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ABSTRACT This paper aims to review the contribution of genetic data to 
the prehistory and history of sub-Saharan African peoples. The authors re- 
view briefly paleontologic data, which give limited information about modem 
Homo sapiens sapiens origins and isolation of present African gene pools. 
Most linguistic and archaeological theories about African peoples’ prehistory 
are then confronted with the most informative genetic data available. Rhe- 
sus, Gm, HLA, and DNA data are analyzed. Their frequent haplotypes are 
compared between populations by means of genetic distances and average 
linkage clustering. Despite heterogeneities between the quality and the 
quantity of data provided by different genetic systems, some clear conclusions 
can be drawn. Genetic differentiation clearly parallels the clustering of major 
linguistic families. These families of populations seem genetically homoge- 
neous, suggesting either relatively recent origins or long-term important and 
continuous intragroup migrations. The well-known divergence between the 
historical theories suggested by immunological and DNA data about the 
relationship between Africa and other gene pools is discussed. Decisive con- 
clusions about African origins of modem humans either from fossil or from 
DNA data Seem very premature. An alternative hypothesis issued from 
overall genetic variation is proposed. 

History is clearly the major factor in the genetic differentiation of populations. A 
good interpretation of a continental set of gene frequency data would require infor- 
mation about chronology, effective population sizes, and migration throughout the 
process. Unfortunately, we are usually provided with sc81ce and biased fossil rec- 
ords, doubtful migration models, and purely hypothetical historical demography. 
Moreover, far from research centers, African population genetics has developed in 
an uncoordinated and random manner. Major areas and numerous populations 
remain untested from a genetic point of view, while some residual and atypic 
societies have practically become field laboratories for immunologists. It is not 
necessary to emphasize how hazardous and questionable any attempt at a synthesis 
can be. Nevertheless, it can be useful, at least as a first step toward better planning 
for future fieldwork, to gather complementary though not homogeneous data. In 
order to discern whether present populations may be linked to early African occu- 
pants, we shall consider first Pleistocene paleontological data. Second, information 
concerning the known history and linguistic affinities of present African populations 
will be presented. Third, genetic data coming from classical genetic markers and 
from DNA polymorphisms will be examined. Finally, these data will be analyzed 
together in an attempt to find any cultural link that may help to explain genetic 
interpopulation relationship. 

For many people, Africa is the continent of human origins. We will not try to link 
its present inhabitants to remote origins, although some have made such attempts. 
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The hypothesis of a continuous local human evolution for 2 million years is highly 
questionable and, up to now, cannot be disproved. But most authors admit that  
modern human populations diverged between 500,000 B.P. and 10,000 B.P. We will 
therefore have to take into account information about the last Homo erectus popula- 
tions and about the subsequent Neanderthalian period. This time scale has seen the 
“emergence” of modern humans in a way which is still highly controversial, depend- 
ing on what is considered as H. sapiens sapiens or H.  “presapiens.” The specific 
status of isolated fossils is, of course, arbitrary. Species clustering can be questioned 
even between H. erectus and H. sapiens, which are typologi’cal categories and not 
biologically different species. These considerations are important in our topic since 
a fairly well-known theory about the origin of modern man is that our ancestor first 
appeared in Africa to spread later on in the Old World (Brauer, 1984; Protsch, 1975; 
Trinkaus, 1986). This would explain why Africans cluster separately from others in 
some genetic systems (Cann et  al., 1987; Wainscoat e t  al., 1986). Such a theory 
contradicts previous studies (Cavalli-Sfona and Edwards, 1965; Langaney, 1979, 
1984; Piazza et al., 1981) and deserves discussion, even if the question is still open. 

Another question of interest is the link between populations like those attested by 
archaeology to have existed in the Sahara as early as 40,000 years ago and present 
populations of sub-Saharan Africa. Ancient theories of various origins considered 
Black Africans as recent settlers following others who could be Pygmy or Khoisan 
ancestors. But the tendency now is to be more cautious because there is not much 
evidence supporting this point of view. 

In such matters, we will try to describe the limited facts and mention the common 
hypotheses. But we must keep in mind that alternative models, very often, have not 
been developed. As a n  example, a relatively recent Middle East or Asian origin of 
Black Africans, which fits some immunological data, has not been discussed exten- 
sively as a n  alternative to the “African origin” of H. sapiens sapiens. Furthermore, 
it  is also obvious that  for the last 500,000 years, the choice of a gradual intraspecific 
model or of a punctuated equilibria theory (Langaney, 19841, which is still arbitrary, 
will produce very different interpretations of today’s genetic diversity. 

PALEONTOLOGICAL DATA 
Theories concerning modern human “emergence” 

The location and date of modem man’s origin are still obscure today. Being sure 
that it  is meaningful to determine the exact location where evolution toward a 
modem form of horninids might have taken place, many specialists have proposed a 
European origin for H. sapiens sapiens. The discovery of the first Neanderthals in  
Europe and more numerous European excavation sites have certainly influenced 
them to neglect other theories of origin. 

Chronologically, H. sapiens sapiens succeeds H. sappiens neanderthalensis, which 
can be either “classical” in Europe or “progressive” in the Middle East or “Nean- 
derthaloid” elsewhere. In Africa, for example, several fossils found from Morocco to 
Ethiopia and South Africa share a patchwork of anatomic features which prevent 
them from being attributed clearly to either H. erectus or H. sapiens neanderthalen- 
sis or some primitive H. sapiens sapiens. 

Presently available datings situate Neanderthal disappearance in  Europe around 
34,000 and the H. sapiens sapiens apparition around 32,000 B.P. Over the past 20 
years, African paleontology has revealed the presence of “archaic Rhodesoid” popu- 
lations (African Neanderthaloids) around 40,000-30,000 B.P. Some authors (Brace, 
1964; Tobias, 1961) have concluded that  modern humans originated directly from 
the African H. rhodesiensis, but far later than in Europe. Others have proposed a 
Mediterranean origin of modern Africans (Coon, 1962; Thoma, 1973) or the existence 
of two independent lineages in Africa, one leading to H. sapiens sapiens, the other 
to a “Rhodesoid” population (Leakey, 1953). 

Protach (1975) has enunciated a radically different model. He postulates a unique 
origin for modem humans in sub-Saharan Africa and calls this ancestor H. sapiens 
capensis, a form of H. sapiens. This form would have been present in East Africa a s  
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early as 60.000-50,000 B.P. and would have migrated later further north out of 
Africa. Brauer (1984) also came to the conclusion that modern man appeared only 
once in Africa, but much earlier, between 100,000 and 70,000 B.P. He postulates a 
relatively gradual evolution of H. sapiens in Africa and distinguishes three main 
“grades” between H. erectus and modem H. sapiens sapiens. 

Table 1 presents the main human fossils that were available for analysis to Protsch 
(1975) and Brauer (1984) before they proposed a n  African origin of modern man. 
Figure 1 shows the fossils’ geographical location. One can see that the material is 
very sparse and limited, and thus should be interpreted very cautiously. Other 
problems prevent definitive conclusions to be drawn from fossil records: available 
samples are  too small for any serious statistical study; Brauer’s classification is 
based only on morpholopcal characters, whose interpretation is considerably depen- 
dent on bone preservation. As  far as  dating is concerned, very few estimates are 
directly correlated with the fossils. Many of them have been produced on the basis 
of other chronolopcal elements that were imprecisely associated with human re- 
mains (dating of the corresponding, superior, or inferior layer, or even the associated 
fauna). 

These incertitudes added to sampling problems oblige us to remain doubtful about 
the factual basis of the most common models and hypotheses on modem human 
or ipns  in Africa. 

Theories concerning the apparition of modern human “types” 
The origin of present-day morphologies is quite obscure. Human remains which 

could illustrate it are again rather sparse (Table 2) and allow only vague hypotheses. 
Before enunciating the fossils used for racial interpretations, i t  is necessary to recall 

TABLE 1. The middle and upper Pleistocene horninids from Africa 
(aper Brauer, 1984J 

Date of Dating 
Specimen discovery (ky B.P.) 
North 

1 Mugharet el’Aliya 1939 40-30 
1961 60-40 2 Jebel Irhoud 1.2.3, 

3 Temara 1975 30 
1975 30 4 Dares-Soltan 
1952 471 5 HauaFteah 

6 Rabat 1933 200’ 
7 Sale 1971 400 

1954 500-400 8 Ternifine 1.4 1955 250-200 
9 Sidi Abderraharn 300-200 

10 Thornas Quarries 2 1972 
East 

11 Kaniera 1.5 
12 Singa 
13 OrnolKibish 1 )  
13 Orno lKibish 31 
14 Murnba Rock Shelter 
15 Laetoli [Ngalobal 
16 DireDawa 
17 Ndutu 
18 Bodo 
19 Eyasi 1.3 

Olduvai H11’ 

20 Border Cave 5 
21 Klasies River Mouth 
22 Florisbad 
23 Cave of Hearths 

South 

1932 
1924 
1967 
1967 
1977 
1976 
1933 
1973 
1976 
1935 
1962 

1974 
1968 
1932 
1947 

150-70 
120-80 
130 
37 

130-110’ 
120’ 
80-40 

400-200 
400-300 
120-40? 
300 

115-90‘ 
125-95’ 
125-80 
175-100 

24 Hopefield 1953 600-300 
25 Broken Hill 192 1 200-125 

‘Absolute dattng 
‘Same l a a t i o n  as Olduval s p m m e n  No 13 of Table 2 
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Fig. 1. Geographical location of Pleistocene hominid f m i l s  found in Africa. Specimen numbers refer to 
Tables 1 and 2, where specimen names, dates of discovery. and dating8 are indicated. 

two prevalent theories relative to the emergence of modern “races.” The first one is 
the polytypic and polycentric hypothesis first described by Coon (19621, and also 
defended by Thoma (1973). According to Coon, modem man was “born” several 
times in different parts of the world. He postulates parallel but Werent  origins of 
the r a w  of modem man. The second hypothesis is monophyletic and monocentric. 
It sees the evolutionary process leading to modem man as unique. Present “races” 
would have diverged aRer the modem form evolved. Two subhypotheses can be 
advanced. Either a present-day race is older and gave birth to the others, or present- 
day races are issued from a vanished ancestral and primitive (sensw stricto) 
population. 

From typological diagnosis of the few fossils presented in Table 2, a lot of authors 
have tried to establish a scenario for human differentiation in Africa. Among them, 
Brauer (1978) sum8 up the latest interpretations. According to him, main African 
morphotypes would have arisen during the late Pleistocene. Black Africans and 
Khoisan groups would have emerged from a common genetic pool around 15,000- 
10,OOO B.P. 

From the few fossils found, Brauer (1978) has hypothesized the following distribu- 
tion of human groups by 11,000 B.P.: 
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TABLE 2. The later Pleistocene horninkis from Africa (apCr Brauer. 1978) 

Date of Dating 
Specimen discovery (ky B.P.) 

North 
1 Columnata 1937 8-f ‘ 
2 Taforalt 1951 11 
3 Afalou.Bou.Rhummel 1928 12’ 

Sahara 
4 lbalaghen 
5 Tin Lalou 
6 Tamanrasset 
7 Tamaya Mellet 
8 Asselar 

9 Iwo  Eleru 

10 Khartoum 
11 Jebel Sahaba 
12 Wadi-Halfa 

13 Olduvai I 
14 Lukenya Hill 
15 Naivasha 
16 Gamble’s Cave 11 
16A Bromhead 
17 lshango 
18 Kangatotha 

19 Boskop 
20  Bushman Rock Shelter 
21 Matjes River Cave 
22 Fish Hwk 
23 Tuinplaas 

24 Mumbwa Cave 
25 Kalemba2 
25 Kalemba5 

West 

Northeast 

East 

South 

’Absolute dating 

1958 
1960 
1964 1-4 
1934 
1927 Mesolithic 

1965 11’ 

1949 7 
1962 14-12 
1972 Mesolithic 

1914 17‘ 

1940 
1927 
1926 71 
1935 7 
1965 51 

1970 18: 

;! 

1913 34 
1969 301 
1930 10-91 
1927 36’ 
1929 Late 

1923 20-18’ 
1971 8-7’ 
1971 5-4.5 

Pleistocene 
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An Afro-Mediterranean stock in North Africa (Columnata, Taforalt, Afalou) and 
East Africa (Gamble’s Cave, Bromhead, Olduvai 1, Naivasha) extending to the 
Great Lakes region. 
A Negroid stock in western Africa Ow0 Eleru), in the Sahara (Asselar and some 
Neolithic sites), in the northeast (Khartum, Jebel Sahaba, Wadi-Halfa), in the east 
(Kangatotha, Lukenya Hill), in Zaire (Ishango), and in South Africa (Bushman 
Rock Shelter). 
A Khoisan stock in southern Africa (Fish Hoek, Matjea River Cave, Mumbwa 
Cave) and eastern Africa covering also Tanzania and Kenya. 

Brauer also observes mixed-type fossils. In Khartum, Jebel Sahaba, and Wadi- 
Alfa, for example, “Europoid” and “Negroid” traits have been noted. A mixture of 
“Europoid” and “Proto-Khoisanoid” is found in Bromhead, and finally, “Khoisa- 
noid” and “Negroid” traits are present in Tuinplaas and Kalemba. 

The location of the fossils seems to duplicate roughly the classic distribution of the 
current major populations. Nevertheless it seems to us that the Urie I$ morphological 
features established subjectively on present-day populations to interpret ancient 
human remains is not judicious. Morphological and metric data are indeed capable 
of relatively rapid change. Such traits represent mostly local adaptations to partic- 
ular environments. Consequently, according to the available data, any schematic 
representation of an ancient population distribution would be highly hypothetical 
and premature. 
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PEOPLING HISrORY OF AFRICA 

A striking feature of studies on present population affinities in Africa is the 
number of different peopling hypotheses that have been formulated on the basis of 
few and unreliable data. The human peopling history of Africa has always initiated 
endless debates. The first theses, appearing in books of the 19th century, tended to 
show that African people had no proper history. In this view, cultural evolution 
would have been dependent on Asian migrations into Africa. This interpretation 
has constituted the frame of the “Hamitic” theory, which has influenced “migration- 
ist” theses for half a century and which is still found in recent studies. 

