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SUMMARY

The combination of polymorphic restriction-enzyme sites in the 3'
region of the P-globin gene cluster shows very little variation in south-
ern-African Bantu-speaking black and Kalahari !Kung San popula-
tions. The sites of the 5' region, on the other hand, show marked
variation, and two common haplotypes are present-the "Negro"
type (- - - - +) and the "San" type (- + - - +)-in frequencies
of .404 and .106, respectively, in the Bantu-speakers and .262 and
.405, respectively, in the San. Twenty of 23 Ps-associated haplotypes
in southern-African Bantu-speaking black subjects were the same as
that found commonly in the Central African Republic (CAR)-i.e.,
the "Bantu" type-a finding providing the first convincing biological
evidence for the common ancestry of geographically widely separated
speakers of languages belonging to the Bantu family. The (-a) hap-
lotype has a frequency of .21 in the Venda, .07 in both the Sotho-
Tswana and the Nguni, and .06 among the !Kung San. These data are
interpreted in the light of Plasmodium falciparum malaria selection
and population movements in the African subcontinent.

INTRODUCTION

There is a paucity of written records relating to the history of the early human
inhabitants of the southern part of the African continent. The reconstruction of
this history is conjectural and based on data obtained from archaeological
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sources and linguistic studies, as well as from studies exploiting classical ge-
netic polymorphisms (Nurse et al. 1985). It is now possible to study extant
populations by using DNA markers, and such studies will undoubtedly increase
our understanding both of man's origin and of his early history in Africa and
elsewhere.
The P-globin-associated haplotypes have been assumed to be evolutionarily

neutral and were recently used to construct a phylogeny of man (Wainscoat et
al. 1986a) that confirmed the finding of previous studies that used classical
polymorphic markers (Nei and Roychoudhury 1982). These various studies
showed that a primary division or split had probably occurred between African
and all other human populations.
More than one-third of the peoples of Africa speak Bantu languages. The

term "Bantu" was coined in the 1860s (Bleek 1862-69, quoted in Tobias 1971)
to refer to the language family, and as early as 1907 Johnston suggested that the
widespread distribution of the Bantu-speaking blacks in sub-Saharan Africa
was the result of their differentiation from a single ancestral population (John-
ston 1907). The question as to how one family of closely related languages
could diffuse over such a vast area in what is thought to be a time span of only
2,000 years remains an intriguing one.
The present study is concerned with globin gene-associated restriction-

fragment-length polymorphisms (RFLPs) in several southern-African popula-
tions. The main aim was to assess the affinities of these populations.

SUBJECTS AND METHODS

Subjects
The subjects were randomly selected individuals from the San (formerly

Bushmen) and southern-African Bantu-speaking black populations, as well as a
selected group of patients with sickle cell anemia.
The !Kung San come from Tshumkwe in northeast Namibia, and 30-40-ml

venous blood samples were collected from them into ACD vacutainer tubes
after voluntary consent had been obtained. Small nuclear families were used
for establishing haplotypes. Blood samples were collected from random Venda
individuals in the northern Transvaal and from other Bantu-speaking blacks
who were resident in and around Johannesburg; Nguni speakers included Zulu,
Ndebele, Swazi, and Xhosa, whereas the Sotho-Tswana group included indi-
viduals from Tswana, South-Sotho, North-Sotho, and Pedi chiefdoms.
The P3s gene is present in high frequencies in most sub-Saharan African

populations, although it does not occur in most of the indigenous populations of
Namibia, Botswana, and South Africa. It is present at low frequencies in chief-
doms thought to have been resident for - 1,000 years in the more northerly
parts of the subcontinent, in the vicinity of the Cunene, Kavango, and Limpopo
rivers. The subjects of the present study were one heterozygous and 11 homo-
zygous Bantu-speaking black patients with sickle cell anemia who were origi-
nally from various southern African chiefdoms situated in Zimbabwe, Namibia,
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Zambia, and Malawi (although they were not necessarily resident in those
countries at the time of the study).

Methods
High-molecular-weight DNA was extracted from buffy-coat samples or

whole blood according to the method of Sykes (1983). The DNA was digested
with several restriction endonucleases according to the specifications of the
manufacturers, except that 2.5 units of enzyme were used per microgram of
DNA. Gel electrophoresis was performed in 0.7%-i.0% agarose (Seakem
HGT) gels and transferred to nitrocellulose filters by means of the method of
Southern (1975). The filters were hybridized to DNA probes that had been
radiolabeled by means of nick-translation (Rigby et al. 1977) and were then
autoradiographed with Kodak XAR-5 or Trimax 3M type XD X-ray plates.
The 1-like globin probes included the following: JW102 ,3-globin cDNA (Wil-

son et al. 1977); JW151 y-globin cDNA (Wilson et al. 1977); E-globin genomic
probe, the 1.3-kb EcoRI/BamHI fragment of pE1.3 (Antonarakis et al. 1982);
*P1I probe, the 1.7-kb BglIIlXbaI fragment of pP3.9 (Fritsch et al. 1980);
pRK29 from a region 3' to the P-globin gene (Orkin et al. 1982); the 5' region of
the 13-globin gene, the 1.8-kb BamHI fragment of pSS1.8 (Geever et al. 1981);
and the large intervening sequence of the ,B-globin gene, ,BIVS2 (Baird et al.
1981).
An a-globin cDNA probe, JW101 (Wilson et al. 1977), and a genomic a-

globin probe, the 1.6-kb Pstl fragment of pDH5 (Higgs et al. 1986), were used
to detect the deletion form of at-thalassemia.

