom Akwa Ibom Akwa Ibom Akwa Ibom 

1 0 .2 . 1 3  Idoma 
708 NF Idoma Idoma Idoma Idoma Idoma Nigeria 

Town of Birth 
Province Benue Benue Benue Benue Benue 

1 0 .2 . 1 4  Igbo 
702 NI  Igbo Igbo Igbo Igbo Igbo Nigeria 

Town of Birth Abia Owerri Owerri Owerri Owerri 
Province Abia Abia Abia Abia Abia 

704 N I  Igbo Igbo Igbo Igbo Igbo Nigeria 
Town of Birth 
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Province Ananbra Anambra Anambra Anambra Anambra 

729 NI Igbo Igbo Igbo Igbo Igbo N igeria 

Town of Birth Achina Achina Achina 
Province Anambra Anambra Anambra 

1 0 .2 . 1 5  Junkun 
71 5 NF Hausa Junkun Junkun Hausa Hausa N igeria 

Town of Birth Ara Ara Ara Ara Ara 
Province Katsina Katsina Katsina Katsina Katsina 

1 0. 2 . 1 6  Kalenj in 
1 33 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 

Town of Birth Kartonjo Kartijin Baringo Kartonjo 
Province Baringo Baringo Baringo Baringo Baringo 

1 44 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 
Town of Birth 
Province Kericho Kericho Kericho Kericho Kericho 

1 51 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 
Town of Birth 
Province Kericho Kericho Kericho Kericho Kericho 

1 54 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 
Town of Birth 
Province Kericho Kericho Kericho Kericho Kericho 

1 61 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 
Town of Birth 
Province Baringo Baringo Baringo Baringo Baringo 

1 67 KJ Kalenjin Kalenjin Kalenjin Kalenjin Kalenjin Kenya 
Town of Birth 
Province Baringo Baringo Baringo Baringo Baringo 

1 0 .2 . 1 7  Kanuri 
262 RK Kanuri Kanuri Kanuri Kanuri Kanuri Niger 

Town of Birth Bimi Kazoe Gadori Birni Kazoe Zinder Zinder 
Province Goue Goue Goue Birni Birni 

706 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 
Town of Birth 
Province Borno Borno Borno Borno Borno 

707 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 
Town of Birth Oamboa Oamboa Oamboa Oamboa Oamboa 
Province 

71 2 NK Shuwa Kanuri Kanuri Shuwa Shuwa Nigeria 
Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Borno Borno Borno Borno Borno 

731 NK Kanuri Kanuri Kanuri Kanuri Kanuri N igeria 
Town of Birth Maiduguri Kanduga Kanduga Kanduga 
Province Borno Borno Borno Yobe Borno 

852 NK Kanuri Kanuri Kanuri Kanuri Kanuri N igeria 
Town of Birth Maiduguri Kodaga Maiduguri Oamaturu Maiduguri 
Province Borno Borno Yobe Borno 
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857 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 

Province Bomo Bomo Bomo Bomo Bomo 

859 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Dabuwa Dabuwa Dabuwa Dabuwa 
Province Bomo Bomo Bomo Bomo Bomo 

861 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Bomo Bomo Bomo Bomo Borno 

862 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Damboa Damboa Damboa Damboa Damboa 
Province Bomo Bomo Borno Borno Borno 

863 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Damboa Kukawa Kukawa Kukawa 
Province Bomo Bomo Borno Bomo Borno 

864 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Bomo Borno Bomo Bomo Borno 

865 N K  Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Bomo Bomo Borno Borno Borno 

867 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Manguno Manguno Manguno Manguno Manguno 
Province Bomo Bomo Bomo Borno Borno 

868 NK Kanuri Kanuri Kanuri Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Maiduguri Maiduguri Maiduguri Maiduguri 
Province Borno Borno Borno Borno Borno 

1 0 .2 . 1 8  Kikuyu 
27 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Nakuru Kiambu Kiambu Murang'a Murang'a 

34 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Kiambu Kiambu Kiambu Kiambu Kiambu 

66 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Murang'a Murang'a Murang'a Murang'a Murang'a 

68 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Kiambu Kiambu Kiambu Kiambu Kiambu 

94 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth Uasingishu Uasingishu Uasingishu Kiambu Kiambu 
Province Eldoret Eldoret Kiambu Kiambu Kiambu 

97 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Murang'a Murang'a Murang'a Murang'a Murang'a 

98 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
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Town of Birth Meru Nanyuki Meru Nyeri Nyeri 
Province Meru Lakipia Meru Nyeri Nyeri 

1 1 5  KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Kiambu Kiambu Kiambu Kiambu Kiambu 

1 36 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Kiambu Nakuru 

1 38 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nakuru Kiambu Kiambu 

1 39 KK Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nakuru 

1 40 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth Surai Surai Surai Surai Surai 
Province 

1 41 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nakuru Nakuru Kiambu Nakuru Kiambu 

1 42 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nakuru Kiambu 

1 50 KK Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province 

1 55 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nakuru Nakuru Nakuru Nakuru Nakuru 

1 56 KK Swahili Kikuyu Kikuyu Swahili Swahili Kenya 
Town of Birth 
Province Mombasa Nyeri 

1 65 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Kiambu Kiambu Kiambu Kiambu Kiambu 

1 69 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth Machakos Embu Embu 
Province Embu Embu Murang'a Murang'a 

1 70 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth Kerugoya Kerugoya Kerugoya Kerugoya Kerugoya 
Province Embu Embu Embu Embu Embu 

1 72 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Murang'a Murang'a Murang'a Murang'a Murang'a 

565 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 
Town of Birth 
Province Nyeri Nyeri Nyeri Nyeri Nyeri 
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566 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Nyeri Nyeri Nyeri Nyeri Nyeri 

568 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth 
Province Nakuru Kitale Kitale Kiambu Kiambu 

572 KK Kikuyu Kikuyu Kikuyu Kikuyu Kikuyu Kenya 

Town of Birth Molo Molo Molo Molo Kiambu 
Province Nakuru Nakuru Nakuru Nakuru Kiambu 

1 0 .2 . 1 9  Luhyia 
24 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Kakamega Lubao Lubao Lukusi Lukusi 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

28 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Kakmega Isuka Isuka Ikolomani Ikolomani 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

29 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Emuhaya Emuhaya Emuhaya Emuhaya Emuhaya 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

30 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Butere 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

35 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

42 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Kakamega Kakamega Maragoli Kakamega 
Province Kakamega Kakamega Kakamega Kakamega 

67 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 
Town of Birth 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

69 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

70 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 
Town of Birth 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

72 KY Luo Luhyia Luhyia Luhyia Luhyia Kenya 
Town of Birth Seme Emuhaya 
Province Kisumu Kakamega Kakamega Kakamega Kakamega 

1 1 9 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 
Town of Birth Kitale Kitale Kitale Kitale Kitale 
Province Trans Nzoia Trans Nzoia Trans Nzoia Trans Nzoia Trans Nzoia 

1 21 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 
Town of Birth Nairobi 
Province Siaya Siaya Kakamega Kakamega 

1 25 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 
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Town of Birth 
Province Bungoma Bungoma Bungoma Bungoma Bungoma 

1 34 KY Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Bungoma Busia Busia Bungoma 

1 37 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Kakamega Kakamega Kakamega Kakamega Kakamega 

1 43 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Kakamega Kakamega Kisumu Kakamega Kakamega 

1 58 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth Samia 
Province Busia Busia Busia Busia Busia 

1 59 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Nandi Kakamega Kakamega Kakamega Kakamega 

1 60 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Busia Busia Busia Busia Busia 

1 63 KY Luhyia Luhyia Luhyia Luhyia Luhyia Kenya 

Town of Birth 
Province Kakamega Kakamega Kakamega Kisumu Kakamega 

1 0 .2 .20 Luo 
20 KL Luo Luo Luo Luo Kenya 

Town of Birth Kisumu Seme 
Province Kisumu Kisumu Kisumu Kisumu 

21 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Seme Seme Seme 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

22 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kano Nyahera Nyahera Kano Kakmir 
Province Kisumu Kisumu Kisumu Turkana Kisumu 

23 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Ugenya Ugenya Ugenya Ugenya 
Province Siaya Siaya Siaya Siaya 

25 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kisumu Kajulu Kajulu 
Province Kisumu South Nyanza Kisumu Kisumu Tanzania 

26 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Gembe Jula Kamrere 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

31 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Homa bay Homa Bay Homa Bay Homa Bay Homa Bay 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

33 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
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Province Kisumu Kisumu Kisumu Kisumu Kisumu 

36 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Seme Seme Seme Seme 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

37 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Osiri Chiga Chiga Osiri Osiri 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

38 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Bondo Jula Alego Sakwa Sakwa 
Province Siaya South Nyanza Siaya Siaya Siaya 

39 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kajulu Kisumu 
Province Kisumu South Nyanza South Nyanza Kisumu Kisumu 

40 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Alego Alego Alego Alego 
Province Siaya Siaya Siaya Siaya Siaya 

41 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Yala Ugenya Ugenya Yala Gem 
Province Siaya Siaya Siaya Siaya Siaya 

43 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Karachuonyo Kochia Mbita Karachuonyo Karachuomo 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

44 KL Luo Luo Luo Kenya 
Town of Birth Kajulu Kisumu 
Province Kisumu Kisumu Kisumu 

45 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Seme Seme Seme Seme Seme 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

46 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kisumu Katito Katito 
Province Kisumu South Nyanza South Nyanza Kisumu Kisumu 

47 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Siaya Busia Busia Busia Busia 

48 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

49 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Ahero East Korwa 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

50 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Siaya Siaya Siaya Siaya Siaya 

52 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

53 KL Luo Luo Luo Luo Luo Kenya 
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Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

54 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Ugenya 
Province Siaya Siaya Siaya Siaya Siaya 

55 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Kisumu Kendo Bay Kendo Bay Kawabwaya Kawabwaya 
Province Kisumu South Nyanza South Nyanza South Nyanza South Nyanza 

57 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

58 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

59 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Siaya Siaya Siaya Siaya Siaya 

60 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Siaya Siaya Siaya Siaya Siaya 

61 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Kano 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

62 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Kisumu Siaya Siaya Siaya Siaya 

63 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Nyakach 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

64 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Nyakach Kabondo Kabondo Nyakach Nyakach 
Province Kisumu South Nyanza South Nyanza Kisumu Kisumu 

65 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Kano Chemeli Chemeli Nyakach Nyakach 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

71 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

73 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Ugenya 
Province Kisumu Siaya Kisumu Kisumu Kisumu 

74 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Seme Seme 
Province South Nyanza Kisumu South Nyanza South Nyanza Kisumu 

75 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth Alego 
Province Siaya Siaya Siaya Siaya Siaya 
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76 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Nyakach Kano Kano Nyakach Nyakach 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

77 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kaksingiri Gem Kaksingeri Gem Kaksingeri 
Province South Nyanza Siaya South Nyanza Siaya South Nyanza 

1 30 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth Kabondo 
Province South Nyanza Kisumu Kisumu Kisii Kisii 

1 32 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province Kisumu Siaya Siaya Kisumu Kisumu 

1 35 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province Siaya Siaya Siaya Siaya Siaya 

1 45 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province South Nyanza Kakamega South Nyanza South Nyanza South Nyanza 

1 46 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

1 47 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province Kisumu Kisumu Siaya Kisumu Kisumu 

1 52 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province South Nyanza South Nyanza South Nyanza South Nyanza South Nyanza 

1 71 KL Luo Luo Luo Luo Luo Kenya 

Town of Birth 
Province Kisumu Kisumu Kisumu Kisumu Kisumu 

575 KL Luo Luo Luo Luo Luo Kenya 
Town of Birth 
Province Siaya Siaya Siaya Siaya Siaya 

1 0 .2 .21  Maasai 
1 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

2 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kaijiado Kajiado Kajiado 

3 KM Maasai Maasai Maasai Maasai Masaai Kenya 
Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

4 KM Maasai Maasai Maasai Maasai Masaai Kenya 
Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

5 KM Maasai Maasai Maasai Maasai Masaai Kenya 
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Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

6 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

7 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

1 2  KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Oltapesi Oltapesi Oltapesi Oltapesi Oltapesi 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

1 3  KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Ngoire Ngoire Ngoire Ngoire Ngoire 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

1 8  KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Kiloliti Kiloliti Kiloliti Kiloliti Kiloliti 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

51 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

80 KM Maasai Maasai Maasai Maasai Masaai Kenya 

Town of Birth Mabartni Mabatini Mabatini Mabatini Mabatini 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

84 KM Maasai Maasai Maasai Maasai Masaai Kenya 
Town of Birth Oloiyangala Oloiyangalan Oloiyangalan Oloiyangalani Oloiyangalani 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

89 KM Maasai Maasai Maasai Maasai Masaai Kenya 
Town of Birth Mabatini Mabatini Mabatini Mabatini Mabatini 
Province Kajiado Kajiado Kajiado Kajiado Kajiado 

570 KM Maasai Maasai Maasai Maasai Maasai Kenya 

Town of Birth 
Province Narok Narok Narok Narok Narok 

1 0 .2 .22 Mambi la 
732 NK Mambila Mambila Mambila Mambila Mambila Nigeria 

Town of Birth Warwar 
Province 

1 0 .2 .23 Margi  
730 NF Margi Margi Margi Margi Margi Nigeria 

Town of Birth Uba 
Province Borno 

1 0.2 .24 Nuer 
350 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor l Iubabor lIubabor lIubabor l Iubabor 

351 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor lIubabor lIubabor lIubabor lIubabor 
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352 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province l Iubabor lIubabor l Iubabor lIubabor lIubabor 

353 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth jikao Jikao Jikao Jikao Jikao 
Province lIubabor lIubabor l Iubabor lIubabor lIubabor 

354 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

355 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

356 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province l Iubabor Sudan Sudan Sudan Sudan 

357 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor lIubabor lIubabor lIubabor lIubabor 

358 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province l Iubabor Sudan Sudan Ethiopia lIubabor 