Without going into the details of the debates which stirred the Africanist world in 
the 19th and 20th centuries, we must mention the very important role that historical 
linguistics played in the elaboration of most archaeological hypotheses. One cannot 
deny that archaeologists have sometimes preferred to interpret their data with a 
linguistic model rather than admit the lack of sufficient archaeologxal research. 
The aim of historical linguistics is to reconstruct the different stages of language 
evolution; so i t  is tempting to correlate it with cultural evolution. 

The first task of historical linguistics is to establish classifications that  link 
languages supposed to have a common origin (genetic classification). Greenberg 
(1963) constructed such a classification for the entire African continent.’ He grouped 
all the languages into four phyla: Niger-Kordofanian, Afroasiatic, Nilo-Saharan, 
and Khoisan (Figs. 2, 3). The main innovations of this genetic classification are the 
following: 

Bantu is not considered to be a distinct language family but is related to Western 
Sudanic. The latter belongs to a greater group called “Niger-Congo” which in- 
cludes also Adamawa-Eastern. Niger-Congo is part of the large Niger-Kordofanian 
family (Fig. 2A). 
The Nilo-Saharan group is formed of six branches: Songhai, Saharan, Maban, 
Fourian, Coman, and Chari-Nile (Eastern and Central Sudanic as well as Kunama 
and Berta) (Fig. 2B). 

B N I L O - S A H A R A N  

p.,.. . I 1  

C A F R O A S I A l l C  

D KHOISAN 

I*no(l.nl 
Fig. 2. The four &can language phyla and their subclassifications (after Greenberg, 1963) 

‘This methodology has been described by Greenberg (1957). 
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Fig 3 Linguistic map now prevailing in Africa. Modified from Greenberg (1963). 

The “Hamito-Semitic” family is reclassified as the Afroasiatic family, which in- 
cludes five branches: Berber, Ancient Egyptian, Semitic, Cushitic, and Chadic 
(Fig. 2C). 
The Khoisan family is divided into three branches: Hadza and Sandawe in Tanza- 
nia, Khoisan in southern Africa (Fig. 2D). 

Greenberg’s proposals, although sometimes questioned, are generally accepted 
and we shall use his classification in this paper. 

Beyond classification, linguistics has designed a set of methods to reconstruct the 
steps of language differentiation (see Gregersen, 1977, pp. 75-80, for a List of the 
methods). The underlying principle of these reconstructions is that  the alterations 
affecting the languages during their evolution are universal. The task of the linguist 
is to identify the laws governing these modifications, to establish their relative 
chronology, and finally to reconstruct a hypothetical ancestral language (protolan- 
guage). The main problem of historical linguistics is to provide “absolute” datings. 
This constitutes the aim of glottochronology, a method developed by Swadesh (1952). 
He postulated that the basic vocabulary is replaced at  a constant rate. From the 
study of a dozen languages (most of them being Indo-European), he deduced that  
20% of the basic vocabulary, whatever the language, is replaced every 1,000 years. 
This glottochronologcal method has been the subject of great cofitroversy (see 
Bergland and V o g ,  1962; and Hymes, 1960, for the pros and coni), causing its 
datings to be more generally considered as rough estimates. 

East Africa 

With regard to ethnic and linguistic contacts, East Africa has played a very 
important role. Representatives of Africa’s four major language families can be 
found there: Niger-Congo, Khoisan, Nilo-Saharan, and Afroasiatic. The history of 
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contacts between these different populations is not yet well understood, no model 
being favored unanimously. Nevertheless, we are going to survey the main hy- 
potheses concerning the peopling of East Africa, focusing here on Afroasiatic and 
Nilo-Saharan, the two other families being studied elsewhere in this paper. 

Afroasiatic is the only family which is not exclusively African. Besides Berber, 
ancient Egyptian, Cushitic, and Chadic, it also includes Semitic, widely spread over 
the Middle East and the Arabic peninsula. Fleming (1976) and Ehret (1979) have 
suggested a time depth for the relationships within Afroasiatic of the order of 15,000 
years, and Ehret (1979) locates their origin inland from the Red Sea, somewhere 
between Sudan and Ethiopia. The protovocabulary of subsistence seems to indicate 
that  the ancient Afroasiatic communities had a way of life based on the intensive 
use of seeds and that  this advantage would have enabled them to settle in the East 
African Horn, in the Sahara, in North Africa, and in the Middle East. 

The Nilo-Saharan language family is widely spread in the High Nile Valley, i n  
the oriental parts of Sahara and Sudan. The Songhai, on the Niger River, is its most 
occidental representative. This wide repartition i;cited Sutton (1974) to correlate 
the expansion of the Nilo-Saharan to the aquatic civilization” 8,000-10,000 years 
ago. At that  time, the climate was much more humid and the lakes much more 
numerous. A mode of life based on fishing spread in a region extending from the 
Atlantic Ocean to the Nile basin. David (1982) deplores the use of the word “civili- 
zation” to designate what was only a variable technocomplex, and Phillipson (1977) 
nueeests that the aauatic tradition would have been more likely to spread toward v - - - - -  ~ 

- _  
the alreadyestablisfied NiloSaharans. 

In East Africa, available genetic data concern mainly speakers of Cushite (Afro- 
asiatic) and Nilote (NiloSaharan) languages. The question of their establishment in 
the region of the Great Lakes is usually connected with the introduction of domesti- 
cation. Linguistic history (Ehret, 1974) shows the entrance of two food-producing 
po ulations in the highlands of East Africa before the arrival of the Bantu. The 
regt ive seouence of the wDulation movements would then be as follows (Ambrose, - - __  -. . - 
1984; af terkhret ,  1971, i974): 

A Southern Cushitic-speaking population, with domestic stock and 
possibly a knowledge of agriculture, entered northern Kenya around the 
fifth millennium B.P. By the third or possibly as early as the fourth 
millennium B.P., Southern Cushites spread into central Kenya and 
northern Tanzania. At a later date, a population probably located near 
the wmmon border between Sudan, Uganda, Kenya and Ethiopia, and 
speaking a Southern Nilotic language, moved to the South into the 
western highlands and Rift Valley regions of Kenya. They arrived in 
western Kenya shortly before the introduction of iron into East Africa. 
The Southern Nilotes kept domestic stock and may have cultivated 
sorghum and finger millet. 

The Eastern (Masai’, Turkana, Jie, etc.) and the Western CLuo, Nuer) Nilotes 
constitute the majority of the Sudanese, Kenyan, and North Tanzanian Nilotes. 
Their establishment in  the southern regions occuned only recently, throughout the 
second millennium A.D., and they assimilated the former Nilotes (Sutton, 1980). 

It  would be futile to mention here all the attempts made by archaeologists to 
associate the arrival of linguistic groups with particular traditions (see Ambrose, 
1982, 1984; David, 1982; Lynch and Robbins, 1979; Phillipson, 1977; Sutton, 1980; 
Vossen, 1982). The exact sequence of the cultures which have developed in East 
Africa is not wellenou h documented and its interpretation differs from one author 
to the other. Meanwhife, it is worthwhile to point out a fact which seems accepted 
unanimously: the existence, before the coming of the Bantu, of close and extended 
contacts between some Cushitic and Nilotic populations in the Great Lakes region. 

West Afiica 
West Africa, from a linguistic point of view, is quite homogeneous. The majority of 

its languages belon to the same famil : the Niger-Congo (see Fig. 3). In this phylum, 
we can distinguish f our West African Tanguage groups (Greenberg, 1980): 
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Mande, very unlike the others. is divided into two branches: North Western Mande 
(Kpelle. Soninke. Loma. Bambara. etc.) and South Eastern Mande (Mano, Bisa, 
Samo, etc.). 
West Atlantic IS clearly divided i n  two branches by a Mande incursion: North 
Western Atlantic (Fula. Serere, WolofT, Bassari. Bedik, etc.) and South Western 
Atlantic (Temne. Limba. etc). 
Gur or Voltaic (Dogon, Senoufo, etc.). 
Kwa (Kru, Ewe, Akan. Yoruba. Ebo, Ibo. etc.). 

In West Africa, with the exception of classification, linguistic research is just 
beginning. This is particularly true i n  the area of historical reconstruction. Actually, 
there is no general model describing the or ipn and expansion of the different 
families. The only indications that we have concern the differentiation period of 
proto Niger-Congo. estimated around 8,000 B.P. (Ehret, 1984; Greenberg, 1964). 
Some authors express the idea that the Mande branch was the first to separate from 
proto-Niger-Congo (Welmers. 1973). The homeland of proto-Niger-Congo has not yet 
been located, but Ehret (1984) suggested that around the seventh or sixth millen- 
nium B.P., Niger-Congo-speaking people already lived in most of the regions of West 
Africa that are presently inhabited by speakers of this phylum. Painter (1966) 
suggested that Niger-Congo language differentiation may be correlated with deser- 
tification of the Sahara, which would have triggered migrations from the Sahel to 
the south. 

Several authors agree in situating these migrations around the fifth millennium 
B.P. (Cornevin, 1982; McIntosh and McIntosh, 1983; Shaw, 1980). The most common 
model suggests that most of the nomadic herders followed the recession of the great 
rivers toward the south, while others searched for refuge in the Sahara central 
highlands. Even if it is generally admitted that there were migrations from the 
Sahel to the south, opinions diverge over the impact they had on older hunter- 
gatherer populations living in western Africa. We do not know the nature nor the 
size of the migrant populations. The Saharan rock paintings, showing light- and 
dark-skinned people, are  the only indications we have. 

Archaeologic studies have brought little information on the origin and the aflini- 
ties of the present-day populations. Lack of West African data is due to relative 
delay in investigation in that region and also to the poor preservation conditions 
encountered in the tropical forest. 

Central and southern Africa 
The less numerous, but historically very important, people of southern Africa are 

the Khoisan. Greenberg (1963) classifies the Khoisan language family with three 
branches. The first one covers language with clicks now spoken in southern Africa 
by around 100,000 San (Bushmen). Khoi (Hottentots), and Dama. The two others, 
Hadza and Sandawe, are located further north, in Tanzania. Some authors (Kohler, 
1975; Tucker, 1967) do not completely agree with Greenberg’s &iliation of Hadza, 
but generally these two groups of hunter-gatherers are considered as being the 
remnants of a n  ancient eastern African Khoisan peopling. Rock paintings having 
several similarities in style and technique with those of southern Africa have been 
discovered on the territory of these groups. Moreover, the tools that have also been 
found seem to have been cut following the same methods as those attributed to the 
Khoisan of southern Africa. .. 

On the cultural level, two groups of Khoisan may be distinguished: the hunter- 
gatherer San and the pastoral Khoi. Recent discoveries in southern Africa have 
overthrown old theories of the Khoisan peopling. Indeed, several excavations have 
revealed the existence of domestic animals and pottery associated with stone tools 
dating from the beginning of the first millennium A.D. Mlein, 1984; Sandelowsky et 
al., 19791, or perhaps even from 2,100 B.P. (Walker, 1983). Study of the fauna 
indicates that  the ancestral wild forms of domesticated stocks did not previously 
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exist in southern Africa. Domestication in this part of the continent was known by 
Late Stone Age (LSA) populations before the arrival of Early Iron Age (EM) Bantu 
and not after, as has been presumed. There are still several problems to be solved- 
for example, the source of the domestic strains, the people involved, and the routes 
of probable migrations. Many possible scenarios ensue. One of them is that hunter- 
gatherer populations of East Africa could have learned domestication from regional 
pastoral populations (Nilotes, Cushites?) 2,000 or 3,000 years ago. Then, they would 
have moved to southern Africa, meeting the local hunter-gatherers (Denbow, 1986; 
Denbow and Campbell, 1986; Denbow and Wilmsen, 1986). 

Meanwhile, Ehret (1973, 1982a, 1984) suggests another model. It is based on the 
fact that  words referring to herding have been borrowed from the Central Sudanic 
linguistic group, now located essentially in southern Sudan, the Central African 
Republic, and northern Zaire. A few Khoisan communities (the ancestors of Cape 
Khoi and Kwadi) could have acquired knowledge of domestication in a region located 
around northern Botswana before moving to the Atlantic Ocean and the Cape. Ehret 
(1982a) suggests that  Central Sudanic populations extended as far as Zambia 2,000 
years ago. But, as he emphasizes himself, the Central Sudanic vocabulary used in 
Khoisan languages is very limited. This could suggest either a short contact period 
or a n  indirect transmission by other populations. None of the different hypotheses 
can be favored over any other to date. 

Bantu (Benue-Congo)-speaking people, with more than 100 million locutors, con- 
stitute the most important demographic group of Africa. In spite of many Bantu 
languages, one observes a quite marked linguistic homogeneity among this group, 
suggesting a recent differentiation. This homogeneity is found neither in the physi- 
cal nor in  the cultural traits. However, some authors did speak of a Bantu society 
and of a Bantu race, falsifying the debate on language differentiation. Hypotheses 
have been built in order to explain the very large repartition of these quite similar 
Bantu languages. They have often used the concept of a single Bantu people occu- 
pying progressively all the southern part of the African continent from a single 
region. Models describing Bantu migration routes are as numerous as  they are 
different. In the frame of this article, it is not possible to enumerate them all (see, 
for linguistic studies, Bastin et al., 1983; Ehret, 1973, 1982b; Greenberg, 1972; 
Guthrie, 1962; Heine, 1973; Nurse, 1982; and for archaeological studies, David, 1980; 
de Maret, 1985; Huffman, 1970; Inskeep, 1976; Phillipson, 1975, 1977; Soper, 1971, 
1982; Vansina, 1984). Nevertheless, one can distinguish some general lines accepted 
by the majority of linguists and archaeologists: 

Proto-Bantu speakers would have lived in the Middle-Benue Valley between Ni- 
geria and Cameroon (between 5,000 and 3,000 B.P., depending on the authors) 
and, from there, would have spread in subSaharan Africa. 
The classification of Bantu languages differentiates the Western from the Eastern 
Bantu. 
The close similarity of Eastern languages to each other suggests a relatively recent 
and rapid expansion (in comparison with Western languages). 
The people the Bantu encountered in the equatorial forest were the Pygmies and 
in southern Africa, the Khoisan. 
In East Africa, the Bantu were probably in competition with Nilotes, and probably 
Cushites, but the nature and the exact location of the contacts are not known. 

For dating the different steps, hopes have turned to archaeology in order to find, 
buried in  the soil, the trace of Bantu expansion. The most generally admitted 
hypothesis was that metallurgy in eastern, central, and southern Africa came after 
Bantu expansion. However, facts connecting metallurgy diffusion to Bantu expan- 
sion are now disputed. The previous theory was built on the discovery of a 25th. 
century B.P. iron-working site w o k  culture) in Taruga (Nigeria), situated very near 
the presumed original Bantu site. This is contrast with a n  absence of metallugY 
the subequatorial region before our era. Thus, it was deduced that  diffusion OrlP 
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nated in Nigeria and spread toward eastern and southern Africa. More recent 
findings have shown that iron working was known a t  the same period, or even 
earlier, in the interlacustrine repon in East Africa N a n  Grunderbeek et al., 1983). 
Comparative linguistic studies (de Maret and Nsuka, 1977) also challenge the idea 
that proto-Bantu knew metallurgy before their expansion. In consequence, newer 
hypotheses suggest that in their first expansion the early Bantu did not possess iron 
technology. The currently favored model is Nansina. 1984) that as early as the 
fourth millenium B.P., the Bantu penetrated the rainforest as  yam-growers with 
Neolithic tools. 

One can see that  attempts to connect Bantu language expansion to the diffusion 
of some cultural traits, such as metallurgy, have not succeeded. The failure comes 
from the lack of data but also from the fact that the hypothesis stating that  all 
subequatorial African colonization was done by a single population may be erro- 
neous. Few authors have assumed the existence of populations other than Pygmies 
and Khoisan before the advance of Bantu speakers. Lwanga-Lunyiigo (1976) sug- 
gests “that the Negroes or their forebears were widespread from early times and did 
not come from one small region.” This hypothesis has still to be proved like others, 
because the poor quality of fossils in the area does not allow arguments for or 
against this thesis (see theories concerning the emergence of different human types 
in Africa above). On the other hand, the notion of a single population expansion 
cannot be abandoned because no other language is spoken in subequatorial Africa. 
The Pygmies, for example, surely once lived in the whole equatorial forest, although 
their original language has not persisted. 

GENETIC POLYMORPHISMS IN AFRICA 
Genetic markers and available data 

Population geneticists interested in population settlement history have few data 
a t  their disposal. These were not collected for such purposes and are poorly suited 
for genetic affinity calculations between populations. Most of the presently known 
genetic markers have been studied for medical reasons. Thus they are rarely ob- 
tained in sampling designs that fit perfectly with population genetics constraints. 

A population history study, using genetic markers, supposes that the populations 
involved have had a relatively stable history since their common hypothetical origin. 
The resulting differences found should mainly reflect mechanisms based on migra- 
tions, mutations, and genetic drift. I t  is worth noting that one of the important 
components of evolution such as  selection presents obstacles to historicogeneticists. 

What are the characteristics of genetic markers that render them efficient in 
telling population history? If we are interested in a global study of possible links 
between a great number of populations, it is important to use regular phenotype 
systems, typed in most populations. Markers should not be under strong selection, 
in order to avoid adaptive con\fergence. or divergence from differential selective 
pressures on populations l iving i n  dissimilar environments. The markers must also 
be informative in allowing tho characterization of each population in contrast with 
the others. One would prefer genetic systems having a great number of different 
alleles or haplotypes rather than less polymorphic systems, but, on the other hand, 
low-haplotype frequencies cannot be estimated with sufficient precision. These con- 
tradictory constraints make the systems having intermediate numbers of common 
haplotypes the most informative. There must exist no ambiguity in the definition of 
the marker, its characterization, and its typing. One must be sure that a clearly 
defined marker is the same i n  every population under study. I t  is imperative to 
differentiate between identity and isoaction. Unfortunately, this criterion may not 
be realistic presently as  most allelic identification techniques are indirect. Further- 
more, current DNA polymorphisms are ambiguous when not based on direct se- 
quencing techniques. Finally. the typing should not be too costly if one hopes to 
carry out a valuable study on a great scale. 

One can easily realize that these criteria are not satisfied and that the ideal 
marker does not really exist. Actually, every marker at  our disposal has some 
disadvantages; that’s why it is wise to use not only one but several. 
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Making a good choice of population also raises some practical problems. In fact, it 
is completely determined by the amount and the quality of available data. First of 
all, it is worth noting that  many reports concern populations which are not represen- 
tative of the largest African groups. Khoisan, for example, have been studied 
extensively (Botha et  al., 1972; Jenkins, 1972; Jenkins et  al., 1970; Nurse et al., 
1975; Steinberg et  al., 1975; Weiner and Zoutendyk, 1959; Zoutendyk et  al., 1953, 
19551, because their particular way of life engenders great interest. Nevertheless, 
their genetic characteristics may permit us to learn a lot about their likely isolation 
from other Black African populations or their different origm. 

Extensive data, which could give us a deep insight into African genetics and 
furthermore into the origins and migrations of African peoples, are often missing. 
DNA polymorphism and HLA data overviews show how limited our investigation 
can be. For example, only a single study has reported HLA gene frequencies in West 
Africa (Woimant et  al., 1980); only one has done so for East Africa (Spees et al., 
1975). The numerous Bantu nations are  represented by only a few small or hetero- 
geneous samples (Festenstein et al., 1972; Govaerts et al., 1972), in contrast to six 
studies on Khoisanoid populations (Botha et al., 1972; Nurse et al., 1975). Such 
limitations prevent us  not only from realizing a complete overview of the genic 
frequency variations inside Africa for a single system, like HLA, but also from 
combining the existing data from many systems to get a unique genetic distance 
picture of the whole continent. Each system will thus be studied separately, and the 
set of results, together with linguistic information, will then be compared. 

Data of good quality are all the more precious because large populations are poorly 
represented. Unfortunately, we must add that  samples are often not representative 
for a given population, as they are sometimes defined with a linguistic connotation 
that  is too general-for example, "Bantu" (Festenstein et al., 1972). Gene frequencies 
obtained from such samples are not proper to any of the studied populations, whose 
linguistic affinities do not necessarily imply strong genetic similarities. If even a 
single one of these ethnic groups were genetically particular, the calculated frequen- 
cies would lose any meaning. Logically, each of them should be taken separately, 
but sample sizes would become far too small to be statistically significant. Fusing 
populations, which do not belong to the same linguistic family, is evidently not of 
great use for a n  historicogeneticist as they likely do not share the same history. 

Other limitations which frequently occur concern sample sizes. In samples that 
are  very small (all too common), only the highest gene frequencies are correctly 
estimated, while rare genes are often not even detected. On the other hand, large 
samples may be inconsistently defined. "Mixed population," "donors," "patients," 
"students," "aged 50," "males," "controls," or "recruits," as unique characteriza- 
tions of the samples, render them, a priori, ethnically heterogeneous. They cannot 
be integrated in a study whose aim is to discover the possible origin of each 
population. 

Finally, a lot of data are statistically refutable when recomputed by standard 
maximum likelihood programs. Antigen typing errors seem to be responsible for 
underestimated phenotypic frequencies as revealed by the usual chi-square tests, 
especially for the Rhesus system. Such data cannot be used unless careful correction, 
based on precise typing hypotheses, are  made when no other equivalent sample is 
available (Sanchez-Mazas, 1985). 

All these problems considerably restrict the amount of data actually computable. 
The samples we have finally chosen (listed in  the appendix and geographically 
localized on Fig. 4) satisfy conditions of sue ,  ethnic homogeneity, and antigen typing. 
For each one, we have recomputed gene frequencies from published phenotypic 
distributions by means of a standard maximum likelihood program. Samples for 
which chi-square values were significant have been rejected. We have also defined 
the linguistic family of the ethnic groups, as well as their size, when some estima- 
tions were available. Focusing on historical genetics, we decided to exclude systems 
that were not sfliciently informative, as well as those in  which frequency distribu- 
tions seem to be selected, and those for which too few or too small samples were 
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Fig 4 
North African samples are also shown 

Geographical location of dll sub Saharan populatlons studied in this paper The most important 

available. The betaA-globin gene cluster and mitochondria1 DNA polymorphisms, 
for example, have not been studied with a sufficient number of samples to estimate 
African diversity. The sample sizes in these studies were also too small to obtain 
reliable estimates of gene frequencies. These two systems may give only limited 
indications of the relations of some African population with some other populations 
in the world. 

Genetic distance a n d  data representation 

To preserve some biologcal meaning of similarity measurements and avoid ran- 
dom fluctuations of distance estimations, caused by the lowest genic frequencies, we 
will compare frequency distributions by means of the percentage of isoactive genes, 
or P, shared by two populations, according to 

m 
ZP = kzi min(f,k,f,k).100 .. 

where f,k and f jk  are the kth frequencies observed in populations i and;, respectively, 
in a gene distribution defined by rn elements (Sanchez-Mazas et  al., 1986). The 
formula can be generalized to a set of n populations, according to 
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The complement to 1 of ZP/,m is a mathematical distance (Gregorius, 1978) whose 
equivalent formula 

m 

DU = 1/2kz1 If* - f j k (  

is close to the mean character differerne distance coefficient first described by Cain 
and Harrison (1958). This metric distance can be used for principal coordinate 
analysis (Gower, 1966) and dendrogram construction. The average linkage method 
seems to be the most appropriate clustering procedure Wilmink and Uytterschaut, 
1984), as it is not dependent (like minimum and maximum linkage methods) on 
extreme frequency distributions found in some populations. Moreover, it does not 
require average gene frequency calculations (as in the centroid linkage procedure), 
which would have no real biological meaning. Principal coordinate analysis has 
been shown to be equivalent to principalcomponent analysis of produd-moment 
correlation coefficients (Gower, 1967). The main difference resides in the fact that 
principal coordinate analysis is referred to as a “Q’ technique, which is here a study 
of similarity between pairs of populations, whereas principal component analysis is 
an “R’ technique, which would study similarities between pairs of population 
characteristics. 

Rhesw system 
System definition 

The Rhesus system is mainly known for its clinical importance, as it is responsible 
for haemolytic disease in newborns. The antigen D implied in this foetomaternal 
incompatibility is located on the erythrocyte surface, as are other numerous Rh 
specificities. Antigens C, c, E, and e are the best known, but more than 15 have been 
defined, which render the Rhesus system very complex. Rhesus antigens can be 
detected by means of hemoagglutination tests, specific Sera being isolated from the 
blood of multiparous women or polytransfused individuals. Such tests lead to phe- 
notypic panels which, at a population level, allow the estimation of the correspond- 
ing Rhesus gene, or haplotype, frequencies. 

Rhesus genes have been localized on the distal portion of the short arm of chro- 
mosome 1 (Marsh et al., 1974; Ruddle et al., 1972). Two theories have been proposed 
for its molecular structure. According to Fisher (19441, the Rhesus system includes 
three loci, D, C, and E, having alleles D and d (the latter being recessive), C and c 
(codominants), E and e (also codominants), respectively. Wiener (19431, on the con- 
trary, considered one single locus having pleiotropic effects. These two theories gave 
the two usual nomenclatures. Both models can be considered as equivalents in our 
work, since they do not influence the interpretation of phenotypic observations. We 
will thus use the two nomenclatures simultaneously. Actually, Fisher’s three loci 
are closely linked, and the resulting haplotypes follow a one-locus Mendelian trans- 
mission. Only one crossing-over event has been observed, though with some reser- 
vations (Steinberg, 1965). These rare recombination events, however, may be 
responsible for different haplotype origins in the human species, as suggested by 
Fisher (1947, 1953) and Fisher and Race (1946). The three most common European 
haplotypes, R’(CDe), R%DJ“), and rtcde), could have given the less frequent r’ (Cdef. 
r”(cdE), Ro(cOe), and IP (0 by single crwing-over. The order of loci would then 
be DCE. The Fy(CdE) haplotype would have required two recombination events from 
the original ones to appear. This would explain its extreme rarity in actual popula- 
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tions. A complementary molecular model involving an operon regulative structure 
has since been proposed (Rosedield et al., 1973). 

Methodological constraints 
Rhesus gene frequency estimations face precise antigen typing problems, added to 

the usual difficulties such as blood transport and its preservation from haemolysis. 
Antigen e, for example, often Seems difficult to detect, as attested by statistical 
incoherencies in phenotypic distribution analyses, when some [El phenotypes appear 
to be overrepresented in comparison with their corresponding combination [Eel. 
Many population samples have to be rejected when evidence for typing error arises 
from usual test procedures (Sanchez-Mazas, 1985). Incorrect antigen identifications 
(like D”, see below), poor estimations, and the limited number of studies of rare 
variant fre uencies also oblige us to consider only the seven well-known haplotypes 
R’(CDe), R%cDE), Ro(cDe), RYCDE), r (cde),r‘(Cde), and r”(cdE). 

D” problem 
Unusual features found in the reactivity of some samples, when immunological 

tests were performed with anti-D sera, resulted in an official specification D” for 
those samples which reacted with some anti-D but not all (Stratton, 1946). It first 
seemed that there was a new specificity or allele at the D locus, but now D” is 
considered to be a result of some position effect (Ceppellini et al., 1955). In other 
words, the problem is far from being solved, and the degrees of reactions between 
different D” can be so different from one sample to another that it is wiser not to 
attempt interpopulation D“ frequency comparisons. Phenotypes including D” (found 
in a lot of Black African populations) are either neglected or added to their equiva- 
lents including only D or d. Neglecting them would inevitably introduce a bias in 
the statistical estimations. As some anti-D sera react with D” blood samples, we 
cannot consider that there is a recessive allele at this locus as long as the position 
effects are not completely elucidated. It is for these reasons that we have pooled D” 
phenotypes with their D-positive equivalents. 

Rhesus genes in the world and African features 
A common feature of all Black African populations is the very high frequency of 

the Ro(cDe) haplotype, which is not at all or only weakly present in other parts of 
the world. R’(CDe) frequencies are generally low compared to the other populations 
of the world, and even fall to zero in some groups. The r(cde) gene is common in 
North Africans, Europeans, Near-Easterners, and Indians, whereas it is generally 
absent in Asiatics, Oceanians, and Amerindians. Low frequencies are found for 
R2(cDE) and r’(Cde). Finally, r”(cdE) and RqCDE, appear only exceptionally. 

North Africans and Berbers are similar to Europeans and Near-Easterners accord- 
ing to most genetic systems (particularly Rhesus, Gm, and HLA). We did not include 
them in our study, as their past has to be related to “Caucasoid”2 settlement history. 