359 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

360 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Malakal Malakal Malakal Malakal Makalal 
Province Sudan Sudan Sudan Sudan Sudan 

362 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor l Iubabor lIubabor lIubabor lIubabor 

363 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Nasir Nasir Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

364 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Yom Yom Yom Yom Yom 
Province Sudan Sudan Sudan Sudan Sudan 

365 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Akobo Jikao Jikao Nasir Nasir 
Province lIubabor lIubabor lIubabor Sudan Sudan 

366 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province l Iubabor lIubabor lIubabor lIubabor I lubabor 

367 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province l Iubabor l Iubabor l Iubabor lIubabor lIubabor 

368 S N  Nuer Nuer Nuer Nuer Nuer Ethiopia 
Town of Birth Jikao Jikao Jikao Jikao Akobo 
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Province Sudan Sudan lIubabor l Iubabor l Iubabor 

369 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

370 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Nasir Nasir Nasir Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

371 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Ilubabor lIubabor lIubabor lIubabor lIubabor 

372 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

373 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

375 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

376 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor lIubabor lIubabor lIubabor lIubabor 

377 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor Ilubabor lIubabor lIubabor lIubabor 

378 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province Sudan Sudan Sudan Sudan Sudan 

379 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jikao Jikao Jikao 
Province lIubabor lIubabor lIubabor l Iubabor l Iubabor 

380 EN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jikao Jikao Jlkao Jikao Jikao 
Province lIubabor lIubabor lIubabor lIubabor l Iubabor 

381 SN Nuer Nuer Nuer Nuer Nuer Ethiopia 

Town of Birth Jickao Jickao Jickao Jickao Jickao 
Province Sudan Sudan Sudan Sudan Sudan 

1 0.2 .25 Omotaboh 
1 24 K? Omotaboh Omotaboh Omotaboh Omotaboh Omotaboh Kenya 

Town of Birth Kisii Kisii Kisii Kisii Kisii 
Province Kisii Kisii Kisii Kisii Kisii 

1 0.2 .26 Rend i l le 
1 6  KR Rendille Rendille Rendille Rendille Rendille Kenya 

Town of Birth Marsabit Marsabit Marsabit Marsabit Marsabit 
Province Marsabit Marsabit Marsabit Marsabit Kajiado 

234 KR Somali Rendille Rendille Somali Somali Kenya 

Town of Birth Bulapesa Bulapesa 
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Province Isiele Isiele 

569 KR Samburu Rendille Rendille Samburu Samburu Kenya 

Town of Birth lIaut lIaut lIaut l Iaut lIaut 
Province 

1 0.2 .27 Sabarumo 
716 NF Sabarume Sabarume Sabarume Sabarume Sabarume Nigeria 

Town of Birth Kanguia Salaratu 
Province Kebbi Kebbi Kebbi Kebbi Kebbi 

1 0.2 .28 Sakuye 
178 K? Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Isiele Garba Tulia Isiele Isiele Isiele 
Province Isiele Isiele Isiele Isiele Isiele 

208 K? Sakuye Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Isiele Garba Tulia Garba Tulia Garba Tulia Isiele 
Prevince Isiele Isiele Isiele Isiele Isiele 

21 5 K? Sakuye Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Garba Tulia Isiele Isiele Isiele Isiele 
Province Isiele Isiele Isiele Isiele Isiele 

221 K? Sakuye Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Merti 
Province Isiele Isiele Isiele 

228 K? Sakuye Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Garisa Marsabit Meyale 
Province Garisa Marsabit Meyale 

232 K? Berana Berana Sakuye Berana Berana Kenya 
Town of Birth Merti Merti Merti Merti Merti 
Province Isiele Isiele Isiele Isiele Isiele 

233 K? Berana Sakuye Sakuye Berana Beran Kenya 

Town of Birth Merti 
Province Isiele 

236 K? Sakuye Sakuye Sakuye Sakuye Sakuye Kenya 

Town of Birth Malkadaka Garba Tulia 
Province Isiele Isiele 

237 KC Borana Borana Sakuye Borana Beran Kenya 

Town of Birth Idilela Merti Isiolo Gufu Gufu 
Province Ethiepia Isiolo Isiole Ethiepia Ethiepia 

242 K? Borana Sakuye Sakuye Borana Borana Kenya 

Town of Birth Garba Tulia Malkadaka Garba Tulia Merti Garba Tulia 
Province Isiole Isiolo Isiolo Isiolo Isiele 

244 K? Sakuye Berana Sakuye Sakuye Sakuye Kenya 

Town of Birth Garba Tulia Kulamane Garfarsa 
Province Isiolo Isiolo Isiolo Somalia Somalia 

1 0 .2 .29 Samburu 
95 KS Rendille Samburu Samburu Rendille Rendille Kenya 

Town of Birth Kisima Pere Ndote Korr Korr 
Province Samburu Samburu Samburu Samburu Samburu 
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1 64 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Baragoi Ndoto Nyero Nyero 
Province Marsabit Samburu Samburu Samburu 

200 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Bahawa Bahawa Bahawa Marmar Marmar 
Province 

201 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Arsim Nguronit Latakweny Arsim Lodosit 
Province Samburu Samburu Samburu Samburu Samburu 

203 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Lodokogen Koriyen Korigen 
Province Samburu Samburu 

204 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Ledera Ngiro Ngirerit Ngirerit 
Province Samburu Samburu Samburu Samburu 

206 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Lopungokwe Bahawa Bahawa Sugutamarmar 
Province Samburu Samburu Samburu Samburu 

231 KS Turkana Samburu Samburu Turkana Turkana Kenya 

Town of Birth Baragoi Baragoi 
Province Mara/a/ Mara/a/ Mara/a/ 

296 KS Maasai Samburu Samburu Maasai Maasai Kenya 
Town of Birth Rumuruti Mara/a/ Mara/a/ Mara/a/ Marsabit 
Province Laikipia Samburu Samburu Samburu Marsabit 

560 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Logutane Logutane Logutane Logutane 
Province Samburu Samburu Samburu Samburu 

561 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Ngati Kisuma Poro Poro 
Province 

562 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Lolkunono Marti Marti Lokunono Lokunono 
Province 

563 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Tamiyoi Tamiyoi Suguta Lodokejek Lodokejek 
Province Mara/a/ Mara/a/ 

564 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Suguta Lkerei Wamba Suguta Suguta 
Province 

567 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Power Power Power Power Power 
Province Samburu Samburu Samburu Samburu Samburu 

571 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Poro Poro Siambu Lesinde Poro 
Province Samburu Samburu Samburu Samburu Samburu 

573 KS Samburu Samburu Samburu Samburu Samburu Kenya 
Town of Birth Siambu Morijo Ngorika Ndoto Ndoto 
Province 
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574 KM Samburu Samburu Samburu Kenya 

Town of Birth Simisi Latakweng Leraka Lekerae lIaut 
Province 

576 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Baragoi Lesikan Loroki Baragoi Ndoto 

Province Samburu Samburu Samburu Samburu Samburu 

577 KS Samburu Samburu Samburu Samburu Samburu Kenya 

Town of Birth Opiriol Waso Opiriol Opiriol 
Province Samburu Samburu Lakipia Samburu Samburu 

1 0 . 2 . 30 Sh uwa 
709 NS Kanuri Shuwa Shuwa Kanuri Kanuri Nigeria 

Town of Birth Maiduguri Monguno Monguno Mongono Mongono 
Province Borno Borno Borno Borno Borno 

71 1 NS Shuwa Shuwa Shuwa Shuwa Shuwa Nigeria 

Town of Birth Maiduguri Maiduguri Monguno Maiduguri Monguno 
Province Borno Borno Borno Borno Borno 

734 NS Shuwa Shuwa Shuwa Shuwa Shuwa Nigeria 

Town of Birth Gwange Gwange Gwange Gwange Gwange 
Province Borno Borno Borno Borno Borno 

860 NS Shuwa Shuwa Shuwa Shuwa Shuwa Nigeria 

Town of Birth Maka Maiduguri 'Maiduguri Maiduguri Maiduguri 
Province Borno Borno Borno Borno 

1 0 . 2 . 3 1  Somali 
202 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Isiolo Isiolo Isiolo 
Province Isiolo Isiolo Isiolo Ethiopia Ethiopia 

21 3 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Isiolo Wajir Wajir Wajir Wajir 
Province Isiolo Wajir Wajir Wajir Wajir 

222 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Bulapesa Mandera Mandera 
Province Isiolo Mandera Mandera 

225 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Wajir Buna Buna Buna 
Province Wajir Wajir Wajir Wajir 

226 KZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mado Mado Mado 
Province Isiolo Isiolo Isiolo 

229 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Bulapesa Isiolo 
Province Isiolo Isiolo 

235 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Kilimani Wajir Wajir Girifta Girifta 
Province Isiolo Wajir Wajir Wajir Wajir 

238 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Giriftu Giriftu Giriftu Giriftu Giriftu 
Province Wajir Wajir Wajir Wajir Wajir 
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241 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Wajir Elwak Mandera Elwak Simprifade 
Province Wajir Mandera Mandera Mandera 

500 EZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Warbiweye Warbiweye Warbiweye Dolow Amino 
Province Ethiopia Ethiopia Ethiopia Ethiopia Ethiopia 

501 EZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Mandora Nakele Moyale 
Province Ethiopia Ethiopia Ethiopia Moyale 

502 ZZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Elwak Elwak Mandera Elwak 
Province Somalia Mandera 

503 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Aminou Aminou 
Province Ethiopia Ethiopia Ethiopia Somalia Somalia 

505 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Warir Wajir Wajir 
Province Wajir Wajir Ethiopia Wajir Ethiopia 

506 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Moyale Moyale Nageyle Moyale Nageyle 
Province Moyale Moyale Ethiopia Moyale Ethiopia 

507 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mandera 
Province Mandera Somalia Ethiopia Ethiopia Somalia 

508 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mandera Mandera Mandera 
Province Mandera Mandera Ethiopia Mandera Somalia 

509 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Garissa Modogashe 
Province Ethiopia Somalia Somalia 

510 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Wajir Wajir Wajir 
Province Wajir Wajir Ethiopia Wajir Somalia 

51 1 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mandera Mandera Mandera 
Province Mandera Mandera Ethiopia Mandera Ethiopia 

51 2 KZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Wajir Wajir Wajir Mandera Mandera 
Province Wajir Wajir Wajir Mandera Mandera 

5 1 3  KZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mandera Rhamu Rhamu Rhamu 
Province Mandera Ethiopia 

514 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Mandera Mandera 
Province Mandera Ethiopia Ethiopia Mandera Ethiopia 

515 EZ Somali Somali Somali Somali Somali Kenya 
Town of Birth Nakele Mandera Sidamo 
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Province Ethiopia Mandera Ethiopia Somalia Somalia 

516 zz. Somali Somali Somali Somali Somali Kenya 

Town of Birth Bulahaya Luugh Luugh Garbahare Luugh 

Province Somalia Somalia Somalia Somalia Somalia 

517 KZ Somali Somali Somali Somali Somali Kenya 

Town of Birth Mandera Elwak Elwak Mandera Mandera 

Province Mandera Mandera Mandera 

51 8 zz. Somali Somali Somali Somali Somali Kenya 

Town of Birth Luugu Bokol Bokol Luugh Konai 
Province Somalia Somalia Somalia Somalia Somalia 

519 zz. Somali Somali Somali Somali Somali Kenya 

Town of Birth Namanga Moshi Hargesa Hargesa Hargesa 
Province Tanzania Somalia Somalia Somalia 

1 0 .2 .32 Song hai 
264 MS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Niamey Tahoua 
Province Tahoua Mali Tillaberi Tillaberi 

265 RS Hausa Songhai Songhai Hausa Hausa Niger 

Town of Birth Tera Famale Famale Tahoua Tahoua 
Province Tillaberi Tillaberi Tahoua Tahoua 

426 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Hamdallaye Hamdallaye Hamdallaye Hamdallaye Hamdallaye 
Province 

427 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Niamey Niamey Dosso Niamey Dosso 
Province 

428 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Dosso Dosso Dosso Dosso Dosso 
Province 

430 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Koygolo Koygolo Koygolo Koygolo Koygolo 
Province 

431 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Gardi Gardi Koygolo Koygolo Koygolo 
Province 

432 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Niamey Niamey Niamey Niamey Niamey 
Province 

433 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Niamey Niamey Dantchandou Dantchandou Dantchandou 
Province 

434 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Agadez Niamey Dambon Niamey Tillberi 
Province 

436 RS Songhai Songhai Songhai Songhai Songhai Niger 

Town of Birth Bawabou Loga Loga Koygolo Koygolo 
Province 
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Code individual Mother M. Grandmother Father P. Grandfather Count!Y 

1 0. 2 . 33 Tera 
736 NF Tera Tera Tera Tera Tera Nigeria 

Town of Birth Kaduna Jos Bui Bauchi Gombe 
Province Kaduna Jos Bomo Bauchi 

1 0.2 .34 Teso 
56 K? Teso Teso Teso Teso Teso Kenya 

Town of Birth 
Province Busia Busia Busia Busia Busia 

v 

1 0 . 2 . 35 Tiv 
701 NF Tiv Tiv Tiv Tiv Tiv Nigeria 

Town of Birth 
Province Benue Benue Benue Benue Benue 

1 0. 2 . 36 Tuareg 
254 MT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Adaraubouko Anekou Anekou Adarauboukou Adarauboukou 
Province 

263 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Talcho 
Province Filingue Mali Azaouak Azaouak Azaouak 

438 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Bonkoukou Bonkoukou Bonkoukou Bonkoukou Bonkoukou 
Province 

443 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Niamey Indikitan Balleyara I ndikitan Indikitan 
Province 

447 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Baleyara Baleyara Imbama Balleyara Imbama 
Province 

449 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Balleyara Imbama Imbama Sassabade Sassabade 
Province 

450 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Balleyara Balleyara Balleyara Balleyara Balleyara 
Province 