Rhesus genes in subSaharan Africa: ethnic differences 
Figure 5 shows, on the left side, a dendrogram with 30 Black African populations, 

constructed according to the Rhesus frequencies represented on the right side. 
Figure 6 represents most of the good samples found in the literature concerning the 
Rhesus system in Africa. It must be regarded as complementary to the dendropam, 
which is less precise for detailed clusterings. 

.. 
‘“Caucasoid” (like “Negroid” and “Mongoloid”l IS an obselete term which ued  to refer to the traditional “races” 

formerly baaed on morphological characters and skin color studies. Because no other word can designate at the same 
time North African. European, Near-Eastern. and Indian populations. which are genetically e l m .  we will tine ”Cauu- 
soid” throughout thia study to name the whole of them. But this has to be interpreted carefully. By oppit ion.  “Black 
Africans” means all African populations not belonging to the Caucasoid group. I e , all but North AfriuN. “African 
Blacks’’ will not be used. as it emphasizes the skin color similarity with other black populations of the world (for 
example. Melanesians), which i. not suitable in our genetic study. 
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Fig. 5. Rhesus haplotype trequenciea (cumulated) in 30 8ub-Saharan African populations (right side). 
Sample size are indicated in h n t  of ethnic names. General linguistic families of the samples are 
mentioned with the following mymbols: A: Afroaaiatic; A: Nilo-Saharan; 0: Bantu and Adamawa. 
Eastern; 0:  "West African" (Kws + West Atlantic + Mandb); *: Khoisanoid; 0: "Pygmy." The dendro 
gram is constructed according to the average linkage procedure and  use^ 1 - pP/lOO distances OeR side). 
A permutation procedure lowerr the nlm ddirtnnees between neighboring populations without modifying 
the dendrogram structure (SaneheZ-Mauur et al., 1986). The proportionality of these distances is also 
~ n ~ e ~ e d  on the vertical axis. 

0 
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Genic frequency differences inside Africa can be evaluated according to three 
genes or haplotypes: ~ ( C o e ) ,  R'(CDe), and dcde). The other genes always show low 
frequencies throughout the continent, which neither vary enough to raise particular 
features nor are sufficiently precisely estimated, due to small sample sizes. 
Two main sets of populations can first be distinguished in Africa. Eastern ethnics 

belonging mainly to the Cushite linguistic family possess Rhesus frequencies close 
to Caucasoids, which make them appear as an intermediate group between the 
latter and Black Africans (top cluster of Fig. 5). Most other Black African popula- 
tions, except the San, Khoi, and to a certain degree Pygmies, share more homoge- 
neous distributions. Low R'(CDe) frequencies never exceeding 0.15, very high R%dle) 
frequencies between 0.55 and 0.80, and middle-ranged r(cde) frequencies character- 
ize a West-South cluster consisting of all Bantu subfamilies and West Atlantic, Kwa, 
Mande, NiloSaharan, and Chadic populations. 

A rather clear distinction may further be made between Bantu and West Africans. 
As a matter of fact, they seem to form two overlapping but  different clusters. This is 
especially evident in the principal coordinate analysis Fig. 6). Turning to the gene 
frequency schema, one can discern higher dcde) frequencies in most West popula- 
tions and lower ones in most southern ethnics composing Bantu  tribe^.^ At first 

'Haplotype fmqwncieo d fp the Karanga, lbhny!h, Ndebele. .nd k u r u  are thm computed by Lowe (1969). 
Fhqwmiu eomputd Imm publubd phenotrpic dbtnbution give such u n \ u d  velua for Black AfricaM that we 
preferred not to u e  them. 

r--.. KHOISAN I * 8 A W ~  ".,,/ 

--.. L rnm mainly ._.. 
BANTUb) 

--.. L rnm mainly ._.. 
BANTUb) 1 KHOISANOIDSI*) 
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Fig. 6. Principal coordinate analysis for 53 sub-Saharan African populations. using 1 - 2P/100 distances 
computed from Rheaus haplotype frequencies. General linguistic families of the samples are mentioned 
with the following symbols: A :  Afroasiatic; A :  NiloSaharan; 0: Bantu and Adamawa-Eaatern; 0: "Weat 
African" (Kwa + West Atlantic + Mande); +: Khoisanoid: 3: "Pygmy." Mbugu linguistic affinity is not 
clear, as two identically named populations exist. 

sight, these genetic differences seem to be related to the geographical location of the 
populations (see Fig. 4). Whether they are more likely to be linguistic divisions will 
be discussed when more detailed comparisons are done (see below). 

Concerning East Africans, the genetic data support quite clearly the main ethnic 
groupings defined by the linguistic approach. All genetically well-differentiated East 
Africans belong to the Cushite and Ethiosemite linguistic families. Nilotes (Dinka, 
Nuer, and Shilluk) as well as Central Sudanic Sara and Kunama (all belonging to 
Nilo-Saharan families) are quite distinct. The former are more closely related to the 
Bantu and the latter two are integrated in the western cluster. 

Genetic results also completely concur with two other specific ethnic distinctions 
inside Africa, commonly known as Pygmies and Khoisan. In Figures 5 and 6, 
Pygmies (Babinga) are situated opposite the Cushite and Ethiosemite cluster and 
emerge from the Bantu cluster, as they have the highest @(cDe) frequency (0.83) 
and the lowest R'(CDe) values (as an absence of this gene is not certain). The Nilotic 
Dinka and Nuer (genetically similar) come unexpectedly close to Babinga. 

Khoisan are genetically linked to West and South African populations, due to 
their high @ frequencies. They are nevertheless somewhat particular, showing high 
R' frequencies like Afroasiatics and strikingly low r (cde) frequencies. Their fre- 
quency distribution is consequently quite uncommon and makes them constitute a 
very differentiated cluster. Other "Khoisanoid" populations like Ll@ma, Sandawe, 
and Hadza, on the contrary, possess common Bantu frequencies. 

In some cases, genetic and linguistic subdivisions (and also geographical location) 
seem not to coincide if we refer to the main groups that we have just distinguished. 
However, they are interesting enough to be emphasized, as it will be possible to 
make some hypotheses about their history considering both their linguistic and 
genetic characteristics (see Discussion). These peculiar populations are Fulbe (Fulani 
or Peul), whose frequencies are similar to Cushite and Ethiosemite. and also to the 
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Ewe and Ashanti from Ghana; Tutsi, who are also connected to this eastern cluster 
in  spite of their southern localization and Bantu language; and Hima, genetically 
far from their linguistic Bantu family and from the NibSaharan  populations, 
although these latter show an important genetic heterogeneity. 

Gm system 
System definition 

The Gm system describes a polymorphism of gamma-immunoglobulins (I&). IgCs 
are constituted of four polypeptide chains, two heavy and two light chains, linked 
by disulfide bridges. The variable parts of these seric proteins play a role in recog- 
nition reactions of foreign molecules. One may distinguish many specificities of IgG 
thanks to the antigenic properties of the constant parts of their heavy chains. These 
antigenic structures or allotypes are revealed with sera possessing specific antibod- 
ies directed against them. More than 20 different Gm allotypes have already been 
discovered. 

IgG may be further divided into four subclasses or isotypes [IgCXl), IgG(21, IgCX3), 
and Igc(4)], each individual having all of them. The allotypes are not carried 
indifferently by any  isotypes. Clear associations have been found between allotypes 
and isotypes. Table 3 shows this association and the correspondence between the 
numeric and alphanumeric nomenclatures commonly used. 

The serum of an individual is tested for a series of allotypes. The combination of 
positive allotypes defines the Gm phenotype of this individual. From the phenotypic 
distribution found in a population assumed to be in Hardy-Weinberg equilibrium, 
one can estimate the presence of Gm haplotypes and their frequency. 

At the DNA level, the  Merent classes and subclasses of the constant parts of 
heavychain (I&€€) genes are clustered on chromosome 14 (Ellison and Hood, 1982; 
Flanagan and Rabbits, 1982; Kirsh et al., 1982). IgGCH genes all have three exons 
(CHI, CH2, CH3) and a smaller hinge region between C H l  and CH2. Allotypic Gm 
markers are located on CHI ,  CH2, or CH3 exons of gamma 1, gamma 2, and gamma 
3 genes. No allotype has been yet recognized on gamma 4. Knowledge of the 
molecular structure of this cluster has provided a n  explanation of some Gm haplo- 
type occurrences obtained either by single-point mutation or recombination between 
frequent haplotypes (Helal et al., 1981; Lefranc et  al., 1982; Migone et al., 1985). 
Because Gm allotype characterization is not yet possible from DNA, typing still has 
to be done by immunological reactions. Consequently, direct knowledge of haplo- 
types present in  a population is still impossible. m i n g  errors (faulty sera) and 
restricted number of tested allotypes cause the haplotype list of a population to be 

TABLE 3. Numeric and alphanumeric nomenclatures 
for the Cm system (allotypcr mentioned in thw 

study only) 

htype Numeric Alphanumeric 
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insufficiently reliable and often oblige us to make hypotheses about the actual 
presence of some haplotypes. 
Gm haplotypes in the world and African features 

Table 4 summarizes the Gm haplotype occurrences in the main worldwide group- 
ings. Several Gm haplotypes seem to be proper to Black African populations. The 
most frequent one is Gm1~17;;5.10~11.13.i4, whose frequencies reach more than 0.80 in 
some ethnic groups like the Sara Majingay of Chad. Though it  first seemed to be 
present in other parts of the world, and especially in Oceania, with very high 
frequencies in Australian Aborigines and Papuans, further studies using new an- 
tiallotypes suggested that  non-African Gm1,17;;5.10.11.13.i4 is different. In Oceania, it 
appears to include the allotype G2m(23), but probably not in Africa, as it is shown 
at least i n  a study by van Loghem et al. (1978) of 214 Nigerian individuals. Unfor- 
tunately, allotype G2m(23) is rarely typed4 and should be considered from now on as  
an important specificity. What seems also to differentiate the Black African haplo- 
type from the non-African is its likely close association with the A2m(2) allele, 
whereas the non-African one (also found in Europe and Asia with low frequencies, 
generally less than 0.5) seems to be linked to A2m(l). It  is to be hoped that more 
work will be done in order to have this problem elucidated but enough information 
is nevertheless available to let one consider G m ’ ~ 1 7 ~ ~ 5 ~ i 0 ~ ’ 1 ~ i 3 ~ 1 4  as a Black African 
specificity. 

Almost all Black African populations possess the two haplotypes Gm1,17;;5*6910-11.14 
and Gm 1,17 ;;5.6,11.24 , generally not found in other populations which appear to lack 
allotype G3m(6). This also characterizes Black Africans. 

Finally, the haplotype Gmi~i7-13.15 (or probably Grn’~i7;; i0~11~’3*15) has always been 
considered as typically Khoisan, but it is found in many other Black African popu- 
lations with significant frequencies, as  we shall discuss below. Outside of Africa, 
this haplotype is always associated with G3m(16) and thus cannot be considered as 
similar. 

Thus, a t  least four haplotypes characterize Black African populations. The impor- 
tant discovery of the allotype G3m(28) by Blanc et al. (1976) and its typing in African 
populations (Rivat et al., 1978) reveal the striking feature that it is not systemati. 
cally associated with G3m(21) as  seems to be the case in Caucasoids and Asians. I t s  
typing i n  Black Africans leads to the identification of two distinct 

TABLE 4 Most common Grn haplotypes found irz the main worldwide groupings (occaswnal and rare 
haplotypes no1 mentioned) 

Crouus 

Black Africans (including 
Khoisan) 

Europeans, Near Easterns 
Indians. North Africans 

North East Asiatlcs 

Amerindians 
South-East Asiatics 

Melanesians 

Very frequent 
~ , , , l . l 7 , , S *  

Common 
cm 1.17..5.6.10.1l.24 
cml . I  7..5.6.l 1.24 

Gml 17..10.11.13.15 

Cml.17..2i 
Cm I .2.17..2 I 
Gml.2.17:.21 

Gml.2.17..21 

Gm I .17..21 

Gml .2.17..21 

cm I .17..10.11.13.15.16 
G,,, l.3.:5’ 

ern I .2.17..2l 

.. 
Australian Aborigines G,,, I .17..21 or * Gml.2.17..21 cm I.17.23.5. 

‘As G2mI231 is not tested for the majority of the samples we have ommed mention of !t in the complete haplotype 
descriptions. “..l’ standing lor thls omisaton 
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Gm1.17:;5.10.11.13.14.- +*8 haplotypes having different proportions of G3m(28) accord- 
ing to the ethnic grou s considered mivat et al., 1978). Other haplotypes like 
Gm1*17::5*6*10*11914 or Grnr17::5.6.1134 are also split into two subspecificities G3m( + 28) 
and G3m( - 28). But not enough populations have been tested at the moment to use 
these more detailed characteristics in a population genetics study. 

Gm haplotypes in sub-Saharan Africa: ethnic differences 
North African people and the Tuare resent some Caucasoid specificities such as 

the presence of the haplotype Gm3;;5*fi.1)4 and a low frequency of Gm1.17;;5,10.11.13,15 
which make them appear again as intermediate populations. 

Figure 7 presents Gm frequencies and the corresponding dendrogram structure 
for 27 Black African populations. One can immediately distinguish three main 
clusters. East African populations, as with the Rhesus system, show intermediate 
characteristics between Caucasoids and Black Africans (top cluster). They possess 
the Gm3;;5*13*'4 and Gm'*'7;;21 haplotypes as Caucasoid populations do. Black African 

and Gm1*17;;5*6*".24 are also present. Surprisingly, Khoisan populations show some 
genetic affinities with East Africans (second cluster). Even if they are not extremely 
close to each other, the dendrogram shows them as a cluster. These similarities are 
due to com arable Gm1.17;;5.10.11.13.14 frequencies and to the presence of the haplo- 
type Gm1.1P.;21 in the Khoisan. The other Black African populations are rather 
homogeneous. However, some differences emerge between a southern African group 
consisting of the Nguni (Zulu, Xhosa, Pondo) and Sotho (Pedi, Bechwana) popula- 

specificities like Grn1.17;:5.10,11.13,14 are in any case very frequent, Gm1.17:;5*6*10.11*14 

I -.- 

I:= 1 

P s 50 (a )a so (ao a 
I 1 L 

Fig. 7. Gm haplotype frequencies (cumulated) in 30 subSaharan African populations (right side). Sample 
sizes are indicated in front of ethnic names. General linguistic families of the samples are mentioned with 
the following symbols: A: Ahaaiatic; A:  NiloSahPran; 0: Bantu and Adamawa-Eastern; 0:  "West 
African" (Kwa + West Atlantic + MandB); *: Khoisanoid; 0: "Pypy." The dendrogram is mnstntctpd 
according to the average linkt+ge p d u r e  and uma 1- ,P/lOO W (leR side). A permutation 
procedure lowers the S U ~  of distances between neighboring populations without modifying the dendro- 
gram structure (Sanchez-Mazas et  al.. 1986). The proportionality of these distances is also conserved on 
the vertical axis. 
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tions (third cluster), and the other western, southern, and southwestern African 
populations (fourth cluster). This distinction is principally due to the rather high 
incidence of the ~ ~ 1 . 1 7 ; . 1 0 . 1 1 . 1 3 . 1 5  haplotype in Nguni and Sotho. This haplotype 
appears to be very frequent in Khoisanoid populations. Pedi and Xhosa also have 
the Gm1.'7.;21 haplotype in common with the Khoisan. 

Figure 8 shows a principal coordinate analysis of 43 populations, where four main 
geographic clusters may be distinguished. The first two principal axes separate 
quite clearly Khoisans, East Africans, Bantus, and western Africans. According to 
the first axis, which stands for 71% of the sum of the squared distances from the 
centroid, East African populations represented by the Sidamo5 are intermediate 
between the Khoisan and other African populations. Pygmies are linked with west- 
ern Africans. In Figure 8, the Sara Majingay are very close to Pygmies, and this 
confirms their linguistic and genetic difference with Bantu, as  already seen with the 
Rhesus system. Among the Bantu, Nguni CBaca, Hlubi, Pondo, Xhosa, Zulu), Venda, 
and Sotho (Bechwana, Pedi, Sotho), who are geographically located in southeastern 
Africa, are closer to Khoisan and East Africans (left side of the Bantu cluster in Fig. 
8) than other southern African Bantu, who are genetically not far from western 
African populations (right side of the Bantu cluster). 

Thus, in addition, with quite clear distinctions of the main linguistic groups 
already seen with the Rhesus system, we observe a link between Khoisan, East 
Africans, and some southern Bantu tribes, whereas central and western Bantu seem 
quite different. These latter do not differ greatly from western Africans like the 

Fig 8 Principal coordinate analysis for 43 sub Saharan African populations. using 1 - 2P/100 distances 
computed from Gm haplotype frequencies General linguistic families of the samples are mentioned with 
the following symbols ', Afroaslatic, A Nilo Saharan, 0 Bantu and Adamawa Eaetern. 0 West 
African" (Kwa + West Atlantic + Mande), * Khoisanoid Pygmy " The Bantu and Adamawa 
Eastern cluster may be clearly subdwided into two parts the left part includes all Nguni Sotho Venda 
populations except Ndebele 

5As the three Sidamo samples have small sizes (40. 43. and 57 indlvldual5, and  helnnK Ln ihr same Sadarnrn lamll\  
their phenotypic distrihuuonr have been grouped before compuilnu ihelr tom1 haplotype lrequentleli l'htr n v u  \nrnplf. 
140 individuals. has been used for the principal coordlnste analysts 
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Malinke or Bedik. Pygmies do not show Feat differences in contrast to West 

frequency, which detach them slightly from the latter group. The Ndebele and the 
Swasi, two northern Nguni tribes, have a lower frequency of the Grn'*'7;;'3,'5 Kh 01s- ' 

anoid haplotype. This makes them cluster with the non-Nguni Bantu populations. 

HLA system 
System definition 

The HLA system is responsible for organ transplant rejection in humans. HLA 
antigens are subdivided into two main classes. Class I antigens are located on every 
one of our cells and are encoded by three allelic series, A, B, and C. Class II antigens 
are lymphocyte-specific and correspond to three series, DR. DQ, and DP (the latter 
two constituting the D specificities). .A third class has been defined for the comple- 
ment complex formed by seric proteins (see Dausset and Pla, 1985, for a re- 
view). 

The HLA linkage group has been localized on the short a rm of chromosome 6 
(McKusick, 1978; h u m  et al., 1976; van Rood et al., 1976). Each identified locus 
includes a considerable amount of alleles (20, 40, 8, 12, and 10 specificities have 
been defined for loci A, B, C, D, and DR, respectively), and it is presumed that  more 
will be discovered. Because HLA loci are closely linked, each individual transmits 
his genes as haplotypes. Allelic variation is considerable; hence the probability for 
two unrelated individuals to be genetically similar is extremely low. However, some 
haplotypes appear to be more common in human populations. In spite of the HLA 
system's complexity, population specificities can be observed, thus promoting this 
system as very informative in  population genetics. Unfortunately, population phe- 
notypic panels obtained by immunological reactions do not yet permit a rigorous 
estimation of haplotype frequencies, unless elaborate family studies are  performed. 
For the moment, this obliges us to consider single allele frequencies in large studies 
by taking the loci one by one. Maximum likelihood procedures, as well as other 
methods, can be used to estimate gene frequencies (Mattiuz et al., 1970; Williams, 
1982), but phenotypic distributions are almost never published. This may prove to 
be a source of mistaken estimations, and it also prevents us from controlling for 
possible typing errors. 

Methodological problems 
HLA data from the African continent are unfortunately far less numerous than 

Rhesus or Gm data. As previously mentioned, western and eastern African popula- 
tions are underrepresented. Moreover, the smallness of sample sizes has dramatic 
effects on gene frequency estimations for the HLA system, since most of the alleles 
have frequencies ranging below 0.1 or even 0.01. It is not surprising to find a n  
absence of same specificities in  many samples (like A l l  or B22, for example), but we 
cannot conclude that they are actually lacking in these populations. HLA data raise 
another important problem, which is the occurrence of blank alleles, or in  other 
words, of undefined specificities in  the sample. Their frequency may reach as much 
as 0.22 for the HLA-A locus (in the Nigerian sample) and 0.47 for the HLA-B locus 
(in the Xhosa sample). Some important African allelic types seem not to be discov- 
ered yet, certainly due to the non-African origin of most antisera used for HLA 
antigen typings. The consequence is that distance measures should be corrected to 
take into account these meaningless frequencies. An acceptable hypothesis is to 
consider that two populations share a similar proportion of undefined alleles as they 
do of defined ones. Thus, the definition of P becomes: 

Africans, except the absence of GmL17;;5,6,1 , 1 1 3  and a higher Gm1.'7;;5,10.11.13.14 

m-1  m- 1 

ZPHLA = [kTl min(f&,fjk)~ + min(fi,,fj,,,) k- I  C min(fik,fjk), 
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where f,, and f,,,, correspond to the blank frequencies of populations i and j .  This 
can be considered as a good estimate of the common gene percentage shared by the 
two populations. 

One of the reasons for the smallness of sample sizes is related to the needs and 
interests of medical research for the HLA system. Previous reports have shown high 
correlations between some HLA specificities and particular pathologies, like the 
well-known relationship between B27 and ankylosing spondylitis (Brewerton et al., 
1973). Thus, a lot of studies are performed in order to find new associations with 
diseases. This is the case for studies carried out in eastern (Bodner et  al., 1975; Hall 
et al., 19821, western (Famuyiwa et  al., 19821, and southern Africa (Briggs et al., 
1980; Hammond et  al., 1977, 1980). In spite of the different aims pursued in such 
studies, they are interesting for us in that they contribute to the elucidation of the 
question of whether the HLA system is selected or not. For the moment, however, 
no conclusive answers have been advanced for excluding HLA data for such reasons 
in population studies. 

Another problem resides in the fact that control samples in such studies cannot be 
used, because they are ethnically heterogeneous. We hope that  future investigations. 
even if they are done for medical interest, will provide usable data for African ethnic 
comparisons. Finally, we have also been obliged to reject samples for which some 
interesting specificities were not tested. This is the case for the Shi sample not tested 
for B16, B18, and B21. 

HLA genes in the world and African features 
Some alleles seem to have specific frequencies in Black African populations com- 

pared with other ethnic groups. At the A locus, A l l  is very rare or absent, whereas 
it is always present elsewhere and may even reach very high frequencies in Orien- 
tals (about 0.30 in Chinese and Vietnamese) or in New Guinea (0.59 in Kar Karl 
On the other hand, A30 has a rather high frequency in Black Africans, reaching 
0.22 in Zulu and 0.25 in San, compared to 0-0.05 in other parts of the world. Aw23 
is generally more frequent than Aw24, thus contrasting with other world popula- 
tions. Some recently defined alleles, though not tested in most populations, could 
also be typically Black African: Aw36 (or MO) found in Sarakole, Zulu, Xhosa, and 
especially in Nigerians (0.082), or Aw43 (or BK) found in Xhosa, Central !Kung, and 
Khoi. It would be necessary to test these alleles in other parts of the world in order 
to confirm or refute their specificity to African populations. 

At the B locus, allele B17 is particularly frequent, compared to other populations. 
I t s  frequency ranges from 0.15 to 0.25, reaching even 0.37 in Central !Kung, whereas 
it generally does not exceed 0.10 in other populations except in Indians (0.14 in 
Hindus, 0.25 in Koya). B22 is often absent, though it is almost always present 
elsewhere except in many Amerindian populations. Finally, Bw42 (or MWA) could 
be typically Black African, as it has been found with appreciable frequencies in 
every Black African population so far tested, excluding Tigrinya. Its frequency is 
extremely low elsewhere. However, as it  is again a recent discovery (like Aw36 and 
Aw43), it needs to be more extensively tested to confirm i t s  peculiar distribution in 
Black Africans. 

HLA in sub-Saharan Africa: ethnic differences 
Within Africa, the Black African features we have just described are less apparent 

in the Erithrean Tigrinya sample. A l l  reaches a frequency of 0.03 instead of being 
absent. A30 and Aw23 frequencies are really low (0.007). Some other alleles have a n  
atypical frequency in this population: A1 frequency (0.12) is close to those found in 
Europe (0.10-0.25) and in North Africa (Egyptians have a 0.22 A1 frequency); A9 
frequency is much lower than in other Black Africans (0.02 compared to 0.09-0.17); 
B12 frequency is also lower; B21 is particularly high (0.21), closer again to North 
African values (0.10-0.15 in Egyptians, Kabyls, and Tunisians). The Sarakole tribe 
is another population which shows an uncommon African frequency: B17 is much 
rarer than in other populations (0.05 compared to 0.15-0.25). 
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Figure 9 presents a principal coordinate analysis of distances among ten popula- 
tions for the HLA system. The principal axes do not account for much of the total 
squared distance from the centroid, reflecting the fact that  many factors must be 
considered in order to interpret HLA data. Nevertheless, i t  appears that  the Tigrin- 
ya are  extremely differentiated in one direction, and are situated opposite the Bantu 
populations, to which Pygmies are related. Khoisan populations are grouped alone 
in a single quadrant and show a relative closeness of both San samples, while the 
Khoi Nama stand closer to Bantu. West Africans seem somehow intermediate 
between East and southern African populations. 

Although this topology is to be taken very carefully, i t  seems that  the populations 
belonDng to the main linguistic groups are clustered according to these two princi- 
pal axes. This is in rough concordance with the Rhesus and Gm systems. Paradoxi- 
cally the HLA system is not very informative, a t  the African continental level, for 
genetic population history, despite its numerous different alleles which should point 
out precise differentiations between populations. 

DNA polymorphisms 
Sampling problems in DNA polymorphism studies 

Due to the complexity of DNA sequence analysis, actual data are often drawn 
from samples very different in size and representativeness compared with those 
constituted for more classical genetic markers (see Table 5). Moreover, the number 
of alleles, haplotypes, or DNA types found in such samples may be considerably 
fewer than those effectively present in the whole population. Ewens (1972) has 
shown that the number of alleles present in a sample may permit, at the level of a 
population, the estimation of a mutation parameter referred as teta (teta = 4Nu for 
nuclear genes and teta = Nu for haploid mtDNA types mirky e t  al., 198311, N 
standing for the effective population size and u being the mutation rate). Teta values 
vary greatly according to the genetic system under consideration and become espe- 

21 x 

Fig 9 Principal coordinate analysis of ten sub-Saharan African populations, uslng 1 - 2P/100 distances 
computed from HLA (-A and -8) gene frequencies. Samples have been chosen according to the number of 
tested specificities 1 1  Tor HLA.A (Al. A2, A3. A9, A10, A l l ,  A28, A29, A30+31. A32. A33) and 15 for 
HLA €3 (B5. B7. B8. 812. 813. B14, B15, B16. 817. B18, B21. B22, B27, B35. B40) 
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TABLE 5 Diferenl sampling charac&errs&ics of the genetic syslems used in this study 

Excoffier e t  al.1 

Mean No. 
No of Mean No. of haplotypes Mean tea3 

Genetic samples of genes or DNA types value 
system' ~ ~~-~ -~ studied in samples in sample (estimated) 

Rhesus 90 439.4 4.5 0.6 

Cm 27 439.6 5 0.8 

HLA-A 10 204.4 12 2.7 

17 hap1 ) (322.6)' (0.86) (0.13) 

(10 hapl.) (447.6) (1.41) (0.38) 

(15 spec. (57.3) (0.82) (0.28) 
+ blank) 

( 15 spec (57.3) (1.25) (0.561 
t blank) 

(5 sites) (27.96) (1.21) (0.55) 

(68 sites) (33.2) (3.16) (1.72) 

H L A . 8  10 204.4 13.3 3.2 

RetaA-globin 16 53.5 4.5 1.2 

mtDNA 10 6 4 2  11.2 4.3 

'Each system has been screened lor a partial set of possible specificities. haplotypes. or DNA typa. Thus. tc(. values 
may constitute an underestimation o l  the actual mulation parameters I t  i s  worth noting that the average eta values 
on a set or populations have no clear meaning but help tn evaluate the requlred size of a sample for colleaing the 
majority olthe alleles(xe Fig I01 
'Numbers in parentheses stand lor standard dewation 
'For definition. .see text 

number 
01 alleles 

22. 