451 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Balleyara Balleyara Balleyara Balleyara Balleyara 
Province 

452 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Agadez Elmiki Elmiki Tarwadji Tarwadji 
Province 

453 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Zinder Tabla Tabla Tabla Tabla 
Province 

454 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Kochilan Tilloa Tilloa Kochilan Kochilan 
Province 
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Code individual Mother M. Grandmother Father P. Grandfather Country 

455 RT Fulbe Tuareg Tuareg Fulbe Fulbe Niger 

Town of Birth Agadez Tahoua Tahoua Magazia Sokoto 
Province 

458 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Ourihimaza Ourihinaza Kohehe Ourihimaza Ourihimaza 
Province 

459 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Diguina Diguina Diguina Diguina Diguina 
Province 

460 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Bonkoukou Bonkoukou Bonkoukou Bonkoukou Bonkoukou 
Province 

461 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Agadez Aderbissamat Aderbissamat Aderbissamat Aderbissamat 
Province 

462 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Aderbissnet Aderbissnet Aderbissnet Aderbissnet Aderbissnet 
Province 

463 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Naredet Naredet Nareget Naredet Naredet 
Province 

464 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Amataltal Agadez Agadez Teguirwet Agadez 
Province 

465 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Tiguidan Ta Agadez Agadez Agadez Agadez 
Province 

466 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Toumbalaga Adubisnet Adubisnet Adubisnet Adubisnet 
Province 

467 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Dakori Wourhamidja Wourhamidja Wourhamidja Ally 
Province 

468 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Niamey Abala Abala Abala Abala 
Province 

469 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Agadez Adubissnet Adubissnet Goffat Tcheroseme 
Province 

471 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Agadez Aderbissnet Aderbissnet Aderbissnet Aderbissnet 
Province 

472 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Agadez Aderbissnet Aderbissnet Aderbissnet Aderbissnet 
Province 

473 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 

Town of Birth Arlit Agadez Tacrisat Tacrisat Tacrisat 
Province 



192 

Code individual Mother M. Grandmother Father P. Grandfather Country 

474 RT Tuareg Tuareg Tuareg Tuareg Tuareg Niger 
Town of Birth Balleyara Balleyara Fafa Balleyara Toumbora 
Province 

1 0 . 2 . 37 Turkana 
19 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Lokitaung Lokitaung Lokitaung Lowaregaka Lowaregaka 
Province Turkana Turkana Turkana Turkana Turkana 

93 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Marala Baragoi Lomutono Kerio Kerio 
Province Samburu Samburu Turkana Turkana Turkana 

99 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Baragoi Baragoi Baragoi Baragoi Baragoi 
Province Marsabit Marsabit Marsabit Marsabit Marsabit 

1 01 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lorrukumi Lorukumi Lorukumi Lorukumi Lorukomi 
Province Turkana Turkana Turkana Turkana Siaya 

1 02 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Loima Loima Loima Loima Loima 
Province Turkana Turkana Turkana Turkana Turkana 

1 03 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lokichar Lokichar Lokichar Lokichar Lokichar 
Province Turkana Turkana Turkana Turkana Turkana 

1 04 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lokori Lokori Lokori Lokori Lokori 
Province Turkana Turkana Turkana Turkana Turkana 

1 05 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kalokol Kalokol Kalokol Kalokol Kalokol 
Province Turkana Turkana Turkana Turkana Turkana 

1 06 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lokitaung Lokitaung Lokitaung Lokitaung Lokitaung 
Province Turkana Turkana Turkana Turkana Turkana 

1 07 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kaputir kaputir Kaputir Kaputir Kaputir 
Province Turkana Turkana Turkana Turkana Turkana 

1 08 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kakuma Kakuma Kakuma Kakuma Kakuma 
Province Turkana Turkana Turkana Turkana Turkana 

1 09 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lokitaung Lokitaung Lokitaung Lokitaung Lokitaung 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 0  KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lurugum Lorugum Lorugum Lorugum Lorugum 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 1  KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lorugum Lorugum Lorugum Lorugum Lorugum 
Province Turkana Turkana Turkana Turkana Turkana 
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Code individual Mother M. Grandmother Father P. Grandfather Country 

1 1 2  KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Lokori Lokori Lokori Lokori Lokori 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 3  KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Lokogum Lokogum Lokogum Lokogum Lokogum 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 4 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kerio Lorugum Lorugum Kalokol Kalokol 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 6 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lorugum Lorugum Lorugum Lorugum Lorugum 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 7 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kalokol Kalokol Kalokol Kalokol Kalokol 
Province Turkana Turkana Turkana Turkana Turkana 

1 1 8  KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lodwar Lodwar Lodwar Lodwar Lodwar 
Province Turkana Turkana Turkana Turkana Turkana 

1 20 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lokori Lokori Lokori Lokori Lokori 
Province Turkana Turkana Turkana Turkana Turkana 

1 22 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Lodwar Lodwar Lodwar Lodwar Lodwar 
Province Turkana Turkana Turkana Turkana Turkana 

1 23 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kerio Kerio Kerio Kerio Kerio 
Province Turkana Turkana Turkana Turkana Turkana 

1 27 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Elike Sprin Lorugum Lorugum Lokitaung Lokitaung 
Province Turkana Turkana Turkana Turkana Turkana 

1 28 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Fergusson G Fergusson Gu Fergusson Gu Fergusson Gul Fergussin Gulf 
Province Turkana Turkana Turkana Turkana Turkana 

1 29 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kalekol Kalekol Kalekol Kalekol Kalekol 
Province Turkana Turkana Turkana Turkana Turkana 

1 31 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Kalekol Kakuma Kakuma Kakuma Kakuma 
Province Turkana Turkana Turkana Turkana Turkana 

1 68 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Marti Marti Marti Marti Marti 
Province Samburu Samburu Samburu Samburu Samburu 

1 73 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Moyale Isiolo Baragoi 
Province Marsabit Isiolo Maralal 

1 75 KT Turkana Turkana Turkana Turkana Turkana Kenya 
Town of Birth Maralal Baragoi Baragoi Maralal 
Province Maralal Maralal Maralal Maralal 
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1 79 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Isiolo Baragoi Baragoi 
Province Isiolo Isiolo Maralal Maralal 

205 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Maralal Lodwar Baragoi 
Province Maralal Turkana Turkana 

209 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Chumui Isiolo Isiolo Isiolo Isiolo 
Province Isiolo Isiolo Isiolo Isiolo Isiolo 

21 1 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Nakuru Lenrumt Isiolo Lenrurmt Lenrurmt 
Province Nakuru Kitale Isiolo Kitale Kitale 

21 2 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Isiolo Lodwar Lodwar Lodwar Lodwar 
Province Isiolo Turkana Turkana Turkana Turkana 

21 4 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Isiolo Lodwar Lodwar Kapecho 
Province Isiolo Lodwar Lodwar Lodwar 

21 8 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Isiolo Baragoi Baragoi Baragoi Baragoi 
Province Isiolo Samburu Samburu Samburu Samburu 

243 KT Turkana Turkana Turkana Turkana Turkana Kenya 

Town of Birth Baragoi Nachola Nachola Sokota Sokota 
Province Maralal Maralal Maralal Maralal Maralal 

1 0 .2 .38 Yoruba 
339 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth Saki Saki Saki Saki Saki 
Province Oyo Oyo Oyo Oyo Oyo 

526 NY Hausa Yoruba Yoruba Hausa Nigeria 

Town of Birth Sokoto lIorin lIorin Sokoto Sokoto 
Province Sokoto Kwara Kwara Sokoto Sokoto 

71 7 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth Ede Ede Ede Ede Ede 
Province Osun Osun Osun Osun Osun 

720 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Ede Ede Ede Ede Ede 
Province Osun Osun Osun Osun Osun 

748 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Togo Saki Saki Saki Saki 
Province Oyo Oyo Oyo Oyo 

749 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth Kangi kisi Kisi Kisi Kisi 
Province Oyo Oyo Oyo Oyo Oye 

750 NY Yeruba Yeruba Yeruba Yeruba Yeruba Nigeria 

Town of Birth Iseyin Iseyin Iseyin Iseyin Iseyin 
Province Oye Oyo Oye Oye Oye 
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881 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth Sepeteri Sabe Sabe Ago Amodu Ago Amodu 
Province 

886 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth 
Province 

887 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth 
Province 

888 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 

Town of Birth Okuta Gbarare Gbararo Gbure Gbure 
Province 

889 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Sabe Basii Basii Basii Basii 
Province 

890 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Agurege Ago Are Agurere Ago Are Agurere 
Province Oyo Oyo 

891 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Okeho Okeho Okeho Okeho Okeho 
Province Oyo Oyo Oyo Oyo Oyo 

892 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Ago Are Ago Are Ago Are Ago Are Ago Are 
Province Oyo Oyo Oye Oyo Oyo 

893 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Isemi Isemi Isemi Isemi Isemi 
Province 

894 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth 
Province 

895 NY Yeruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Ibadan Ibadan 
Province Oyo Oyo 

896 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth 
Province 

897 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Saki Igboho Igboho Saki Saki 
Province Oyo Oyo Oyo Oyo Oyo 

898 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Komu Komu Komu Komu Komu 
Province 

899 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Ago Amodu Ago Amedu Ago Amodo Ago Amodu Age Amodu 
Province Oyo Oyo Oyo Oyo Oyo 

900 NY Yoruba Yoruba Yoruba Yoruba Yoruba Nigeria 
Town of Birth Iseyin Iseyin I seyin Iseyin Iseyin 

Province 
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1 0.3 Sequences used i n  the Analysis 

The following sequences were used in the analysis. These sequences were free from 

ambiguities between nucleotide positions 1 6030 and 1 63 70 (numbered according to Anderson 

et al. 1 98 1 ), the total sample was n = 1 595.  The sequences are arranged according to continent 

AF (Africa); AM (America); AS (Asia); EU (Europe); ME (Middle East). 

Population AF A M  AS EU ME REFERENCE 
Aboriginal I Vigilant et al. 1 99 I 

Altai 1 7  Shields et af. 1 993 

Apache I Torroni et al. 1 993a 

Arab 1 2  O i  Rienzo and Wilson 1 99 1  

Asian 2 1  Vigi lant e t  af. 1 99 1  

Athapaskan 2 1  Torroni e t  af. 1 993a 

Basque 45 Bertranpetit et al. , 1 994 

Bedouin 29 Oi Rienzo and Wilson 1 99 1  

Bella Coola 44 Ward et al. 1 993; Torron i  et al. 1 993 

Biaka Pygmy 1 8  Vigi lant et a/. 1 99 1  

Borana 1 this thesis 

Boruca 2 Torroni et al. 1 993a 

British 95 Piercy et al. 1 993 

Chukchi 7 Shields et al. 1 993 

Oogrib 2 Torroni et al. 1 993a 

Estonian 28 Sajantila et af. 1 995 

European I S  Vigi lant et al. 1 99 1  

Evenk I I  Torroni et al. 1 993b 

Finns 48 Sajantila et al. 1 995 

Fulbe 6 1  this thesis 

Guaymi I Torroni et a/. 1 993a 

Haida 42 Ward et al. 1 993; Torron i et al. 1 993 

Han 7 Torroni et al. 1 993a 
Hausa 20 this thesis 

Havik 42 Mountain et af. , 1 995 

Huetar 27 Santos et af. 1 994 
Icelander 40 Sajanti1a et al. 1 995 

Inuit 1 7  6 Shields et af. 1 993 

Inupiaq 5 Shields et al. 1 993 

Kadar 7 Mountain et al. 1 995 

Kanuri 1 4  this thesis 
Kikuyu 25 this thesis 
Karel ian 83 Sajantila et af. 1 995 
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Population AF AM AS EU ME REFERENCE 
Korean 4 Torroni et al. 1 993a 

Kraho 3 Torroni el al. 1 993a 

Kuna 3 Batista el al. 1 995 

Kung 1 9  Vigi lant e l  al. 1 99 1  

Makiritare I Torroni el al. 1 993a 

Mandenka 87 Graven et al. 1 995 

Mapuche 39 Torroni et al. 1 993a 

Mataco 3 Torroni et al. 1 993a 

Maya 4 Torroni et at. 1 993a 

Mbuti Pygmy 1 0  Vigi lant et al. 1 99 1  

Mukri 3 8  Mountain et at. , 1 995 

Navajo 2 Torroni et a/. 1 993a 

New Guinean 5 Vigi lant et at. 1 99 1  
Ngobe 46 Kolman et at. 1 995 

Nivkh 2 Torroni et a/. 1 993b 

Nuu-Chah-Nulth 63 Ward et a/. 1 99 1  

Oj ibwa 3 Torroni et a/. 1 993a 
Pima 3 Torroni et at. 1 993a 
Saarni 1 1 5 Sajanti la el a/. 1 995 
Sakuye I this thesis 

Sardinian 69 Di Rienzo and W i lson 1 99 1  
Somali 27 this thesis 
Songhai 1 0  this thesis 
Swiss 74 Pult et al. 1 994 

Ticuna 3 Torroni el a/. 1 993a 
Tlingit 2 Torroni et al. 1 993a 

Tuareg 26 this thesis 
Turkana 37 this thesis 
Udegey 3 Torroni el at. 1 993b 
Yakima 42 Shields et a/. 1 993 

Yanomama 3 Torroni et at. 1 993a 

Yoruba 33 this thesis; Vigilant el a/. 1 99 1  

TOTALS 389 355 198 6 1 2  41  
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1 0.4 Shared Lineages 