20 

18 

I 6  

14 

I 2  

10 

8 

mi DNA 

2 c----~++ : ' : , ' ' 4 
0 50 100 150  200 250 300 350 a00 450 500 

number 01 genes on sample 

Fig 10 Expected number or alleles, haplotypes. or DNA types as a function of the number of genes in a 
random sample drawn from a stationary population. The curves have been computed on the basis of mean 
LeLa values tabulated i n  Table 5 and Ewens's (1972) equation 1 1  Circles are located on the vertical of the 
mean sample sizes in the dinerent systems. 

cially large for very polymorphic systems such as HLA, or DNA segments studied 
with several endonucleases. Thus, large samples are required in order to get the 
majority of the alleles present in the population and to allow reliable estimates of 
allele frequencies. 

From Figure 10 and Table 5, one can see that Rhesus and G m  systems are 
generally studied from numerically good samples as the doubling of their size would 
not significantly increase the number of detectable alleles. The betaA-globin gcnc 
system, when only five recognition sites are considered, would be better studied with 
samples of more than 200 genes per population instead of 55. As for the HLA system, 
samples of 200 genes are revealed as insufficient for the detection of all tested 
specificities. The case of mitochondria1 DNA (mtDNA) IS critical from a sampling 
point of view. As the mean teta value is particularly high when 68 cutting sites are 
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considered, a mean sample size of 64 genes appears as inadequate for a complete 
sampling of the mtDNA types, when we see that a collection of 500 genes would 
almost double the number of detectable types. Future studies of DNA segments will 
probably be done on a n  increasing number of endonuclease recognition sites, or even 
on direct DNA nucleotide sequences. As a consequence, teta values will also increase 
and sample sizes will necessarily be much larger than those commonly found today. 
This material problem may limit the usefulness of too precise genotype characteriza- 
tion in population genetics studies and lead to studies of interindividual divergences 
which cannot give information on population differentiation. 

Beta-globin gene cluster 
Hemoglobin is surely the protein which has most predominantly contributed to 

the comprehension of general mechanisms in physiology, biochemistry, and genetics. 
Its study a t  the molecular level may also promote it  as an important genetic marker 
in anthropology. 

Hemoglobin protein is a tetramer composed of two alpha chains and two beta 
chains. The alpha-globin gene cluster is  coded on chromosome 16 whereas the beta- 
globin gene cluster is on chromosome 11. Different duplicated genes are expressed 
during the ontogeny of the individual (Honig and A d a m ,  1986). 

DNA mutations in these complexes tend to provoke the appearance of more or less 
serious disorders in oxygen transport, resulting in different kinds of anemias. The 
persistence of some of these mutations in many populations of the world has led to 
the consideration of it  as a real polymorphism. The observed correlation between 
the presence of the mutations leading to HbS, HbC, and HbE and the worldwide 
malariq repartition has led to the formulation of the hypothesis of a selective 
advantage for the heterozygotes carrying one of these mutations (for a review see 
Cavalli-Sforza and Bodmer, 1971). 

Before beta-globin genes were studied, the system formed by HbA (adult hemoglo- 
bin), HbS, and HbC (its two more common variants in  Africa) was seen as a n  example 
of polymorphism of three alleles at one locus (CavalliSfona and Bodmer, 1971). The 
AS genotype is supposed to protect from Plasmodium fakiparum, which is widely 
present in Africa, whereas AC genotype would protect from €? malariae, which is 
confined in West Africa (Livingstone, 1967). A unique origin for HbS supposes 
complex migratory movements in  order to explain its vast distribution covering 
India, Saudi Arabia, and Africa (Lehmann, 1954; Livingstone, 1967). Geographic 
and climatic factors have been suggested as determinants for the understanding of 
the observed frequency variations (Charmot and Lefivre-Witier, 1978; Lefivre-Wi- 
tier, 1985). 

HbS. The first studies on the presence or absence of cleavage sites for the Hpa I 
restriction endonuclease in the beta-globin gene cluster have shown the existence of 
a polymorphism in American Blacks and a strong association of HbS with a partic- 
ular haplotype W a n  and Dozy, 1978). In spite of the small size of the samples, the 
association of beta‘ with a 13.0-kb DNA fragment in West Africa (Ghana, Burkina 
Faso) would justify a possible origin in this geographic region. Another associated 
7.6-kb DNA fragment present in Central Africa (Gabon), eastern Africa (Kenya), as 
well as in Saudi Arabia and India has constituted a base for the hypothesis of 
multiple mutation origin of betas (Kan and Dozy, 1980). Small sample studies in 
Algeria and Morocco showed the same association of beta’ as the one found in 
western Africa Wears et al., 1981a). The West African group has also been shown to 
be heterogeneous for the €€pa I polymorphism, indicating that although the samples 
were polyethnic there is a difference between neighboring populations from Togo 
and Ivory Coast Wears et  al., 1981b). 

The use of a larger number of restriction enzymes has made possible the definition 
of a greater amount of betas-associated haplotypes. Studies of Jamaican Blacks 
(Wainscoat et al., 1983) and American Blacks (Antonarakis et al., 1984) have respec- 
tively shown the existence of two and three frequently associated haplotypes, as well 
as many rare haplotypes supposed to be recombinants 5’ to the beta-globin gene. 
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The HbS multiple origin hypothesis prevails over the model of a common and very 
old origin (Solomon and Bodmer, 1979) when it is shown that  the more frequent 
haplotypes cannot be deduced from the others by less than two crossing-over events. 
It is highly probable that these alleles have been the subject of independent muta- 
tions or genic conversions around the sixth codon of the beta-globin gene (Antonar- 
akis e t  al., 1982, 1984). Moreover, the beta’ mutation is found on three different 
frameworks of beta-globin which certainly appeared before the divergence of the 
great continental groups, as  they occur in these groups in nonnegligible frequencies 
(Orkin et al., 1983). 

Pagnier e t  al. (1984) have shown that these haplotypes could be attributed to three 
different reQons of Africa. The first haplotype, called “Benin” after the location of 
its discovery, is also found with high frequencies among sicklemic patients in 
Algeria, Nigeria, Mediterranean European countries, and southern Saudi Arabia 
(Kulozik et al., 1986) and a t  lower frequencies in Senegal and the Central African 
Republic. The presence of a second haplotype called “Senegal” and, until now, 
apparently confined to this country, confirms West African heterogeneity in this 
system. Finally, a third haplotype called “Bantu.” found in the Central African 
Republic, may characterize Bantu populations, as  it is also found among sicklemic 
patients of southern African origin (Ramsay and Jenkins, 1986). We can note that 
these three hypothetical centers are located in regions possessing very high HbS 
frequencies (Cavalli-Sforza and Bodmer, 1971; Lefevre-Witier, 1985; Livingstone, 
1967, 1985). It would be interesting to determine which haplotypes are present in 
other HbS-rich repons like Gabon, Angola, Uganda, or Madagascar, in order either 
to find new haplotypes or to trace possible migration routes. 

HbC. All associated haplotypes with betac-globin seem to be on the same DNA 
fragment concerning the Hpa I polymorphism, and thus to come from the same 
single origm (Boehm et  al., 1985; Kan and Dozy, 1980). The more frequent haplotype 
is different from fragments commonly associated with beta’, although the “Benin” 
haplotype also seems to carry the betaC mutation a t  lower frequencies (Boehm et  
al., 1985). 

of restriction sites in the beta-globin gene cluster differs 
greatly between beta’ and its variants because of evident selection and “hitchhik- 
ing” effects (Orkin and Kazazian, 1984). Restriction fragment-length polymorphism 
CRFLP) studies of betaA genes are fewer than those of pathological genes and have 
been used for continental group comparisons b n g  and Chakravarti, 1986; Wains- 
coat e t  al., 1986). This polymorphism could be very useful in anthropology provided 
some improvement in sampling design can be made and the proof of selective 
neutrality can be assured. 

A difficulty stemming from such studies is the choice of representative populations 
for each continent. Unfortunately, this choice is rarely deliberate, but rather is 
dependent on the available data. A criterion for representativeness could be that  the 
chosen population be close to all other populations of the considered group, as 
attested by other genetic systems. It seems to us that this criterion is not fulfilled 
for present studies on betaA-globin DNA haplotypes. African continental diversity 
still has to be estimated on the basis of this polymorphism. 

We have seen that the size of some samples is sometimes dramatically insufficient 
for the inference of precise haplotype frequencies, especially for African samples: 47 
Bantu genes, 42 San genes (Ramsay and Jenkins, 1986), 26 genes of students in 
Nigeria, and 35 Nigerian genes (Wainscoat et al., 1986) constitute the only samples 
from which conclusions about African ancestry could be drawn. 

Moreover, betaA- lobin genes do not constitute a n  independent,genetic system 

quency calculations of DNA haplotypes should not be made without care for the Hb 
variant genes, particularly if these ones are known to be selected. In these conditions 
of sampling deficiencies and nonattestation of selective uniformity, any attempt to 
trace human history in Africa or elsewhere from betaA haplotype frequencies would 
appear to us quite premature. 

HbA. The frequenc 

.. 
from betas- or beta % -globin genes in Africa and betaE-globin genes in Asia. Fre- 
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Mitochondria1 DNA 
The whole sequence of some 16,500 base pairs (bp) of the human mitochondria1 

DNA (mtDNA) is known (Anderson et al., 1981). Investigation of the variability of 
this extranuclear maternally inherited DNA has begun at a small scale with w ~ p  
studies which show possible gain or loss of endonuclease cleavage sites. These 
changes are  assumed to be due either to substitutions or length mutations. The 
RFLP techniques may be used in larger-scale surveys than direct sequencing of 
DNA, but they are much less informative. Sequencing studies have indicated higher 
point mutation (Brown et  al.. 1979, 1982) and length mutation (Cann and Wilson, 
1983) rates in mtDNA than in nuclear DNA. This evolutionary acceleration, whose 
causes are yet not clearly established, is interesting for anthropology: short diver- 
gence times, such a s  those thought to have occurred in the human species during 
the last 500,000 years, could be estimated. 

Though very attractive in revealing population affinities, mtDNA studies have 
not brought decisive information to human settlement history. One of the reasons 
resides in the quality of the samples. Extraction of a large amount of mtDNA from 
placentas (Cann et al., 1982, 1987; Horai and Matsunaga, 1986; Horai e t  al., 1984) 
allows the examination of a greater number of restriction sites than a small amount 
of mtDNA extracted from peripheral blood, but the samples obtained cannot pretend 
to represent a homogeneous population. Thus, interpopulation mtDNA polymor- 
phism studies have o h n  been undertaken on poorly representative samples 
(Aquadro and Greenberg, 1983; Brown, 1980; Cann et al., 1987; Denaro et  al., 1981; 
Johnson e t  al., 1983) and they have mainly cofirmed the enormous diversity of 
mtDNA types present in each population (Horai and Matsunaga, 1986; Horai e t  al., 
1984). Another important sampling problem occurs from the small size of the sam- 
ples, as has already been noted. 

The time elapsed since a fictive original monomorphic mtDNA population gave 
rise to actual polymorphic populations varies greatly according to the authors: 
10,000-50,000 years (Denaro et al., 19811, 104,000 years (Johnson et al., 1983), 
143,000-285,000 years (Cann et al., 19871, 180,000-360,000 years (Brown, 19801, or 
even 550,000 years (Cann et  al., 1982). This incertitude mainly comes from the lack 
of information on the exact mechanisms for the high evolutionary rate observed 
(Avise and Lansman, 1983; Monnat and h b ,  1985; Vawter and Brown, 1986) in 
mtDNA. 

Nevertheless, we may note that, at the great continental group level, the studies 
of Denaro et al. (1981), Johnson et  al. (1983), and Cann et al. (1987) agree in asserting 
that the mean number of restriction site differences is higher for people of African 
descent. Denaro et  al. (1981) also suggest a greater affinity between San  and Aka 
pygmies than with a South African Bantu sample, which contradicts blood group 
studies. 

These results, based on data which derive from samples that would have been 
rejected in any other classical genetic marker study, have to be interpreted very 
cautiously. It  would be wise to accumulate data on larger and more representative 
samples before drawing definitive conclusions. Founder effects, similar to those 
observed in Amerindians (Wallace et al., 1985), may also have occurred in African 
history and thus have eliminated some mtDNA alleles. 

Other issues still have to be resolved to allow use of mtDNA in reconstructing 
history. A constant molecular clock, the necessary condition for mtDNA divergence 
studies to be plausible, seems to be missing in one San population, as suggested by 
Johnson et al. (1983). In this case, the utility of mtDNA RFLP studies for short 
evolutionary periods should be reconsidered. Maternal inheritance of mtDNA leads 
researchers to ignore paternal lineages, which may not be identical to maternal 
lineages. So. different evolutionary paths may have been followed by nuclear DNA 
and mtDNA, and thus their study may not lead to the same conclusions (Poulton, 
1987). 

A fact of importance which has been considerably neglected is the possibility for 
the mtDNA to be selected, most of its coding genes being highly vital for the 
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respiratory chain. Moreover, interaction of the mitochondria1 genotype on nuclear 
DNA cannot be excluded in man, as  it has been observed recently in yeast (Parikh 
et al., 1987). When one considers mtDNA type frequencies found in some recent 
comparable studies (Bonne-Tamir et  al., 1986; Brega et  al., 1986a.b; Johnson et al., 
1983; Wallace e t  al., 1985). one is obliged to remark on the high incidence of type 
number 1 (according to Johnson and collaborators’ nomenclature). This fact may be 
explained either by a very recent divergence of most of the human populations or by 
some selective advantage carried by this mtDNA type. 

In conclusion, it appears that present data on mtDNA polymorphism brings very 
few indications concerning afinities between African populations. On a worldwide 
scale, small nonhomogeneous samples and large interindividual differences lead to 
problematic data interpretation. As an example, intrapopulation genetic distances 
may be found to be greater than interpopulation distances (Cann e t  al., 1987). Given 
the enumerated ambiguities hanging over this system, available data are still 
difficult to interpret a t  a population level. It would appear wise to wait for large- 
scale population genetics studies, as has been done in other genetic systems, before 
drawing drastic conclusions from mtDNA. 

DISCUSSION 
Afrrca in the world 

Despite the fact that  numerous Plio-Pleistocene hominid fossils were found in 
Africa, one cannot put forward any evidence of their contribution to the direct 
descent of today’s sub-Saharan Africans. Such hypotheses cannot be tested with the 
scarce and ambiguous remains found from the last 100,000 years. The origin of 
modern H. sapiens sapiens gave birth to quite different theories: 

(1) Polytypic and polycentric origin long ago. 
(2) European origin from H. sapiens neanderthalensis. 
(3) African origin and later colonization of Europe and Asia. 
(4) Middle East or West Asiatic origin. 

It seems obvious to us that  available data do not warrant a definitive decision for 
any one of these proposed theories. Nevertheless, genetic data permit a n  attribution 
of quite different likelinesses for each. 

Hypothesis 1 supposes very unlikely convergences from very old H. erectus to 
anatomically very similar H. saprens sapiens on four different continents. Population 
genetics has provided arguments against this point of view (Langaney, 1979; Nei 
and Roychoudhury, 1974, 1982). Genetic drift alone would have created much more 
differentiation than that  observed between present humans, had they been sepa- 
rated for more than 200,000 years. The polycentric theory seems almost refuted 
today. 

Hypothesis 2: Many fossils in the Middle East and in Africa suggest that H. 
sapiens, either sapiens or “presaprens.” were living in these areas long before the 
“apparition” of modern H suprens i n  Europe 30,000 years ago. Consequently, Euro- 
pean Neanderthals seem to be a local specialized race or species and should be 
rejected as  a direct ancestor of H.  saprens saprens. At most they could be contributors 
to modern gene pools. if not intersterile with o w  ancestors. A European orign of 
modern man is quite unlikely. 

Hypothesis 3 recently received quite determined support from some molecular 
biologists working on DNA RFLP and especially the beta-globin gene cflster (Wains- 
coat e t  al., 1986). They did not hesitate to claim that molecular evidence supports an 
African origin for our species. Cavalli-Sforza et al. (1986) tempered this judgment by 
underlining the apparent contradiction between immunological and DNA informa- 
tion. It  was shown long ago (Cavalli-Sforza and Edwards, 1965) that erythrocyte and 
seric blood groups suggest a primary divergence between Occidentals and Oriental 
ancestors, and then between Caucasoids and Black Africans Ganganey, 1979, 1984; 
Sanchez-Mazas e t  al.. 1986) (Fig. 11). DNA information evokes the divergence first 
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very limited populations. Without being able to decide from available data, we will 
still favor this view, despite i t s  complexity, as long as statistically acceptable molec- 
ular evidence will not confirm Wainscoat's proposals. 

Nevertheless, some African peculiarities may have appeared only recently, con- 
cerning mainly selected characters. It is well established in Africa and in other 
intertropical reBons that malaria is responsible for maintaining some advantageous 
alleles under the heterozygous form: GGPD deficiency, HbS, HbC, HbE (Livingstone, 
1967; Cavalli-Sforza and Bodmer, 1971), beta-thalassemia (Livingstone, 1967), and 
alpha-thalassemia (Flint et al., 1986). The same disease under i ts  hyperendemic 
form has also affected the D a y  system and the haptoglobin system. The genotype 
FyFy has been shown to be resistant to i? u i u m  (Miller et al., 1976), and the HpO 
phenotype appears to be due to malaria (Rape et al., 1985). Some systems such as 
ABO or HLA are known to be selected in some way, but the mechanisms involved 
have not yet been explained. Serious diseases exist in Africa that could have 
influenced genetic systems by hitchhiking or other interaction effects. Under these 
conditions, local singularities may be developed in few generations. 

African subdiuiswns and their interrelations 
From the genetic systems study, it seems that a quite clear distinction may be 

made between East Africans, West Africans, Pygmies, Bantu, and Khoisan. These 
genetic differentiations agree mostly with linguistic rather than with purely geo- 
graphical divisions. Though distinct, these groups have certainly experienced some 
interactions during past periods. Migrations, sometimes very recent, have also 
contributed to a certain degree of genetic and cultural exchange. In the view of 
actual genetic and historical data, it seems possible to formulate certain hypotheses 
concerning these events. 

East African Cushites and Ethiosemites, which both belong to the Afroasiatic 
linguistic family, appear to constitute a rather homogeneous and well-differentiated 
genetic group. In the Rhesus, Gm, and HLA systems, these populations show some 
Caucasoid characteristics as well as their undeniable African traits. This hypothet- 
ical Caucasoid contribution is also reflected in their physical traits and their lan- 
guage. Surprisingly, they appear to be closer to Khoisan than to Bantu, according to 
the Gm system. This affinity will be discussed below. On the other hand, Chari-Nile 
populations (Nilo-Saharan), mainly studied for the Rhesus system, may be differen- 
tiated genetically into a t  least two distinct groups. The first group consists of Nilotes 
(Eastern Sudanic) having a southern extension as far as Kenya, and the second 
incorporates Central Sudanic people extending westward to Chad and the Kunama 
situated in Erytrea. Samburu represent a recent southern Nilotic migration, and 
probably for that reason share genetic traits in the Rhesus system with the Cushite 
and Ethiosemite. The other Nilotic populations-Dinka, Nuer, and Shilluk, situated 
above the Great Lakes-seem to have been submitted to a strong founder effect as 
they apparently lack the R' haplotype. A likely random convergence might have 
made the former two resemble the Pygmies. The Kunama and Central Sudanic Sara 
are genetically quite close together and possess some West African traits. A Nilo- 
Saharan linguistic and technocultural continuity has been postulated for popula- 
tions situated in the Sudanic zone 8,000-10,000 years ago (Sutton, 1974). These 
populations may have constituted a relatively homogeneous substrate for gene flows 
between East and West Africa, but further evidence for acknowledging them as part 
of this missing link has to be collected from other genetic systems. A genetic affinity 
exists between Fulbe and East Africans due to high R' frequencies. Bg.and Dieterlen 
(1961) have suggested that the Fulbe could have had a Saharan origia, as they have 
recognized their initiation rituals in rock paintings of the "Bovidian" era (7,000- 
4,000 B.P.). Tauxier (1937) has supported a theory proposing migrations of Fulbe 
tribes from the eastern to the western coast, but no historical data exist to support 
it. A recent migration moved the Fulbe back again from Atlantic Ocean to eastern 
countries, crossing sub-Saharan regions. Another hypothesis which emerges from 
Rhesus data is a possible contact between Fulbe and Ghanaian tribes (Ewe, Ashanti). 
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F i g .  11. Centroid cluster dendrogram for 14 world populations. using average 1 - gP/lOO distances on 
five genetic systems: ABO. M N S .  Rhesus. Gm, and HLA (-A and -B). Branch length correspond to nP 
values (see text) computed at each level for a set of clustered populations and averaged for the five systems 
(Sanchez-Mazaa et al.. 1986). 

between Africans and others. However, these findings must be questioned both for 
sampling reasons and because Wainscoat's arguments use principally hemoglobin 
cluster data which could have been shaped by selection rather than by history. 
Divergence time obviously cannot be inferred from hemoglobin data and it is ques- 
tionable that phylogenic pattern could be, as hitchhiking effects prevent restriction 
polymorphisms from staying neutral in a highly selective genomic environment. 
Nevertheless, preliminary data on other DNA polymorphism also seem to support 
this hypothesis. The non-DNA polymorphism we reviewed give us an argument 
against this theory: if all the populations of the world, including subSaharan 
Africans, issued from the same ancestors, one could expect that these latter would 
still possess most of the alleles or haplotypes found elsewhere in the world. We have 
seen that West African, Bantu, and Khoisan were very different from Caucasoids or 
Orientals. Moreover, their gene pools could not be suspected to have produced, for 
example, a Middle East variation in a reasonable period of time, whatever the 
mechanisms. The only candidates for representativity of common ancestors would 
be the North-East Africans who are in genetic continuity with North Africans and 
Middle East peoples. Going so far obliges us to tend toward hypothesis 4, if one 
realizes that theories about gene pools can propose phylogenies but cannot localize 
ancestors geographically. Besides, some specific Oriental genes or haplotypes are 
present in the Middle East or India while none of them has been found, at least with 
Asian structure and noteworthy frequencies, in Black Africa. So, the only way to 
preserve this hypothesis in its original form would be to postulate that present Black 
Africans have lost their entire genetic heritage, except for some hemoglobin and 
other DNA features. This can still be held since the fourth hypothesis, too, supposes 
quite a lot of genetic drift between common ancestors and Black Africans. 

Hypothesis 4 is supported by immunological data and challenged by limited DNA 
polymorphism data. As we previously pointed out (Langaney, 1979, 19841, a late 
origin and divergence of Black Africans is possible if both intensive selection and 
genetic drift occurred after a drastic founder effect and a somewhat long isolation of 
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Indeed, it  is interesting to note that  the only way through the tropical forest from 
the subSaharan  savanna to the sea is located precisely in the Ghanaian region. 
Thus, Fulbe could have brought their pastoral customs to this region and mixed 
with local tribes. Other data in the Gm and HLA system need to confirm these 
possibilities. The Toucouleur are supposed to be partly from Fulbe origin (Murdock, 
1959). Their affinity with Kunama in the Rhesus system perhaps reveals indirectly 
the relationship between Fulbe and East African populations. The Tutsi and Hima 
are quite close to Cushites and Ethiosemites. This affinity is in agreement with 
their supposed history, as they migrated probably from the North (Ethiopia?) a t  the 
end of the 13th and beginning of the 14th centuries (Liesegang et  al., 1979). This 
may be confirmed by the fact that  the sicklecell trait, almost absent from East 
Africa, is very rare among them, too (Livingstone, 19671, although they are sur- 
rounded by Bantu possessing it with a frequency exceeding 0.30, one of the highest 
in Africa. As previously seen, West African populations often seem to have some 
genetical traits in common with East Africans, particularly with Cushites and 
Ethiosemites (higher r frequencies, lower Grn1.17;;5.6,10,11*i4 frequencies, presence of 
~ ~ 1 . 1 7 ; ; 2 1  ). Apart from the fact that  they share a linguistic kinship with the Bantu, 
West Africans also present genetically clear relations with them. For the Rhesus 
system, for example, the Ndebele are very similar to the Bedik, Yoruba, and Toucou- 
leur, which have quite high r frequencies. The Gm system also presents the same 
pattern concerning West Africans and Bantu affinities, but allows even more preci- 
sion by showing that  West Africans are closer to southern Central Bantu than to 
the Nguni, Sotho, and Venda (see Fig. 6). Among West Africans a distinction is 
allowed on the basis of betas-globin DNA haplotypes. A different mutation has 
appeared and has been maintained in Senegal and in the Benin-Nigeria regions. 
They may constitute specific markers for recent migrations between and from these 
areas. 

Pygmies, although recent Bantu speakers, appear quite peculiar, for they share 
affinities with West Africans in the Gm, with Bantu in the HLA, and with Nilotes 
in the Rhesus systems. As residual populations of a much wider group, extending 
probably throughout the equatorial forest in a geographically central part of Africa, 
Pygmies, should have been in contact with most of the other great groups at one 
time or another. 

Bantu-speaking populations, extending from sub-Saharan Central Africa to south- 
e m  Africa, appear genetically quite homogeneous. This fact suggests that their 
expansion was quite recent and rapid, as is suggested by linguists. Bantu speakers 
are often found genetically close to western Africans. This is in concordance with 
their linguistic affiliation and the assumed Bantu homeland located on the Nigeria/ 
Cameroon border (Greenberg, 1964LEvery genetic system shows a clear separation 
between Cushite and Ethiosemite populations on one hand and Bantu on the other, 
although they have certainly been in contact during the expansion of the latter. Gm 
data suggest a quite fine distinction between Nguni, Sotho, and Venda populations, 
which share Grn1~17;;13,15 with the Khoisan, and northern Bantu tribes which are  
closer to western Africans F i g .  6). This haplotype has even been presented as a 
percentage estimator of San admixture (Jenkins et al., 1970). In our view, such a 
hypothesis supposes that  gene frequency fluctuations have nothing to do with 
genetic drift, but it  may be regarded as a n  indicator of some past contacts between 
Bantu and Khoisan populations. This distinction among Bantu is not perceptible 
with Rhesus data, for Nguni or Sotho tribes have not been tested with all antigens 
in this system. Further studies would be necessary in order to confirm this result. 

Genetic data, without any doubt, always separate Khoisan from other African 
populations. Although presently forming a small, almost genetically uniform group, 
they are  supposed to have had a wide northern extension (Nurse et  al., 19851, prior 
to Bantu migrations. In comparing them with African populations other than the 
Bantu, the Khoisan show some a i n i t i e s  with Cushitic and Ethiosemitic popula- 
tions. This is exemplified by the presence of the Grn'-17;;21 haplotype specific to East 
African populations. East African-Khoisan affinities, as well as Nguni-Sotho-Khoisan 
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ones, may be explained by the following hypothesis: Khoisan were present early in 
southern and eastern countries of Africa, as suggested by linguistics and some 
archaeological discoveries. There they could have had contacts with some East 
African tribes from whom they aquired the Gmi*'7;;21 haplotype. Eventually they 
moved southward, pushed by Bantu or followed by them at a later date. The Nguni 
and Sotho acquired the Grn1.i7*;10311.13.15 haplotype as well as residual frequencies of 
Grn'*17;;21--which is of East African origin. Complete absorption of Khoisan tribes 
would explain their current absence in eastern coastal regions of southern Africa 
where the Nguni and Sotho are living. Consecutive Bantu migrations toward the 
south brought tribes like Kuambi, Kuanyama, and Sambyu to the Southwest, the 
Mbukushu, Tonga, and Lenje to Middle-Zambese regions, and the Shona eastward. 
All these populations, in all likelihood, did not mix with the Khoisan and thus did 
not integrate the GrniJ7;;13J5 haplotype. 

Although the presence of remnant Khoisanoid populations such as Hadza and 
Sandawe in Kenya would confirm a prior northern extension of Khoisan people, 
these populations seem nowadays genetically undistinguishable from other neigh- 
boring Bantu as far as the Rhesus system is concerned. HLA and Rhesus data, as 
well as other genetic systems (Nurse et  al., 1985), permit differentiation between the 
Khoi and the San, the former being closer to East Africans, but also, in a general 
manner, to the whole Black African human type. The San, on the contrary, reveal 
by their gene frequencies a likely early isolation. This distinction slightly modifies 
our hypothesis concerning Khoisan migration: the Khoi could have learned herding 
from East Africans or Central Sudanic populations, as they must have had a contact 
with other Black Africans. They might have migrated later than the San to southern 
Africa, where further Bantu migrations would have allowed some transmission of 
genetical and cultural traits. 