• 2CMa 2CMb 2CMe 
• 37CM 38CM 39CM 40CM 
• 4 1  CM 42CM 43CM 
• 47CM 48CM 48CMb 
• 68CBb 68CB 
• 96EB 1 23ET 
• 257WF 34EK 89WY 
• 326WF 348WF 259WH 528WH 1 55EK 
• 329WF 330WF 738WF 747WF 
• 33 1 WF 892WY 897WY 
• 332WF 333WF 
• 336WF 235ES 453WT* 454WT* 
• 338WF 347WF 457WF 591 WF 7 1 0WF 724WF 873WF 534WH 857WK 434WS 
• 3 4 1 WF 870WF 5 5 1 WH 1 0aWM I ObWM l OeWM 1 0dWM I OeWM 1 0fWM 1 0gWM 1 6aWM 6bWM 6eWM 
• 342WF 53 1 WF 597WF 874WF 
• 344WF 437WF 73 1 WK 
• 345WF 349WF 5 3 7WH 1 4WM 45aWM 45bWM 263WT 465WT 26HWYa 26HWYb 346WF 340WH 
• 435WF 44 1 WF 598WF 723YF 856WF 
• 444WF* 445WF * 
• 726WF 543WH 58WM 458WT 
• 869WF 1 36EK 5 1 3  ES 449WT 
• 335WH 526WY 
• 540WH 1 06WY 
• 862WK 47 1 WT* 472WT* 
• 864WK 865WK 1 09ET 
• 66EK 565EK 427WS 436WS 
• 68EK IV 1 68ET IV 
• 94EK 2 1 1 ET 
• 1 39EK 572EK 1 06ET 
• 7aSK 7bSK 7eSK 7dSK 7eSK 7fSK 
• 1 0SK I I SK 1 2S K  1 3SK 
• 1 9SK 20SKa 20SKb 
• 8SK 9SK 
• 1 8aWM 1 8bWM 1 8eWM 
• 25aWM 25bWM 25eWM 
• 26WM 750WY 
• 52aWM 52bWM 52eWM 
• 40aWM 40bWM 40eWM 
• 8aWM 8bWM 
• 2 1 aWM 2 1 bW M  I I OET 
• 3aWM 3bWM 3eWM 3dWM 3eWM 3fWM 3gWM 3hWM 3iWM 3jWM 1 7WM 
• 37aWM 37bWM 
• 1 2aWM 1 2bWM 1 2eWM 1 2dWM 1 2eWM 1 2fWM 1 2gWM 
• l aWM I bWM l eWM I dWM l eWM I fWM 
• 2aWM 2bWM 
• 27aWM 27bWM 
• 23aWM 23bWM 23eWM 
• 6aWM 6bWM 6eWM 6dWM 
• 463 WT* 464 WT* 
• 48aWM 48bWM 
• l 1 aWM I l bWM 
• 33aWM 33bWM 
• 6CB 4CBa 4CBb 5CBa 5CBb 5CBe 

• Indicates the samples collected in Niamey which may be a duplication. 

'V May be a case of m islabelling. 



• 69CB 73CB 
• 2 1 3ES S l OES 
• 226ES 466WT 
• S03ES SOSES 
• S06ES S08ES 
• S 1 2ES I OS ET 
• 428WS 4S9WT 
• 4S2WT 468WT 
• I 1 7ET I ) 8ET 2 )  2ET 

1 99 
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1 0.5 Sequences generated in this study 

1 0.5.1 Fulbe Sequences n=61 

Ande rson 

2 5 7 R F  

3 2 6N F  

3 2 7N F  

3 2 8 N F  

3 2 9N F  

3 3 0N F  

3 3 1 N F  

3 3 2 N F  

3 3 3N F  

3 3 4 N F  

3 3 6N F  

3 3 7NF 

3 3 8 N F  

3 4 1 N F  

3 4 2N F  

3 4 3N F  

3 4 4 N F  

3 4 5N F  

3 4 6N F  

3 4 7N F  

3 4 8 N F  

3 4 9N F  

4 3 5 R F  

4 3 7 B F  

4 4 1 R F  

4 4 2 RF 

4 4 4 RF 

4 4 5 R F  

4 4 6R F  

4 4 8 RF 

4 5 6R F  

4 5 7 RF 

5 2 7N F  

5 3 1 N F  

5 4 4 N F  

5 5 3B F  

5 9 1 N F  

5 9 7 N F  

5 9 8 N F  

7 1 0 N F  

7 1 8 N F  

7 1 9N F  

7 2 2 N F  

1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 2 2  2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2  2 3 3 3 3 3 3  

5 8 9 1 2 2 2 4 4 7  7 7 8 8 8 8 8 9 0 1  1 1 2 2 3 3 3 3 4 6 6 6 6 7 7 7 8 9 9 9  9 0 1 1 2 6 7 

1 6 3 1 4 6 9 5 8 2  3 9 2 3 7 8 9 2 9 3 4 9 2 3 4 5 8 9 4 0  3 4 5 0 4 8 6 1 2 3  4 9 1 9 0 2 8  

ATTCTTGGCT CCAACCTCTG CACCCATCGC T CACGCCCCA CATGCTC 

. C . C  . .  C . . . .  T .  . • • •  T . 

. C . •  

. . . A .  

. . A .  

. C  . . . 

. C . •  C .  

• C • • • 

. C .  . 

. C . . . 

• C • •  

. C • •  

· . C T  . . . T .  . .  . . T . TG . . . 

. T . C  . .  A . T .  . T  . T  . .  AT . . .  G . C  . 

· . CT . .  

· . T .  . .  . 

. . T  . . .  

. .  . . . . . .  T . . . .  . . .  

· . . .  . T .  . . . . .  . T  . . . 

. C  . . . .  T . G . . . . . T .  

. C .  . T .  . 

. G . . . . .  T . . .  . 

. C  . . .  T .  

. T .  

. .  . . T  . 

. .  . . T .  

· . T .  . . . . T .  . 

· . T  . . . 

. T .  . 

. T .  

. . . .  T .  . 

. . T  . 

· . T .  

. C  . .  

. C .  

• C . 

. C  . .  

· . A . C  . 

• • • C . 

. .  . C  . 

· . A  . 

· . T .  . . .  . . T .  T . .  

. . .  T . C  . . . .  T . . . . T . T . T  . .  G . C  . 

· . . .  C . . . .  C . . . .  T . . • . . .  T . •  

· . .  C . •  

· . C  . .  

· . T .  . . . . T  . . .  · . C .  

. . . C T . . . T . . . . . T . TG . 

· . .  T . C  . . . .  T .  . . .  T . T . T  . .  G . .  C . .  

. C  . .  C . . .  . T . C . . . T .  . T . T . T  . .  G . C  . .  

. C  . .  C . •  

. .  T .  

. C  . .  . 

· . C  . . .  . 

• •  • .  C 

· . C  . . . 

. C .  . 

. C  . .  

. C  . • . .  

· . C  . .  

• .  C • •  

. C  . . . .  

. C  . .  C . .  

• .  C • • • 

. TC . . .  

. A  • .  C 

G • • •  C • • • •  

. T .  . . . . T .  

. . T . C  . . . .  T .  . . T . T . T  . .  G 

T • •  

. C  . 

· . T .  . A . . .  . TT . .  TG . . 

. . .  CT . . . .  T .  . . . . . T .  T G . 

. CT . . . .  T .  . . . . T .  T G  . . .  

. C . T C .  · T C C  . .  C . .  . T .  . T . . . . . 

. .  C . • •  G .  . . •  . T  . 

. T . C  . .  A 

· . T . CT . .  

· . T  . .  C . .  C .  . . G  . .  

· . T .  . . . . .  T .  . . . C .  

. T .  . T  . T . T . T  . . .  G . C  . 

· . T .  . .  . T . . . . .  c .  
. T .  • .  . .  T .  T G  . .  

. T . C .  . .  T . .  T . . .  TGT . T .  . G . .  C . . 

. . .  T . . . . . . .  T .  . .  . C .  

. . .  T . . . .  . T . . . .  . C .  

. T . C  . . . .  T .  . . T . T . T  . .  G . .  C .  

. C . TC .  

· . T .  . 

. . T .  . .  

. . T .  . 

· . T  . . . . 

. . T .  

. . .  T .  

· . .  C .  

. C  . .  

. • . .  T . 



Ande r s on 

7 2 3 Y F  

7 2 4 N F  

7 2 5NF 

7 2 6NF 

7 2 8 C F  

7 3 7NF 

7 3 8 NF 

7 4 6N F  

7 4 7 N F  

8 5 4 N F  

8 5 5NF 

8 5 6N F  

8 6 6NF 

8 6 9NF 

8 7 0 NF 

8 7 2 N F  

8 7 3 NF 

8 7 4 N F  

1 1 1 1 1 1 1  

5 8 9 1 2 2 2 4 4 7  

1 6 3 1 4 6 9 5 8 2  

ATTCTTGGCT 

· 

· 

· 

· 

· 

· 

· 

· 

· 

· 

. C . . C .  · 

. C .  · 

· · 

· · . 

· 

. C .  · 

. A .  · 

. C 

· . A .  · 

· 

· . 

. C .  . C .  

· . C 

· 

· · 

· . C . . C 

. C .  . · . · 

. C .  · · 

1 1 1 1 1 1 1 1 2 2  

7 7 8 8 8 8 8 9 0 1  

3 9 2 3 7 8 9 2 9 3  

CCAACCTCTG 

· 

· . 

· . 

· . 

. T . C .  

. CA 

· . CC . . C .  

· 

· 

· 

· . 

T . 

. . 

· 

· 

· . 

· . 

· . 

· . 

. . C .  

. A 

. T . C .  

. T . C .  

2 2 2 2 2 2 2 2 2 2  

1 1 2 2 3 3 3 3 4 6  

4 9 2 3 4 5 8 9 4 0  

CACCCAT CGC 

. T .  · 

· . T .  · 

· . TT . · · 

· . T .  · · 

· · . T .  · 

. T .  · 

. T .  · 

. T . 

. T .  · · 

· . T . · 

· · · 

. T .  

. G .  · 

· . T .  

· . T . . · 

· . T .  · 

· . T .  

· . T .  

2 2 2 2 2 2 2 2 2 2  

6 6 6 7 7 7 8 9 9 9  

3 4 5 0 4 8 6 1 2 3  

TCACGCCCCA 

. T .  T . T  . · . G 

· · . T . · · 

· 

· · . . · 

· . · 

· 

. T  . 

. · · · 

· · · 

. T . · 

. T .  T . T  . . G  

· · 

· . T . · 

. T  . 

. T . T  . · 

. T . · 

. T . · 

2 3 3 3 3 3 3  

9 0 1 1 2 6 7 

4 9 1 9 0 2 8  

CAT GCTC 

. C  . 

. C  . 

· · · 

· . T  . · 

. . C . T  . 

· 

· . · 

. T  . 

· 

. C  . 

TG . · · 

. C  . · . 

. C . T .  

T G  . 

· . 

. C  . 

· 

· 

· . T  

· · 

· 

. C  . 

. C  . 
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1 0.5.2 Hausa Sequences n=20 

AN DERSON 

2 5 6RH 

2 5 9RH 

2 6 0NH 

2 6 1 RH 

3 3 5NH 

3 4 0NH 

5 2 8 NH 

5 2 9NH 

5 3 0NH 

5 3 2NH 

5 3 4 NH 

5 3 5NH 

5 3 7 NH 

5 3 8 NH 

5 3 9NH 

5 4 0NH 

5 4 3NH 

5 5 0NH 

5 5 1NH 

5 5 2NH 

1 1 1 1 1 1 1 1  

5 9 2 2 2 7 8 8 8 8  

1 3 4 6 9 2 2 3 7 9  

ATTTGTAACT 

· . C  . . .  CC . C  

. . . . . . . .  . C 

· . .. .. . .. . . .. ..  

. . . .  A . . . .  C 

. . . . . . . .  . C 

. . . .  . C . . .  C 

. . . . . . . .  . C 

· . C  . . . . . . .  

. C . .  A . .  C . C  

. . . . . . . .  . C 

· . C  . . . . . . .  

G . . . . . . . . .  

· . .  C . . . .  T C  

. . . . . . . . .  C 

.. .. .. .. .. .. .. .. .. .. 

· C . . . . . . . .  

.. .. .. .. .. .. .. .. .. .. 

. . . . . . . .  . C 

.. .. .. .. .. .. .. .. .. .. 

. C  . . . . . . . .  

1 2 2 2 2 2 2 2 2 2  

9 0 1 2 6 6 6 7 7 8  

2 9 5 3 1 4 5 0 8 6  

C TACCCACC C  

. . .  T . . . .  T .  

T . .  T . . . .  T . 

. C . TT . . . . .  

. . . . . . . .  T . 

. . .  T . . . .  T . 

. . .  T . . . . . .  

T . .  T . . . .  T . 

. .  . T . . . .  T . 

. .  GT . . . .  T . 

T . . . . . . .  T . 

. . .  T . . . .  T .  

. . .  T . . . .  T .  

. . .  T . T . TT .  

. . .  T . .  T . . .  

. . .  T . . . .  T T  

. .  . T . .  T . . .  

. . .  T . . . . . .  

T . .  T . . . .  T . 

. . .  T . . . .  T . 

. .  . T . . . .  T . 

2 2 2 3 3 3 3 3 3 3  

9 9 9 0 0 0 1 1 2 5  

2 3 4 0 1 9 1 8 9 4  

CACACATACC 

. . . . . .  C . . .  

· . T  . .  G . . . .  

T . . . . .  C . . .  

. .  . G . . . . .  T 

· . T  . .  G . . . .  

. . . . . . . .  T .  

· . T  . .  G . . . .  

. . . . .  . C . . .  

. . . . . .  C . . .  

.. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. ..  

. . . . . . .  G . .  

. G  . . . .  C . . .  

.. .. .. .. .. .. .. .. .. ..  

· . T . TG . . . .  

.. .. .. .. .. .. .. .. .. .. 

. . . . . . .  . T . 

· . T  . .  G .  ' "  

.. .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. .. .. 

3 3 3  

5 6 6  

7 0 2  

TCT 

· . C  

· . C  

. T .  

· . C  

· . C  

C . .  