Differrntiafmg factors 

After having discussed the relations between major groups in Africa, we may 
wonder how the differences found could have emerged and what kind of mechanisms 
were involved. Though it is not clearly established whether all sub-Saharan African 
populations have one single o r ign  or not, they clearly possess common genetic 
traits. Some populations may have been submitted to historical factors that influ- 
enced their genetic pools, and these have led to what we have called their 
peculiarities. 
Thus, genetic drift added to a founder effect may account for the apparent loss of 

R' haplotype in Pygmies and Nilotes and of r in the San (or at least their drastically 
low frequency). Random genetic drift is also a candidate for explaining the local 
fluctuations among CushitedEthiosemites and Bantu populations, as well as in 
West Africans. Recent migrations may account for some affinities found between 
distant populations. The Tutsi and Hima. for example, as we have seen, surrounded 
by Bantu populations but closer genetically to Cushites and Ethiosemites, are 
known to have migrated from northern territories recently. Population fusion and 
admixture processes could be responsible for major genetic exchange, as hypothe- 
sized for the relations between the Khoisan and southern Bantu, as well as between 
the Khoisanoid Hadza and Sandawe populations and the Central Bantu. 

Without searching for overly simplified genetic clines, most of the relations be- 
tween populations may be explained satisfactorily by genetics when confronted with 
linguistic and historical data. More generally, small interpopulational migrations 
may have contributed to the maintaining of a relative genetic homogeneity among 
the groups described previously. In this respect, what is observed is in contradiction 
with what would have happened if populations had been differentiating indepen- 
dently from each other for many thousands of years. Although claimed (Hiernaux, 
1968), traces of recent and strong founder effects, a t  least in most of the studied 
populations, seem uncommon in Africa. 

Current Gm and Rhesus systems data suggest the following hypothetical scenario 
concerning a recent peopling of Africa. An ancestral population, still possessing 
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most of the specificities found nowadays in Africa, Europe. and Asia, moved to East 
Africa. From these migrants, two populations emerged. The first one colonized 
southern Africa. Khoisan populations descended from them and were submitted to 
a strong and probably ancient founder effect and to genetic drift. The second daugh- 
ter population moved westward and differentiated progressively. More recently, 
Bantu populations, probably coming from Central West Africa, migrated toward the 
South and met the Khoisan in southern Africa. In this schema, the heterogeneous 
Nilo-Saharan populations may be the scattered remnants of a n  ancient East to West 
Sudanic peopling zone. That would explain their present affinities with East and 
West Africans as well as with Bantu. This scenario is compatible with HLA data 
and betas DNA haplotype polymorphism, as the latter is thought to have occurred 
only recently. This model seems verifiable, because of the current precision obtained 
from HLA typing and DNA polymorphism concerning population kinship mea- 
surements. 

CONCLUSIONS 

The presence of the genus Homo in Africa has been dated to 2 million years ago, 
but no evidence of a continuum exists between these early Homo and extant popu- 
lations. Fossils on which observations may be drawn are rare, chronologically dis- 
tant, and geographically dispersed. Physical characteristics are prone to rapid 
changes and adaptations to environmental factors. Thus, any attempts to determine 
the probable ethnicity of tens-of-thousands-of-years-old skeletal remains seem highly 
questionable. 

Though Africans are genetically clearly differentiated from other populations of 
the world, they do not seem to constitute the latter’s direct ancestors. If we accept a 
hypothetical initial divergence between human groups around 200,000 B.P., i t  is 
very difficult to imagine that all the known genetic differentiations could have been 
developed from a n  African gene pool in such a short period of time on other 
continents. That is  why we favor the hypothesis of non-African populations coloniz- 
ing Africa after having been subjected to a drastic founder effect and random genetic 
drift. The resulting loss of some alleles or haplotypes and a frequency increase of 
others are in agreement with our results based on blood group data. In this view, 
populations still possessing numerous different haplotypes may be regarded as more 
or less representative of ancestral populations. This could be the case of some East 
Africans. 

Studies of DNA polymorphism, though showing that  Africans have accumulated 
more DNA changes than others, cannot presume the direction of a primordial 
migration into or out of Africa. Distances based on mean number of codon differences 
do not take into account gene flow (Slatkin and Maruyama, 1975) or historical 
events. A t  any rate, as long as the questions of mutation rate and its mechanisms 
are not solved, any attempt in setting intraspecific divergence time seems premature. 

Due to numerous studies of the Rhesus and Gm systems (53 and 43 samples, 
respectively), it is possible to compare many populations representative of different 
parts of sub-Saharan Africa. These systems, theoretically not as informative as HLA 
or DNA polymorphism, are, however, the only ones on which as many African 
samples have been gathered. They clearly separate four main groups of linguisti- 
cally related populations. West Africans are often related to Bantu populations and 
sometimes to East Africans, being in some way intermediate between these latter 
two. The Khoisan group, possessing local specificities, is supposed to have influenced 
genetically southern Bantu and to have had ancient contacts with East Africans. 
Our study also reveals some finer details on certain population affinities that would 
sometimes Seem contradictory without the help of linguistics and historid soul%es: 
for example, Nilotes (Dinka, Nuer, Shilluk) have been shown to differ from other 
East Africans concerning the Rhesus system as they lack the R’ haplotype; Chari- 
Nile populations (Kunama and Sara), also belonging to the NiloSaharan family but  
established, respectively, in Chad and Ethiopia, are quite similar and related to 
West Africans; the Bantu may be subdivided into two distinct groups on the basis of 
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the presence of a Khoisan Gm specificity; the Tutsi and Hima, established around 
Victoria Lake, difi’er greatly from their Bantu neighbors, but it is well known that 
they came only recently from northern territories. In this regard, it appears that 
most of the genetic peculiarities concerning present populations can be explained, 
when confronted with historical and linguistic sources, rather than being considered 
as  examples of founder effects, random genetic drift, or frequency convergence. This 
is not to say that these phenomena did not happen in African history, but their local 
importance has probably been either greatly overestimated or attenuated by numer. 
ous migrant exchanges between distant populations. Nowadays relative intragroup 
genetic homogeneity does not reflect long isolations and strong differentiation a t  
this level. Most of the time, genetic specificitles correspond to linguistic diffetentia- 
tions. Observatlon of this link between cultural and genetic traits, to be confirmed 
by further studies, should lead to close collaboration between these two scientific 
fields in the future. 
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APPENLMX. Complete list of numaharun African populatwm tented for Rhenq  Gm, and HLA, according b the criteria &fined in k t  (continued) 4 

Linguistic Sample Population 
Population Location family size sizes Reference 

Malinke 
Manyika 
mugu 
Ndebele 
Njinga 
Nuer 
Nyaturu 
N’Zakara 
Rendille 
Samburu 
San 1 
Sandawe 
Sara (Majingay) 
Sara (Kaba N- 
Dindjo) 
Sara (Kaba 
N’Dindjo) 
Serere 
Shilluk 
Tigre 
Toucoueleur 
Tutsi 
WOIOIT 
Yoruba 
ZtZurU 

Babinga 
B a a  
Bechwana 
Bedik 
Bi Aka 

Gm 

B a a  
Fulbe P e d )  
Gambians (Ken- 

eba)’ 
Gambians (Mand- 

Hlubi 
Khoi 
Kuambi 
Kuanyama 
Kurumba 

UIUP 

22.21 (Mlai) 
Malinke 
Mbukushu 
Ndebele 
Njinga 
Nyambaan 
Pedi 
Pondo 
Sambyu 
San 1 

!Kung 
Northern 
Ngami 
Dobe 
Iddda 

Kaukau 
Naron 
South Central 
KO 

San 2 

Sara (Majingay) 
Shangana 
Sidamo 

( + Wallamo + 
Kambta) 

!Kung Tsumkwe 

Senegal 
Zimbabwe 
C.A.R.‘ 
Zimbabwe 
Angola 
Sudan 
Tanzania 
C.A.R. 
Kenya 
Kenya 
Botswana 
Tanzania 
Chad 
C.A.R. 

C.A.R. 

Senegal 
Sudan 
Eritrea 
Senegal 
Rwanda 
Senegal 
Nigeria 
Zimbabwe 

Mande 586 
Bantu Shona 163 
Adamawa-Eastern? 131 
Bantu Nguni 101 
Bantu Ngola 109 
Western Nilotic 100 
Bantu 2 14 
Adamawa-Eastern 296 
Cushitic 102 
Nilotic 118 
Khoisan 122 
Khoisan 215 
Central Sudanic 257 
Central Sudanic 302 

Central Sudanic 295 

Namibia 
Senegal 
Gambia 

Gambia 

R.S.A. 
Namibia 
Ovamboland 
Ovamboland 
bur hi^ Faso 
Zambia 
Zambia 
Senegal 
Angola 
R.S.A. 
Angola 
M-bic 
R.S.A. 
R.S.A. 
Namibia 

3.000,000 

13,600 
410.000 

3,000,000 
32.000 

15,000,000 
12.000 

30.000 
750.000 
750.000 

750.000 

Western Atlantic 363 300,000 Moullec and Linhard (1956)’ 

Ethiosemitic 104 200,000 Ikin and Mourant (1962)’ 
West Atlantic 307 Kane (1963)’ 

Jadin and Bruynoghe (1952)’ 
West Atlantic 408 1,500,000 Moullec and Linhard (1956)’ 
Kwa 274 8,000,000 Worlledge et al. (1966)’ 
Bantu 365 Lowe (1969)’ 

Roberts et al. (1955)’ Northern Nilotic 106 110,000 

4 12 

C.A.R. “Pygmies” 
RSAS Bantu Nguni 
Botswana Bantu Sotho 
Senegal West Atlantic 
C.A.R. “Pygmies” 

Botswana 
Botswana 
Botswana 
Botswana 
botswana 
Botswana 
Botmvana 
Botswana 

Namibia 
Chad 
Mozambic 
Ethiopia 

Blanc and Langaney (unpublished) 
Lowe (1969)’ 
Spedini et a]. (1981) 
Lowe (1969)’ 
Nurse et al. (1979) 
Roberts et al. (1955)’ 
Godber et al. (1976) 
Creata (1964)’ 
Corrain (1973p 
Corrain (1972p 
%bias and Zoutendyk (1958)’ 
Godber et al. (1976) 
Hiernaux (1976) 
Langaney et al. (1978) 

Jaeger (1974P 

Bantu Kavango 
West Atlantic 
West Atlantic? 

West Atlantic? 

Bantu Nguni 
Khoisan 
Bantu ovambo 
Bantu 
Voltaic 
Bantu Ila-Tonga 
Bantu Sotho 
Mande 
Bantu Kavango 
Bantu Nguni 
Bantu Ngols 
Bantu 
Bantu Sotho 
Bantu Nguni 
Bantu Kavango 

Khoisan 
Khoisan 
Khoisan 
Khoisan 
Khoisan 
Khoisan 
Khoisan 
Khoisan 

Khoisan 
Central Sudanic 
Bantu ‘Ibnga 
Eastern Cushitic 

162 27,000 CavalliSfona et al. (1969) 
137 Jenkins et al. (1970) 
155 1,000,000 Jenkins et al. (1970) 
880 2.000 Blanc and Langaney (unpublished) 
900 Jaeger et al. (unpublished) 

111 
370 
822 

307 

145 
149 
119 
118 
150 
175 
189 
557 
115 
103 
86 

119 
146 
112 
98 

100 
152 
394 
100 
259 
138 
112 
72 

197 
255 
153 
140 

Jenkins et al. (1970) 
4.000.000 Blanc and Langaney (unpublished) 

40,000 
180.000 

3.000.000 
10,000 

750,000 

500.000 

Jenkina et al. (1970) 
Steinberg et al. (1975) 
Jenkipn et al. (1970) 
Jenkins et  al. (1970) 
Huizinga (1969p 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Blanc and Langaney (unpublished) 
Jenkins et al. (1970) 
Jenkins and Steinberg (1966) 
Nurse et al. (1979) 
Jenkins et at. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et a]. (1970) 

Steinberg et at. (1975) 
Steinberg et at. (1975) 
Steinberg et al. (1975) 
Steinberg et at. (1975) 
Steinberg et at. (1975) 
Steinberg et al. (1975) 
Jenkins and Steinberg (1966) 
Jenkins and Steinberg (1966) 

Steinberg et el. (1975) 
Hiernaw (1976) 
Jenkins et al. (1970) 
Steinberg (1973) 

(continued) 



APPEhDIX. Complete list of sub-Saharan African p p u h t i o m  tested for Rhesus. Gm and HLA, according to the criteria defined in text (continued) 

Linguistic Sample Population 
Population Location family size size' Reference 

Sotho(Basutu) Lesotho Bantu Sotho 149 3.000.000 

Tonga Zambia Bantu Ha-Tanga 120 

Xhosa R.S.A. Bantu NguN 214 3,900.000 
Zulu R.S.A. Bantu Nguni 130 3,900.000 

Aka (Bi Aka) C.A.R. "Pygmies" 85 
"Bantu" Zambia Bantu 166 
Khoi 
Nama Namibia Khoisan 99 
Hottentot Namibia Khoisan 110 
Nigerians 114 
Sen 2 

!Kung Tsumkwe Namibia Khoisan 76 
North Namibia Khoisan 82 

Heikum Namibia Khoisan 65 
!Kung Central Namibia Khoisan 116 

North Nambia Khoisan 79 

Shi Zaire Eastern Bantu 93 

Zulu R.S.A. 100 3.000.000 

Swasi R.S.A. Bantu Nguni 126 490,000 

Venda R.S.A. Bantu 80 360,000 
Zambesi 164 

HLA 

Serakole West Africa Mande 119 360.000 

Tigrinya Eritrea Ethiosemitic 68 3.560.000 
Xhma R.S.A. Bantu Nguni 76 

'In Mourant e l  81. (1978). 
'In T i h  ct a]. (1983). 
'In Steinberg and Cook (19811. 
'Ccntral African Republic 
'Republic of South Africa. 
'MM~ demographic estinptions have been found in Murdock (1959) and Baumann 11979) 

Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 
Jenkins et al. (1970) 

Muller et al. (1981) 
Featenstein et al. (1972) 

Nurse et al. (1975) 
Botha et al. (1972) 
Okoye et al. (1985) 

Botha et al. (1972) 

Nurse et al. (1975) 

Woimant et al. (1980) 
Govaerta et al. (1972) 
Spees et al. (1975) 
Botha et al. (1975) 
Hammond et al. (1975) 