1 0.5.3 Kanuri Sequences n=1 4 

1 1 1 1 1 1 1 1  1 1 1 1 1 2 2 2 2 2  

4 9 1 2 2 4 4 6 7 7  8 8 8 8 8 0 2 3 6 7 

1 2 1 4 6 5 8 6 1 2  1 3 4 7 9 9 3 9 4 0  

Ande r s o n  ATCTT GCAAT AAC CTTCCCC 

2 6 2 RK . C  . . . •  T . . .  . .  , . C . T  . . .  

7 0 6N K  . . .  C . . . • . .  . . . . .  . T . . .  

7 0 7NK . . .. . . . . . . .. . . . .  CCT . . .  

7 3 1 NK .. .. .. .. .. .. .. .. . .. . . . . .  . T . . .  

8 5 2NK . . A . .  A . .  G .  . .  T . C . TT . .  

8 5 7 NK . . .  C . . . . . .  . . . . . .  T . . .  

8 5 9NK . . .  C . . . . .  C . . . . .  . T . . .  

8 6 1 NK • . . . . . . .  . C . C  . .  C . T  . . .  

8 6 2NK .. .. .. .. .. .. .. .. .. .. . . . .  . CT . . .  

8 6 3NK . . . .  C . . . . .  . . .  . C . . . . .  

8 6 4 N K  G . . . . . . . . .  • . . . .  . T . . .  

8 6 5NK G . . . . . . . . .  . . . . .  . T . . .  

8 6 7NK .. .. .. .. .. .. .. .. .. .. G . . . . .  T . . .  

8 6 8 N K  . . . .  C . .  - . C  . . . TC . T .  TT 

2 2 2 2 2 2 3 3 3 3  

7 8 8 9 9 9 0 0 0 1  

8 6 8 2 3 4 1 4 9 1  

C C T CACCTAT 

TT . . . . . .  G • 

• . C  . . . . . . .  

• .  . T . . . . .  C 

T . . . .  T . . . .  

T . .  T . . . . .  C 

T . . . . . . . • .  

· . . . . . .  C . •  

. • . . . . . . .  C 

T . . . .  TT . . .  

T . . . . . . . . .  

· .. .. .. .. .. .. .. .. ..  

.. .. .. .. .. .. .. .. . .. 

T • . . .  T • .  G .  

T . . .  G . . . . C 

203 

3 3 3 3 3  

1 2 5 5 6  

8 0 4 5 2 

ACCCT 

. T  . . .  

. . .  T .  

. . . .  C 

. T  . . .  

. .  T . .  

G . . . .  
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1 0.5.4 Kikuyu Sequences n=25 

1 1 1 1 1 1 1 1  

6 9 1 2 4 5 6 6 6 7  

7 3 1 9 8 3 6 8 9 2 

Ande r s on CTCGCGACCT 

0 2 7 KK · · 

0 3 4 KK · . C 

0 6 6KK · · . C  

0 6 8 KK . . T .  . C  

0 9 4 KK · 

0 9 7 KK . AT . . T . C  

0 9 8 KK . TAT . G .  · 

1 1 5 KK · · 

1 3 6KK · 

1 3 8 KK · 

1 3 9 KK · . · 

1 4 0 KK · . · . 

1 4 1 KK . A .  · . TC 

1 4 2 KK · · · 

1 5 0 KK · 

1 5 5 KK 

1 5 6KK · . AT . · . C  

1 6 5 KK . C .  · 

1 6 9KK . TAT . G .  · 

1 7 0 KK . A .  

1 7 2 KK T .  · 

5 6 5KK · · . C 

5 6 6KK · 

5 6 8 KK · . AT . . T . C  

5 7 2 KK · · 

1 1 1 1 1 1 1 1 2 2  

7 8 8 8 8 8 8 9 0 1  

9 3 5 6 7 8 9 2 9 3 

CACCCCTCTG 

. · . C .  

. C .  · · . C  . 

. C .  · · . C .  

. . TGC . 

. · · 

. TGC . 

. T . C  . 

. T .  · . 

. · 

T . T .  · 

· · 

· . 

. T . C  . 

· 

· . 

· 

· 

· 

· 

· . 

· 

· 

. A 

. . T .  · . C .  

. C  . 

· . CT . · 

. TGC . 

· 

. T . C .  

· . 

· . 

· . C .  

· 

. TGC . 

· 

· 

· 

· . 

· . 

2 2 2 2 2 2 2 2 2 2  

1 1 1 2 3 3 5 5 6 6  

7 8 9 3 0 3 4 6 0 4  

T CACAAACCC 

· . T .  

. T .  · 

. G  . · 

. TG .  · 

· . T  . . G .  · 

· . T G .  

. T . GG .  

· . T .  · 

· · . T .  

· . T .  . . T .  

. T .  · 

. T . T .  

. T G .  

· · . T  . 

· · . T .  

· . T .  . 

C . . TG .  

. T .  . T .  

· · . T  . . G .  

. T .  · 

. T .  . 

· . G  . 

. T  . . T . T  

· . T G .  

· . T .  · 

2 2 2 2 2 2 2 3 3 3  

6 7 8 8 9 9 9 0 0 1  

5 8 7 8 0 3 4 3 9 1 

ACCTCACGAT 

. G  . 

. T .  

· 

· 

· . 

· . · 

. T . . C 

· . 

· 

· . C  

. T .  · . G  . . C 

. T . C .  

· · 

· T .  

· 

· · . .  

· · 

· T .  

· 

· 

. T .  

· · . 

. T .  

. T .  

T .  

· 

. T .  

. T .  

· 

. C  

. T . G .  

. C  

. C  

. . A  . · 

· . . C  

. C  

· . C  

· . T  . G  . 

. C  

. C  

. 

· 

. T .  · 

· . T .  . C  

· . C  



Ande r s on 

0 2 7 KK 

0 3 4 KK 

0 6 6 K K  

0 6 8 KK 

0 9 4 KK 

0 9 7 KK 

0 9 8 KK 

1 1 5 KK 

1 3 6 KK 

1 3 8 KK 

1 3 9 KK 

1 4 0 KK 

1 4 1 KK 

1 4 2 KK 

1 5 0 KK 

1 5 5 KK 

1 5 6 KK 

1 6 5 KK 

1 6 9 KK 

1 7 0 KK 

1 7 2 KK 

5 6 5 KK 

5 6 6 K K  

5 6 8 KK 

5 7 2 KK 

3 3 3 3 3 3 3 3 3  

1 2 2 2 5 5 6 6 6  

6 0 5 7 4 5 0 2 8  

ACTCCCCTT 

. . . . .  T . C .  

. T  . . . . . . .  

· . . . . . . . .  

. T  . . . . . . .  

G • • • • • • • •  

. T  . . . . . . .  

· . . . . . . . .  

. . .  T . . . . .  

· . . . . . . . .  

· . . . . . . . .  

. . . .  T . . . .  

. . . . . .  T . .  

. . .  T . . . .  C 

· . .  T . . . . .  

· . . . . . . . . 

· . . . . . . . .  

. T  . . . . . . .  

· . . . . . . . .  

. . . . . .  T . .  

· . . . . . . . . 

· . - T . . . . .  

· . . . . . . . .  

· . . . . . . . .  

. T  . . . . . . .  

' "  . T  . . . .  
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1 0.5.5 Somali Sequences n=27 

Ande r s on 

2 1 3 KZ 

2 2 2 KZ 

2 2 5KZ 

2 2 6KZ 

2 2 9KZ 

2 3 5 KZ 

2 3 8 KZ 

2 4 1 KZ 

5 0 0 KZ 

5 0 1KZ 

5 0 2 Z Z  

5 0 3 E Z  

5 0 5 E Z  

5 0 6E Z  

5 0 7 E Z  

5 0 8 KZ 

5 0 9 E Z  

5 1 0 E Z  

5 1 1 E Z  

5 1 2 KZ 

5 1 3 KZ 

5 1 4 E Z  

5 1 5 E Z  

5 1 6 Z Z  

5 1 7 KZ 

5 1 8 Z Z  

5 1 9KZ 

1 1 1 1 1 1  

5 6 9 9 1 2 2 3 4 4  

1 6 2 3 1 6 9 6 7 8  

AATTCTGTCC 

· 

· 

· 

. A . A .  

· . C .  

· . 

· 

· 

· 

· · 

· 

· 

· 

· . 

· 

· 

· 

· 

G .  · . A .  

· 

· 

· 

· 

· · . G .  

· · 

. C .  . A . 

· . 

· . 

· 

· 

· 

· 

· · 

· 

· 

· . 

· 

· 

· C o . 

· . A  . 

. C .  

· 

· 

. T 

· 

· · · . .  

. A . A . 

. G .  · · . C .  

· 

· 

. C .  

· 

· . · 

· 

· 

· · · 

· · · 

. C .  

· 

. C .  

· · · 

· · · 

1 1 1 1 1 1 1 1 1 1  

6 6 7 8 8 8 8 8 8 9  

8 9 2 2 3 4 7 8 9 2 

CCTAACCCTC 

· C . 

· . C . 

. CC . 

· . C . 

. C . . T .  

· 

· . 

. C C .  

. C .  

· 

· 

· 

· 

· 

. C .  

· · . 

• C . 

· 

· 

· 

· . 

· . 

· 

. C .  

. C .  

. CT 

· 

· 

. C .  

. CT 

· 

. C .  

· · 

. · 

T . C  . . TGC . 

. T .  

. C .  

. T .  · 

. CC .  

· 

. C  . 

. C .  

· 

· 

· 

· . 

. 

· 

. T  

. C .  

· · 

. CT 

· 

. C T 

· · 

2 2 2 2 2 2 2 2 2 2  

0 1 1 2 2 3 4 4 6 7 

9 3 8 3 4 0 8 9 0 4  

T GCCTACTCG 

. T . . T .  

· . T  . · · 

· · TT • .  · 

· . 

C .  

· 

. T . 

. T  . .  

. T .  

. T  . 

. T . 

· 

. C . · 

. A . T  . . T .  · 

· 

· 

· . 

· 

· 

· 

· 

· 

0 

· 

· 

C . 

· 

· 

· 

. T .  · 

. T . .  . C . 

. T .  

. T .  . T .  

. T .  . T .  

. · 

. T . G .  

. · 

. T  . · 

. T  . . T .  · 

. T  . 

. T  . . C . 

. T .  · 

. T .  · · 

. T .  . · · 

. C .  

. . .  

. T .  . A 

. T .  · 

2 2 2 2 2 2 3 3 3 3  

7 8 9 9 9 9 0 0 0 1  

8 4 1 2 3 4 3 5 9 1  

CACCAC GAAT 

· . T  . · · . C  

T . .  . T .  · 

. A .  · 

T .  . T  . · 

· · · · . C  

· . T .  · · . C  

· 

T . T  . 

T . T  . 

· 

· . 

. T .  

· 

. T . 

· 

· 

· 

· 

· 

· 

· 

· 

. C  

. C  

· . 

. C  

. C  

· . T .  · 

. G  . . G .  · · . C  

· 

T .  

. T .  

T .  

· 

T .  · 

T . T  . 

· 

T . 

· . 

· 

· . T .  

· 

· . C  

· · · 

· · · . C  

. T  . . G . 

. T . 

· 

· · . C  

· · · · 

. T  . . G . 

· · 

3 3 3 3 3  

1 5 5 6 6 

9 5 9 0 2 

G C T C T  

· · . T  . 

. T  . 

· . C  . 

· · . C  

· . C  

· · . . C  

A .  . 
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1 0.5.6 Songhai Sequences n=1 0 

1 1 1 1 1 1 1 1  1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3  3 

3 8 1 2 2 2 4 4 6 7 8 8 8 8 8 9 1 2 3 6  7 7 8 9 9 9 0 1 2 6 6 

8 6 1 4 6 9 5 8 8 2  3 6 7 8 9 2 9 3 0 4  0 8 6 1 3 4 9 1 0 0  2 

Ande r s o n  ATCTTGGCCT ACCCTCACAC CCCCACATCC T 

2 6 4 M S  G C  • . .  A . • . .  · . T . C  . .  T . .  . T  . .  GT . . .  T C 

4 2 6RS .. .. .. .. . .. .. .. .. .. . . .  . CT • . . .  . T  . . .  TG . . .  

4 2 7 RS . . . . . . . .  . C C . . .  C . G  . . .  . T  . . . . . . . .  

4 2 8 RS . . .  c . . . . . .  · T . . • . •  T . .  . T . T  . . . . . .  C 

4 3 0RS . . . .  C . . • . .  · . T . C  . . • .  T TT . .  G . .  C . .  

4 3 1 RS .. .. .. .. .. .. .. .. .. .. . . . . . . .  T . .  . T T . .  TG . . .  

4 3 2 RS . .  T . .  A .  TTC · . TGC . .  TG . . . . . . . .  CT . 

4 3 3 RS . . . . . .  A . . .  . . . . . . .  T . .  TT . . . . . . . .  C 

4 3 4 RS . . .  C . . . . . .  . . . . . • .  T . .  . T . . . . . . . .  C 

4 3 6 RS . . . . . . . . .  C C . . .  C . G  . . .  . T . . . . . . . .  
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1 0.5.7 Tuareg Sequences n=26 

Ande r s on 

2 5 4MT 

2 6 3 RT 

4 3 8 RT 

4 4 3 RT 

4 4 7 RT 

4 4 9 RT 

4 5 0 RT 

4 5 1 RT 

4 5 2 RT 

4 5 3 RT 

4 5 4 RT 

4 5 8 RT 

4 5 9 RT 

4 6 0 RT 

4 6 1 RT 

4 6 2 RT 

4 6 3 RT 

4 6 4 RT 

4 6 5 RT 

4 6 6RT 

4 6 7 RT 

4 6 8 RT 

4 6 9 RT 

4 7 1 RT 

4 7 2 RT 

4 7 4 RT 

1 1 1 1 1 1 1 1 1  

8 1 2 2 2 4 4 6 7 7  

6 1 4 6 9 5 8 8 2 4  

TCTTGGCCTC 

· · 

· . C .  . 

· · 

· · 

C . C .  · 

· 

· 

· 

· 

· 

· 

· 

· 

· · 

· 

· . · . 

. A .  

· . .  

· 

· 

· 

· 

· 

. C .  · · · 

· 

· 

· 

· 

· 

· 

· . · 

· · . 

. A .  

· · . 

· . 

. C . . .  

· · . 

· 

· 

. T  

. C .  

. C .  

· 

. T . . A . TT C . 

· 

· · 

· · . 

. A .  

· 

· 

· 

· 

1 1 1 1 1 1 2 2 2 2  

8 8 8 8 8 9 0 1 1 1  

3 6 7 8 9 2 9 3 8 9 

ACCCTCTGCA 

. · . . A .  

. T . C  . · 

. · · 

· · 

· · · · 

· · 

. A .  

· . A . 

· · 

· · . C .  

· · . C .  · 

· · · · 

. T  . . · · 

C . . C .  · 

. C .  · 

· . T . . T . 

C . . C .  · . G  

C . . C .  . G  

. T . C .  · 

C .  . CT . · 

. TGC . · . · · 

. C  . · 

. C .  · 

. C .  

· · 

2 2 2 2 2 2 2 2 2 2  

2 3 4 5 6 7 7 7 9 9  

3 0 8 6 4 0 4 8 1 2 

CACCCCGCCC 

T .  · · . T  . . 

T . . T T . T  . . 

T . .  · 

T . T .  

T .  

T .  

T .  

T . 

· . .  

T .  

T .  

T .  

T .  

T . .  

T . 

· 

· 

· 

· 

· 

· 

· 

· 

. 

. 

T . . A .  

· . 

· . · 

. T .  

· . 

· · 

· . T .  

. AT . 

. AT .  

. 

· . T  

· . T  

· . 

· . TT .  

. T .  

. T .  

· 

· . T .  

. T .  

T . . T T . T .  

T . .  · . T .  

TG . . T .  

· · 

· · 

T .  . T .  

T . . T .  

T .  · . T .  

2 2 3 3 3 3 3 3 3 3  

9 9 0 0 1 1 2 2 5 5  

3 4 1 9 1 8 0 7 4 6  

ACCATACCCT 

. T . G .  . · · · 

G .  . C .  · · 

. T . G . · · . C  

· · . T .  

· · . C .  · · 

. T . G .  . · · 

. T .  · · 

. T .  · · · 

· · · · · 

· . C  . · · 

· · . C .  · · 

· . T .  · 

· · 

. T . G .  

. T .  · 

· . C  . 

· . C .  

· · . C .  

G . . C .  

. T .  · 

· · 

· 

· . 

· · 

· · 

· 

· 

· 

· 

· 

· 

· · 

· · 

· 

· · 

G .  . C . T  . 

· · 

· · 

. T T . . T .  

. T T .  · . T .  

· · . G .  · · · 

3 

6 

2 

T 

C 

C 



2 1 0  

1 0.5.8 Turkana Sequences n=37 

1 1 1  1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 2 2  2 2 2 2 2 2 2 2 2 2  

4 5 5 6 7 7 9 1 2 2  4 6 6 6 6 7 7 7 7 7  8 8 8 8 8 8 8 9 0 1  2 2 2 3 3 4 4 4 5 5 

1 1 2 3 1 5 3 1 6 9  8 4 6 8 9 0 2 5 6 9  2 3 4 6 7 8 9 2 9 8 3 4 9 0 3 1 3 9 4 6 

Anderson AACTCTTCTG CAACCATACC AACCCCTCTC CTTAAATTAC 

0 9 3 KT · . A  · · · · · T .  · 

0 9 9KT . T .  · · . A  . T  . . T .  . T . C .  · T .  . G  . · · 

1 0 1 KT · · · · · · . T . C .  T .  . G  . . C . 

1 0 2 KT · . T . C . · · . T . C .  T . . G .  . · 

1 0 3KT · · · · · · · . · · . · T .  · · . C  . · 

1 0 4 KT · · · · . A T . . T . . C .  · · . GC . T .  . G  . · 

1 0 5 KT · · · · · · · · C C . · · . C .  T .  . C .  · 

1 0 6KT · · · · · · · T .  · 

1 0 7 KT · · · · T .  · · · 

1 0 8 KT . G .  · · · TG . · · . C .  - C . T  . . C .  T .  . G .  

1 0 9KT G .  · · · · · · · · · · · · T .  · · · 

1 1 0 KT · · · . A T .  · T . . C . . TGC . · T .  . G  . · · 

l 1 1KT · . A · · · · · · · · . C  . T .  · · · 

1 1 2 KT · · · · · · · · · . CT .  T .  · · 

l l 3 KT . G . C .  · · · · TG . · . C .  · - C . T  . . C .  · T . . G .  

1 1 4 KT · · · · · · · · · · . CT .  · T .  · . T  

1 1 6 KT . T  . . T . A  T . G .  · . T . C .  · T .  

1 1 7 KT · . T . A  T . G .  · · . T . C  . T .  . G  . . G .  

1 1 8 KT · · . T . A T . G .  · · . T . C .  T . . G . . G .  

1 2 0 KT · · . A  T . G .  · · - . T . C .  · T .  · 

1 2 2 KT · · · · · · G .  · · . C .  · T . C .  · 

1 2 3 KT · · · · · · T .  . C .  

1 2 7 KT · · . C .  · · · · · . CT T .  · · 

1 2 8 KT · · · . A T .  · · . C  . · · . AC .  T .  . G .  

1 2 9KT · T .  . C .  · · . T . T GC . T . . G .  · 

1 3 1 KT · · TC . · · 

1 6 8 KT · T .  · · . C .  · . TGC . · T . . G .  

1 7 3 KT . G . C .  · TG . · . C .  - C . T  . . C . T .  . G .  · 

1 7 5 KT . C .  · · . T · . T  . T .  

1 7 9 KT · · · · · · . C .  T .  · 

2 0 5 KT · . C .  · · · T .  · · 

2 0 9KT · · . C .  . C .  T .  

2 1 1 KT · · · · · T .  · . G .  

2 1 2 KT · · . T . A T . G .  · · · . T . C .  · T . . G . · . G .  

2 1 4 KT · . C .  . T .  T .  · 

2 1 8 KT · · · · . A  T .  . T . . C .  . TGC . T . . G .  · 

2 4 3 KT · · . A  T .  . T . . C .  . AC . T . . G .  · 



Ande r s on 

0 9 3 KT 

0 9 9 KT 

1 0 1 K T  

1 0 2 KT 

1 0 3 KT 

1 0 4 KT 

1 0 S KT 

1 0 6 KT 

1 0 7 KT 

1 0 8 KT 

1 0 9 KT 

l 1 0 KT 

l l l KT 

1 1 2 KT 

1 1 3 KT 

l 1 4 KT 

1 1 6KT 

1 1 7 KT 

l 1 8 KT 

l 2 0 KT 

l 2 2 KT 

l 2 3 KT 

1 2 7 KT 

1 2 8 KT 

1 2 9KT 

1 3 1 KT 

l 6 8 KT 

l 7 3 KT 

l 7 5 KT 

1 7 9 KT 

2 0 5 KT 

2 0 9 KT 

2 l l KT 

2 l 2 KT 

2 1 4 KT 

2 l 8 KT 

2 4 3 KT 

2 2 2 2 2 2 2 2 2 2  

6 6 7 7 8 9 9 9 9 9  

4 6 4 8 9 0 2 3 4 5  

CCGCACCACC 

· · 

. T . T .  · 

. AT . T .  

· 

· . 

· 

· . 

· . 

· 

· 

. T .  

. T . 

· · 

· · 

· 

. T .  

· · 

· 

· 

· · 

· T .  

. T .  

. T . T .  

· . T .  

· . T .  

. T .  

T . . T .  

· 

· 

· 

· . 

· 

· 

· 

· . T T . 

· 

· 

· 

· 

· 

. T . . T 

. T T . 

. T .  

· 

· 

. T .  

. T .  · 

· . G .  · 

· · · · 

. T .  · 

· · 

. T .  · 

. A .  · . T .  

. A .  . T .  

· . T .  . T .  

· · · · · · 

· . T .  . 

· · . T .  

· . G .  

. G .  

3 3 3 3 3 3 3 3 3 3  

0 0 1 1 1 2 2 2 3 4  

0 9 1 6 9 0 5 7 5 4  

AATAGCTCAC 

. C  . · . CT . 

G . C .  · · · · 

· . C . A .  . T . · 

· . C .  

. C .  

· . C .  

. C .  

. C .  

· . C  . 

· . 

· . C  . 

· . C  . 

. C .  

. C .  

. G  . 

· . 

· . .  

· . 

. C .  

. C .  

· . C .  

· . C  . 

· . C  . 

· . C .  

. G  . . 

. C  . 

. C  . 

. C  . 

· . C .  

· . C  . 

· 

· · 

· 

· 

· · 

· · 

· 

· 

· . 

· 

· 

· 

. T .  · 

· · . 

· 

· · 

· 

· 

· 

· 

. T  

· · . G .  

· 

· · 

· 

· 

· 

· 

· 

· . 

· . 

· 

· 

. T . .  

. T  . .  

· · 

. T .  

. T . 

· · 

· 

· 

· 

· 

· 

· 

· 

· 

· 

· 

· 

· . G .  · 

· . 

. C .  · 

· . C  . 

. C  . . T .  · · · 

2 1 1 

3 3 3 3 3  

5 5 6 6 6  

4 5 0 2 8  

CCCTT 

. C  

. C  . 

T . . C  

. T . C  . 

T .  . 

. C .  

. T . C  . 

. T  . 

. T  . 

. T .  

. T . C  . 

. C .  

. . . . C  

. T . C  . 

T .  

. T . C  . 

. T .  

. T . C  . 
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1 0.5.9 Yoruba Sequences n=21 

Ande r s on 

3 3 9NY 

5 2 6NY 

7 1 7 NY 

7 2 0NY 

7 4 8NY 

7 4 9NY 

7 5 0NY 

8 8 1NY 

8 8 6NY 

8 8 8 NY 

8 8 9NY 

8 9 0NY 

8 9 1 NY 

8 9 2NY 

8 9 3NY 

8 9 4NY 

8 9 5N Y  

8 9 7NY 

8 9 8NY 

8 9 9NY 

9 0 0NY 

1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2  2 2 2 3 3 3 3 3 3 3  

4 8 1 1 2 2 2 4 6 6  6 7 7 8 8 8 8 8 9 1  2 3 3 6 6 6 6 7 7 8  9 9 9 0 1 2 2 5 6 6  

8 6 1 4 4 6 9 8 3 6  8 2 9 0 3 7 8 9 2 3  3 0 9 0 1 4 5 0 8 6  2 3 4 9 1 0 7 5 0 2  

GTCCTTGCAA CTCAACCTCG CACCCCACCC CACATCCCCT 

• •  • C . • • •  G 

• . . • • A • •  

. •  . A . C . . .  

• • . • • .  A . .  

. . • .  AT . 

. • . •  C . . . •  

. .  T . . . . . .  . 

. . . . . .  . C .  

T . . . . . . . .  . 

T . • . . . . T . . . TG • . .  

T . .  T . . . .  T . • • T . • •  

. . . .  T . C  . •  T . . .  T . . .  T . • . . .  C • . .  T .  

. . . .  C . .  C . .  T . . . . . . . .  . . . . T . . . .  

. . . . . . . • T . . . . . . .  TT . •  T . .  . 

. . . .  T • C . T . . . •  T . TT . . G • .  C . .  . 

. . . . . •  CT . T • . . . .  C . T . • •  TG . . .  

. . . . . . • .  T . . . • . . T .  . TG . .  

TC . . •  TGC . T G . . . .  . .  . . . .  CT . . C 

. C . C  . . .  C .  T . . . . . . . .  • • . . T . . . 

• . . • . . .  . T . . • . . . .  T .  T .  TG . . • . . .  

. C  . .  C . .  C . .  T . . . . . . .  . . . . .  T . .  

T . . . . . . .  T .  

T . . .  T . . .  T .  . TG . . . •  

T . . . . . . .  . . • . .  C . T .  

A . • . • . . • . • •  T . C  • •  C .  T . T . . .  . .  • . . .  CT . .  C 

. • •  C • . . •  

. . •  . T . C .  

T . . . .  . T .  

T • . • • •  T . 

. . .  A . .  A . . . • . . . • . .  A T • . . • . • .  T .  . . . . .  T . C  

. C . . • .  A . G . . • . .  T . C . T . . . . . . .  T .  . GT . C . . .  T . 



1 0.5. 1 0  Extra Sequences n=2 

Ande r s on 

2 3 7 KC 

0 9 6 EB 

1 1 2 2 2 2 2 3 3  

9 7 9 0 2 4 5 6 1 6  

3 7 2 7 3 1 7 0 1 2 

TACACACCTT 

CGTTT . ATCC 

. . . .  TC . .  CC 

KC= Sakuye from Kenya 

EB= Borana from Ethiopia 

2 1 3  
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INFORMA TlON SHEET & CONSENT FORM 

The Origins of the Pastoral Peoples of  Africa 
In vestlgetors 
E.E. Watson Massey University, New Zealand 

Associate Professor D. Penny Massey University, New Zealand 

Professor S. Paibo University of Munich, Germany. 

Aim of InvestIgation: 
1 .  To investi�ate the origins of the Pastoral people of Africa. 
2. To observe genetic diversity within different ethnic groups. 

Conflden lla lily 
The people w h o  donate sam ples will remain anonymous. The results of this 
stud" \\" i i l  ': � \ \·allabl .. :rom the r .. searcners in the Mol�cu l a r  Genetics Uni t .  
Masse y  Uni\"�r5 i ty.  d n d  a copy \Vi i i  be forward ed to the I n s t i t u tions w h ich 
assist�d in '.his , tud,.. PHticiF3r.tS lre ,bie to withdraw th�ir :onsent ill a n y  lime. 

Tube Number . . . .  '1 . .  Lt.g . . . . . . . . . . . . 

1 T9� Your Place o f  Birth . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . '/0 ,c.6t6 1\  
Y"ur Ethnic .-\ffilia ticn.. . . . . . . . . . . . . .. .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Do you drink fresh milk ? Yes No� 
� 1e '  0 "( 0  "51 1't� 

Your mother's Place of Birth ........ . . . . . . . . ............................... ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  . 

ycJ���t\ Her Ethnic AIfilia tlon . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . y . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . . . . .  . 

S� \C-4 0 'f c> s rt\:T� Your father's Place of Birth . . . . . . . . . . . . . ......................... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 

'i c) P-.. "\ � 1\ His Ethnic Affiliation .. . . . . . . . . . .. ..... . . .. . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. ... . . . . . .  . 

Your mother's mother's Place of Blrth . . . . . . . .. .P...�.( . . . . . . . . . . ':'..�.� . . . . . . . .  �!..� .. f2. 
. . . . .  � O (U � � 

Her EthnIC Af(t1lation . . . . . . . . . . . . . . . .. . . . ...... . . . . . ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . 

�� 0 'to � 1"\ r;.. Y,:'U father's father's Place of Birth .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  . . 
'1 � f.... ...... -S 1\  

g. p 

• 
:.} 

CONSEN T 

PARTICIPANT 
I " grte to talc� pnrl ill this study. <''f�.;;., 
signa ture . . . ... . . . . . . . . ............ . . . . . . . . . . . . . ... . .. :2.::';<> . . . . . . . ................. Da le . . . .  3.l}�/..q.� ......... . 

TRANS LATOR 
I ;,ave discussed this C:OtlStllt {o .. m will, tit, persclI gl uill�' I ',e sam,vlt .wd I ./111 
salis/ieri tltar htls!le {uil!, u llderstnllris it. QI:d thai !Iis/ller COIl51llt IS {ruly 

. . . . . . . . . . . . . . . . . . . . . . . .. . D.te . . "& j.!Z.,j.9.z..., . . .. . . . . . 

::������ . . . . .  � . . . . . • . . . .  D .... . . . ]J . .  ll,l qz .... ... . . 
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1 0.7 Lactose I ntolerance 

Lactose is hydrolysed to the absorbable monosaccharides, glucose and lactose. This is  done by 

lactase, an enzyme that is found in the brush borders of the epithel ial cells of the small  

intestine. Typical responses for lactose intolerant people (Malabsorbers) is borborygmus, 

abdominal pain, loose stools and diarrhoea. The volunteers were asked whether they had any 

of these symptoms after drinking fresh mi lk. It was not a rel iable way of detecting intolerance, 

but gave an indication of which ethnic groups are tolerant. The table below i l lustrates the 

populations sampled (based on maternal identity) and the number of individuals with 

symptoms of lactose intolerance. The final column 'Economy' indicates whether the 

population are pastoralists (P) or non pastoral ists (NP). N P/P are populations which are 

agricultural which sometimes keep l ivestock and util ise their mi lk products. Pastoral ists show 

a higher lactose tolerance (84%) than non pastoralists (67%) . 
. _-_ .. _-_._- _ 

.

. _ - -----

POPULATION INTOLERANT TOLERANT ECONOMY 

Anuak I 
---- --- .-.-.. -. -----.----� .. ---.-... --•. ... - --. ,._---_ ... - . . ---.... ---.- ---
. Bella I 

P 
NP/P 

__ 0 ___ __ . ,  __ ._ •• __ _ .. ___ • , _ _ _  • _. __ ,_ � _ •• _ 4_ _ ._. _�_ _._ _ • • • __ ._ •••• • •  _ • •  ¥ .'. __ ' __ •• _" ___ ._._ 

Borana 4 7 P .
. _ . _ -_._ - - _. _ ------ - - - ---- ._ - -_ . - -

_ 

... 

_

-

_

.

_ -
-

-

---

Dinka 2 P 'FtJbe--- ---·-----1-1-- - - --- - - "59'---'--' -
P
---

Gusii 6 NP ----
Hausa 3 39 NP/P 

------------- -- -----.. _----

I�o 2 NP 
Kaknjiil-----.----- ---2---- - ·· -- --' 

4 P 
---------------� 

Kanuri 2 1 4  P 
Kikuy�- ... -- - --..... ·----2- ---- -- - "-----23----·---· --- -

N
-
P
-
/P
---

Luhyia 
---..... ------.. - -----

7
-·-- 1

3 NP 1Ai()-... - - - -.. .... --... ·· ... ... -----11- - - - ..... - -.. ---- ·--39---------N
-

P
---

Maasai 
1
6 P 

-
-. . --- ... Misc. 5 

1
3 

N ue-;:----------- --- ·-------- T---- ·- ----2S·--- .. ------
P --"' - ... - - -" -- -- -- - _ .. . _- _ .  _ .. .. __ .. --- -- --------

Rendil le 3 P 
�akuye 

___ _ 

Samburu 
Shuwa 

-- ---_._._----

---1
8 
4 

P 
P 
P So� ---- -- --.. - - .. ---·--5- - -- - - -·-- ---· 2 -3 - -- --
P 

Songhai 4 8 NP 
Tuareg-- - - ---- ------ '-T' - '--if p. ----
Turkana--·--· -·----I-I----- 27 P - ---- _ ._ .. -._ ------ -

-.. -- _ .. _--- - -- -- _.---
- -----

Yoruba 
1
5 8 NP 

._---
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1 0.8 Individuals of Cross Cultu ral Marriages 

From the 472 individuals sampled, 23 (4.9%) came from mixed marriages. That is 6 .4% of the 

West African sample and 3 .7% from the East African sample. All individuals c laimed their 

father's ethnic identity. 

MOTHER FATHER 

Borana Sakuye 

�--.--¥-.--,-'----.--.--. 
Borana Somal i 
Fu lbe Kanuri 
Xulbe _______ Songh� 

_ __ _ 

Fulbe Hausa 
--�---.----

Fulbe Hausa 
-,------,.--.-----� ... . --... 
, Fulbe Hausa 
Fulbe Kanuri 

-. .  ¥ - ---.-,.. . ... --,.---�----- ¥-. 

, Hausa ' Songhai -------_._---_¥_- -_¥' lunkun Hausa 
-------.-�---�¥--

' Kanuri Shuwa 
'-:-;-:---

Kikuyu Swahi l i  
RendTffe---

-
---SambUru - ' 

--,---' 
. Rendi l le Somali 
� 

Saku�e Borana 

_��_�uye 
_____ �oran� __ _ 

Samburu Maasai 
-------------- , 
Samburu Turkana 

____ _ �_R ___ _______ _ _ 

Samburu Rendi l le 
Shuwa -------Kanuri ----. 

�onghai===-B.au�- -�== 
_T.����g 

__ ____ �ulbe 
___ __ _  , , _  

Y oruba Hausa 
_ .. 

_

-

-

-

-

-

-

-

-

---

--
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1 0.9 Other Positions 

This table represents the positions which were determined outside the 360 base region (np 

1 6024- 1 6383).  

HpaI, cuts at position 3592 (when there is a T in position 3594), has high frequencies in Africa 

(Denaro et al. 1 98 1 ;  Chen et al. 1 995), and low in the Middle East and Sicily (Bonne-Tamir et 

al. 1 986, Semino et al. 1 989). This is probably due to African adm ixture and is non existent 

elsewhere in the world. Position 3594 corresponds to the Hpal-Morph 3 from Restriction 

Enzyme Analysis. Th is defines the group Chen et al. ( 1 995) cal ls Haplogroup L, for which 

they estimate a divergence time of 98- 1 29,000 years. HpaI site is determined by amplifying its 

surrounding region with the primers L03526 5 '-CAT-CAC-CCf-CAT-CAC-CG-3 ' and H03706 5 '­

AlT-GTT-"�GG-GCf-ACf-GCf-CG-3 ' .  The ampl ified fragment is added to a control fragment (with 

the presence of HpaI site) amplified by the primers L05269 5 '-lTG-CCC-AAA-TGG-GCC-AlT-AT-3 , 

and H060 1 1  5 '  -TGG-CCC-AGG-TCG-GCf-CGA-AT-3 ' . These fragments are digested together with 

HpaI and run on a 4% Metaphor Gel. 

Avan, cuts at position 1 6390 (when there is a G in position 1 6390). This polymorphism is also 

detectable with Hinfl . The state of the polymorphism was determined in half of the individuals 

in th is study. The polymorphism was determ ined from the sequencing gel of the HVR-I, rather 

than with a restriction enzyme digest. AvaI l negative corresponds to Chen et al. ( 1 995) 

haplogroup L2, which they estimate has a divergence time of 59-78,000 years. Semino et al. 

( 1 989) and Chen et al. ( 1 995) observed 2 substitution events, in this study there are AvaIl 

negative sequences which fal l  outside C luster-I I I  (in WM34, 2WM l 1 in C luster-I I, and in 

WF333 in Cluster-I). 

Nine Base Pair Sequence (CCCCCTCTA) occurs in the intergenic COIIltRNALys between 

positions 8272-8289. In most human populations there is a dupl ication of the nine basepair 

unit, however, in some Asian, American, and Oceania populations one repeat is deleted (Cann 

and Wilson, 1 983; Stoneking et al. 1 990; Torroni et al. 1 993a). One copy ( i .e. deletion) has 

been reported in Pygmy mtDNA's (Cann and Wi lson, 1 983;Vigi Jant, 1 990). A triplication has 

also been reported in one Tharu from Nepal (Passarino et al. 1 993). 

The number of repeats was determined by amplifying the flanking regions with H8297 5 '-ATG­

CfA-AGT-TAG-CCf-TAC-AG-3 ' and L8 1 96 5 '  -ACA-GlT-TCA-TGC-CCA-TGG-TC-3 ' .  The products 

were run on a 4% Metaphor Gel with control fragments of 1 and 2 repeats. Presence or absence 

of restriction sites are indicated by ' 1 ' , ' 0 '  respectively. The nine base pair repeat is scored 

according to the number of repeats. 
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IPopulation lID IHpaI IAvaIl 19-BP I 
I Borana ! 96 .� _____ ... _._._.� ____ _ 
: Fulbe . 257 ' 0 i __ .. � __ 

: Fulbe 2�_� __ J _ _ _  . _ _ _ �Q ._._._. _ .. _?. __ _ . _. 

I Fulbe : 327 1 1 2 
j-::: F'-ul:7'b-e --

__ 
�=3-=-2_8=-:_�,-_ . ___ _�L- -. - . . - . . �-.- .- -

l
;.-
F_u_lb_e 

__ ...... i 3_2_9 j 9 ___ ' _1 ___ _ 
2_._. __ . 

i Fulbe : 330 , 0 1 2 
1-::' ,--:-:------'-' - -.-.. -..... --.-----.-.-... --....... --
!Fulbe : 33 1 : 0 ; 1 2 
:----:-:-----..".---_._-_._----_. i Fulbe ' 332 \ 0 . 1 2 �:-:--

-
- .------.. -� ... -... -............ -.-.-...... ---.. 

I Fulbe 333 0 0 2 
!Fulbe ( 334 ; 0 i 1 2  IFulhe--1336'-�o--" " --'- -" -" " " -T-" " -'" 
1 
iFulbe 1337 � _ _  J.. _______ ��. ___ _ 
! Fulbe 1338  : 0 1 2 
i Fulbe 1 34 1  1 2 
! Fulbe 1 342 0 2 
I 
i Fulbe i343 ' 0 , 2 ' 
! Fulbe 344

·
T

-.----�O
-- -··

·
· .. 2 ---

�' --:-:-----:---r::i F
-:-
u
-;:-
lb_e __ -!-,

; J
:::-
4
:-:-
5 1 . __ _  

. 1 _. __ ___ �. __ . ___ . 

! Fulbe : 346 0 2 
iFulbe 1347 0 2 

P-.-".�----.. -.-.�.----.-.--.-.... -... 
, Fulbe ; 348 2 
"-:::--:-:-----'-:--:--------- - ----i Fulbe 1 349 I }  2 
:-::1 F'-u""'-lb-e--+' 4 3 5 ' 1--

-·
······· ·-

-
- ·-·2--- --· 

! Ful be : 437 1 
.. _ _ ___ � �. _ _ _ _ ._�. _ ._ .. _ 1-=: F

-:-
u
-;:-
lb_e __ +! 4_4_1-'--_ _ _ 1 ___ .� .

. 
_._ 

iFulbe i442 i 2 ---- .... _ .. _--_._ .. _ .. _ .... _ .. -.-. 
i Fulbe . 444 ' 1 
! Fulbe . 445 1 

, 2 
·-t--- 2 

-.. --�.-� ... '-t� •.. -.. --.. --.--..... --.... --.. 
1 446 i O 2 j Fulbe 

�--------i- -----. 
:Fulbe 448 i O 2 

IPopulation lID IHpaI IAvaIl 19-BP I 
! Fulbe A56 jO 1 1 1 2 
: Fulbe 457 10 : 1 : 2 -' 
i Fulbe , 527 : 1 : 1 : 2 
;Fulbe

---- ·----·
531-;-o

-·--
�f

--·-.. -··
f2

-----· 

:.��J�� .. .. _ ____ . �44 2 _ _  J� ____ t 2 ___ , 
! Fulbe 553 � I ' I t 2 
; Fulbe 59 1 10 1 1 2 
_R .... _. __ ._._ .. _. ________ --;--_. _______ . __ . _______ . 

' Fulbe ; 597 1 0 ; 2 
������ .... _. ___ ... �2�_�L __ . __ J _ _  ._.� __ ... _ .. .. _. 

Fulbe 7 1 0  1 0 1 2 
!��.?.� _ __ .. __ -.2!�.J� ... __ . __ . __ . ___ . __ ] _ ___ . 
: Fulbe 7 1 9  1 0 : 2 I 
: Fulbe : 722 10 , 2 
�--.--.-----.-.--... 

i Fulbe ' 723 j 1 : 2 ' 
' Fulbe 724 1 0 ; 1 2 
Me-

·-·--·--·
72510·---;--

-·
--·-

2
-··-

-
- --

i Fulbe 726 ; 0 ' 1 . 2 
'-.. _. ___ ._ ... _._ . .!... __ �--_--.-_-__ .i--.. _ .... -.... -.----�. ___ • __ ..... __ • 

i Fulbe 728 ! O 2 
I Fulbe 737 1 0 1 2 L.... __________ ._ ..... __ ._ .. ___ ... __ .. _ .... _ .. _____ .. 
! Fulbe 738 ' 0 ' I 2 
:Fulbe 746 0 2 
�FuTb·e· 

.. ------74-7:-0 .. -----·--···-- -
2

------

, Fulbe 854 0 1 2 i-.... _._. __ . ____ ._ ......... _ ....... ....: __ ..... ___ ._ ..... 
_ .... __ ."'_ 

l Fulbe 855 ' 1 0 3 
i Fulbe 856 , 1  . ; 2 
!FliTbe

- ·-·----
S66

·
T6

-
-
-- ··- -- --- ·

-
i· · -.. --

fFulbe 869 : 1 . 2 
Me

-- '--
S7

01-1 
----�·----·2---

iFulbe 872 ; 1 ; : 2 • 
:fujbe-···-····

·----�8-73-�·O
-
---- �f-·

-
-T�X-

-
-
·
-

.. 
-· 

1 2 

• A triplication event. 



I Population lID IHpal IAval l 19-BP I 
i Hausa 256 0 2 1· .. ··--_··_--· .. ........... -.. 
! Hausa 
i Hausa " 

Hausa 
i Hausa 
!Wausa'" , ... _._ .. _-- -_._._ .. .. 
i !:l.��.�� .... . 
!!I�.':l.�� . . _ 

I Hausa .. _._ ... .... __ .... . 

i Hausa 

: Hausa 

259 1 
260 0 
26 1 
335 1 
340 0 
528 
529 0 
530 1 
532 1 
534 0 

.M • •••• · ,._ ••• ·._. ' 0 " ,  

535 0 
537 
538 0 
539 

,,- -540 0 

550 1 

o 
1 
o 
o 

" -

1 
o 

1 
o 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 . . 
2 ' ''' "] * ... 

'-- --'-'"-'-'-''''' -''' . 1 2 ·M._ _.__ .. _____ •• 

_ o 2 
[E���� :' .•• . :�. � .�.� 5) . : X :: ' ._ •. : �.-" ': '  . :�� �- " " 

; Hausa 552 0 2 l._. __ ._. __ .... _ .. __ ............... _ . . .. ...... . . . . .. 

l���lIE� . .. ..... .. ��2 . 1 
! Kanuri 706 0 

_.

_
._-_ ......... _ •••••••••• _ •• - - • ._ .. .__ _. M •• ,_ • 

' Kanuri 
. KanurT-' 
: Kanuri .. 

· · -

707 0 
73 1 1 
852 1 

i Kanuri 859 0 
I-KanurT ·- · · · ·- 8 (i1-- '0 ' 
� .... -.--.-.. ...... ... ._ .. -..... ..... ....... - -' 
1 Kanuri . 862 1 �-.-... -......... -.. --.... . . -. ._ ... ....... _ .. 

I Kanuri 863 1 

2 
1 2 

.-.� .- _." ....... . 

1 2 .- --.. --.-. --------. -2 
o 2 

2 
2 

._ • •  k • • ••• _._. _ ... ...... _ 

2 
. . .  _ ••• _ •• _._, •• ___ •• _ •••••• _ •• k • •  " o 2 

2 
_ ............. __ ........... _ ......... .. - ... . ' . .... ...... . .. . ..... . ....... -
: Kanuri 864 0 2 
f"j<anuri" - - 865 0 ' 
iKanuIT ---·-� 867- -'1 
------.----.•..•. __ .. , •..• ' ,, __ ,_,, __ , · __ M'.··. 
I Kanuri 868 1 ri·---·····-·-·-· ······ · ·····-· ····· .... .. -.. - ....... . 
i Kikuyu 27 . 0 
. Kiku-yu -. . - '''34- -'-
,Kikuyu ·- · ····· - ' 66 ···· 0 
��!���iL . . _: : 68 1 
; K ikuyu 94 , 0 
iKlkuyu - '  97 " 1 .. 

fKikuyu " ... 
98 1 

- - --_. _  ... . 
: Kikuyu 1 1 5 0 
��!lC�i.�:.:: : : _  .: 1 �� . .... I .: 
��!�U2!! _ . . .. . .... I �� . . .9 __ 
i Kikuyu 1 39 0 1" --" '-" " " " -'- '" ..... . ... . ... -

-
.-. .. -. 

: Kikuyu 1 40 0 
lKiktiYu'--' - 1 4 1  1 [�i�-'�x.�:·' - - . - i 42 ' 0 -' 
I Kikuyu 1 50 0 

2 
2 
2 
2 
2 
2 
1 
2 ..-.......... " .. " ....... . 
2 
2 
2 
2 
2 
2 

. ...... . ..... . .. .... _ ...... _"._ .. 

2 
2 
2 
2 
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I Population lID I Hpal IAvaI l 19-BP I 
� i�uY� _ . . L ?? . 1 m . .  .. : 9. . . . .�_ .. _ _  . 

Kikuyu 1 56 ' I ; �.. .. .. .. . . .� . . . . . 

Kikuyu 1 65 0 2 
Kikuyu 1 69 2 
Kikuyu 1 70 0 

_ _ _  .�._ _ 
Kikuyu. 1 72 O . . L_ . . _ 
Kik�)'lI 565 0 1 2 
Kikuyu ?66 

... I . . _ _  . .  _ _  .�._ 
Kikuyu 568 1 2 
Kikll)'u .. 572 0 2_ 
Saku)'e 237 ,0 2 
Somali 2 1 3  ' 0 ' -[2 ' -
Somali 222 ' 1 ' 2 
Somali 225 0 2 

.. _ -. 

Somal i 226 1 0 2 
Somali 229 0 

. ... ............. -.-..... - . _  .. 

Somal i 235 0 
Somal i 238 0 
Somali 24 1 0 
Somal i 500 1 
Somali 501 0 
Somali 502 1 
Somali 503 0 
Somali 505 0 
Somali 506 0 
Somali 
Somali 
Somal i 

._. 

'
-'-"-" '- -' 

Somali 
. Somal i 
Somal i 
Somal i 
Somali 
Somali 

.. .-.-. .. -... -.. , .... _ ... 

Somali 
Somali 
Somali 
Somali 
Songhai 
Songhai 
Songha! ._

. 

Songhai 
Son�hai . 
Songhai .". -, . . ' .. -. 

Songha� . . Songhai 
So���ai 
Son��lli 
Tuareg 

507 
508 0 
509 0 .;. -...... . 
5 1 0  ,0 
5 1 1 : 0 
5 1 2  · 0 
5 1 3  , 0 
5 1 4  0 
5 1 5  · 0 
5 1 6  1 0 
5 1 7  0 
5 1 8  . 1 
5 1 9  · 0 
264 
426 1 
427 0 
428 0 
430 
43 1 1 
432 1 
433 0 
434 0 
436 0 
254 

. 1 
1 

1 
o 

. . . .. ...... 

2 
2 
2 
2 
2 
2 
2 
2 

-�-

2 
. ....... ' '." .. ---, ... -., .. _-

2 
2 
2 
2 .--. ..... ------.-.-
2 

. .... _ . .... .. _,..------_. 
2 

. .. . . .... .. ,.-..... , ..... _ ......... ,_ .. 

2 
' 2 
2 

' 2 
2 ".---
2 
2 
2 

. 2 
2 -. 
2 
2 

· 2 
2 
2 
2 
2 

- --r2' - ' 
o 2 
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I Population lID I HpaI IAvaIl 19-BP I 
:!��:¥ .. .. __ _ :?_?_� .... _ 1 2 

Turkana 1 07 . 0 2 
i Turkana - - i'108 ---1-·-- --r- -- - - --· 2 ·- -- - · 
!Turkana· --- - - i"i09 - ;·6

- - - - . : - . . 
2 · ____ ._ ... __ i ____ ... _ .. _�_ .... . ............. : .......... _ .... _ ........... _ ...... _ .... _ ..... . .  _ .  

iTurkana ! 1 1 0 ' 1 2 
. , 
iT��kan

·
a - · TTT i 1'0 2 

:rHurk·ana·····_····· .. -·_··t·ii
"
2
· .. _ .. !..

O
··· .. _ .. H ... ... .......... .. • .... - · ··· .. ••• .. •• . . ·

2
·· · 

; Turkana , 1 1 3 1 
,Turkana i 1 1 4 1 
iT�rkana - -- - iii6 :i . 

2 
2 
2 

:. _______ . ___ ...... _ .. _ ......... __ .¥._ ........ _ ..... _._ ... H._ ..... _ .. _:.. .•• _ ........ _ ..... ... , . .... . 

[ Turkana : 1 1 7 1 2 

I Population 
! Turkana 
I .. ······ · 
: Turkana 
, Turkana 
' Turkana 
: Turkana 
i Turkana 
.... ,.", ..................... __ .............. .... . I Turkana 

; .. .... 

PD IHpaI IAvall 19-BP I 
1 1 8 1 1 2 
1 20 - }  " ;  1 

' 2 - .... 

1 22 1 0 
.- ....... . -.. .... . .... .... . 

1 23 0 
1 27 0 

._ ••• M ••••• • 

1 28 1 
................ . 

1 29 i l 

2 
2 
2 

L!�E����_ .. . _ ... ____ . ��� __ ... L .  ____ ,_. ____ _____ ? _ _ _  . .  _ .  

' Turkana 1 68 1 ' 1 1 
.. ---.. - ........ _ ...... -..... _ .... . 

Turkana 2 
Turkana 

........... .................. ,. 

Turkana 
;Turkana 
Turkana 

205 
209 1 

2 
: j ···· · - ·· · ·--

2 
1 

j o 
2 
2 

�.--.-.... ---.---.--... -.-.. ... -"-'--"'''''''''- .-.. � .................. _.' ... _.-............ _ ..... __ .-_._ ... . -._---_._-

. Turkana 

. Turkana 
, Turkana 

. 2 1 1 ; 0 

2 1 4  0 
...... _ ... . .. M •• 

2 1 8  1 

2 
2 
2 
2 M··········· .. ············_··.·.·· '.... . .." ... _ ... � ... _ .... _ ... _._ .......... ,. . .... . .... . .. . . -...... . 

:_Turkana 
' Yoruba .····M······.· · .. ··•· •• ·_·_ .••. _.· . 

' Yoruba 

243 0 
339 0 
526 . 1 

2 
2 
2 

Yoruba 7 1 7  1 2 
,
. __ •• ________ • _______ 0-__ • ____ .... _. __ . _ ••• _ .... _. __ • ___ ._ •••• _._. __ ._� •• _H ••• _. __ .� ••• 

! Yoruba L ...... 
Yoruba 
Yoruba 
Yoruba 

•• _ ... .. _H .. . ....... _ •• _ ••• •••• 

Yoruba 
: Yoruba 
: Yoruba 
: Yoruba 
Yoruba 

��-...................... _ ........ . 

' Yoruba 
. . .... . ... .. .. .. .  . 

: Yoruba 
; Yoruba 
; Yoruba 
; Yoruba 
......... ... ___ ...... H •••••••• 

i Yoruba I, .. ........................ " .... .. 

, Yoruba 

720 1 1 
748 , 0 2 
749 1 
750 1 

. .. . ..... _ ........ _ ........ ... ... . -

88 1 1 
886 · 1 ..... .......... _ .• .! ...•. H ••• 

888 i 1 

2 
. .. - - ... . 2" .. -...... -.. . , 

2 
, 2 

• .......... _ ....... _ ........ _ •••••• H ••••••• _._ ••••• H. 

, 2 
.. .. - ........ . - .. . , . ..... 

889 1 2 
890 1 2 
89 1 0 I . 2 

. .................. ...... -.. ... -....... --..................... , ." .. ..... . 
892 : 0 i O 2 

. . ..... _ .... _ ....... .... . 

893 ' 1 0 2 
894 0 2 
895 , 0 2 
897 ' 0 I 2 . .... ··'·
8
·
9
·
8 

... . j 
0 

.... ...... -.. . ..... " " '2 ..... . 
899·

·
� ·f

· ·
'

·
;·f · · ' 

' y oruba 900 1 2 
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1 0. 1 0  Population Portraits 

The Networks method is described in Section 6.3 .2. I l lustrated below and on the fol lowing 

page are Network Portraits of two African populations. Nucleot!de position 1 82, and 1 83 

( 1 6 1 82, 1 6 1 83 )  are removed because they are very fast sites. According to the clusters 

assigned in Section 6, the Fulbe below are a composite of Cluster-I (33 .3%), Cluster-I I  

(30.0%), Cluster-III ( 1 8 .3%), and C luster-IV ( 1 8 .3%) clusters. For orientation see the 

Interpopulation Network F igure 1 2 .  

The Turkana network (see next page) contrasts with the Fulbe, by exhibiting very long edges. 

The Turkana are composed of Cluster-I (40.5%), Cluster-III ( 1 0.8%), Cluster-V ( 1 8 .9%) and 

the isolated l ineages (Cluster-VI) (29.7%). 

Fulbe Network Portrait * 223 
The Fulbe individuals are assigned to four of the six African clusters. The Clusters are circled 

and numbered with Roman Numerals. Note Cluster I and II are HpaI negative, all other 

c lusters are HpaI positive. 



':. 

\' � 

� 
\\ 

Turkana Network Portrait * 223, 311  

223 

The Turkana individuals are assigned to four of the six African clusters. The Clusters are 

circled and numbered with Roman Numerals. Note Cluster I is HpaI negative, al l  other clusters 
are HpaI positive. 
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