RESULTS

P-Globin Cluster
Eleven polymorphic restriction-endonuclease sites were tested, and the fre-

quencies of the presence of the different sites are shown in table 1. Two of the
sites-the HpaI site 3' to the ,B-globin gene and the HincLI site associated with
the E-globin gene-generate three alleles; the remainder of the sites were dial-
lelic.

pA-Globin haplotypes were determined for 52 randomly selected San and 48
randomly selected black chromosomes, using nuclear families of the parents
and two children. Nine sites were included in the haplotype analysis. The
haplotypes were analyzed with respect to the 5' region and the 3' region, and
the results are presented in tables 2 and 3, respectively. A total of 42 5' and 43
3' haplotypes were unambiguously determined for the San, and in the blacks
complete 5' haplotypes were determined for 47 chromosomes and complete 3'
haplotypes for 38 chromosomes. Thirteen different haplotypes were repre-
sented among the 27 San haplotypes in which all sites were successfully inves-
tigated; and 17 were present among the 34 successfully investigated black
haplotypes. The two populations had eight haplotypes in common.
The 3' haplotype containing the 7.0-kb Hpal fragment in the black individ-

uals reported in the present study was the same in all five of those found and
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TABLE 1

MEAN ± SE FREQUENCIES OF THE VARIOUS P-GLOBIN GENE CLUSTER
POLYMORPHIC RESTRICTION-ENDONUCLEASE SITES IN SOUTHERN-AFRICAN

POPULATIONS

POPULATION

RESTRICTION ENDONUCLEASE SITEa Bantu-speaking Blacks Kung San

HincII-5'e .................... .167 ± .054 (48)b .059 ± .033 (51)
HindIII-Gy .................. .438 ± .005 (48) .680 ± .066 (50)
TaqI-inter y ................. .773 ± .086 (24) .739 ± .065 (46)
HindIIIAy .......; .146 ±.051 (48) .080 ± .038 (50)
HincII-*01 .................. .106 ± .045 (47) .275 ± .063 (51)
HincII-3'*P1 ................ .872 .049 (47) .980 + .020 (50)
Hinfl-5'3 ................... .833 .108 (12) .813 ± .097 (16)
AvaII-0 ..................... .933 .037 (45) .760 ± .060 (50)
HpaI-3' .................... .762 .119 (42)c 1.000
HindIII-3' .................. .563 .072 (48) .765 ± .060 (51)
BamHI-3'p .................. .826 .056 (46) .788 ± .057 (52)

NOTE.-Numbers in parentheses are number of chromosomes tested.
a Shown in fig. 1.
b Three alleles = 14.0 kb 'e HincIl .042 ± .029 (48).
' Three alleles = 7.0 kb 3'3 HpaI .119 ± .050 (42).

was (+ *- +) (table 3). The 5' haplotype differed, however; four were
(- - - +) and one was (- + + - +), indicating that crossovers had oc-
curred subsequent to the mutation that gave rise to the 7.0-kb fragment. The 3'
haplotype containing the 13.0-kb fragment was the same in all five cases tested
and was ( + - - + ). Again the 5' haplotypes differed; three were (+ - - - - ),
one was (+ - - - +), and in one only the first three sites were deduced
(+ - - nn) (n = not determined).
The TaqI inter-y-globin RFLP site (Wainscoat et al. 1986b) was present at a

mean + SE frequency of .78 + .05 (N = 69) in the San and .69 + .07 (N = 42)
in the Bantu-speaking black population. This site is polymorphic only in Afri-
can populations, and the rarer allele (-) occurred in association with the
(- - - - +) 5' haplotype in all cases.

Ps-Associated haplotypes were determined using the 11 polymorphic restric-
tion-endonuclease sites shown in figure 1. Twenty of the 23 Ps-associated hap-
lotypes were the same as the CAR type (Pagnier et al. 1984)-or, in cases in
which incomplete haplotypes were obtained, the sites that were determined
were compatible with it and are referred to as the "Bantu" type. The remaining
three were rare haplotypes. These data, together with PS-associated haplotype
data on African populations, are shown in table 4. The XmnI site 158 bp 5' to
the G-globin gene was consistently absent.

a-Globin Cluster
The mean + SE frequency of the (- a) haplotype was found to be .059 ±

.016 in the !Kung San, .206 + .049 in the Venda, .066 + .024 in the Sotho-
Tswana, and .068 + .022 in the Nguni (table 5). The San, Sotho-Tswana, and
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TABLE 2

NUMBER AND MEAN ± SE FREQUENCIES OF THE 5' REGION OF THE P-GLOBIN
CLUSTER HAPLOTYPE IN SOUTHERN-AFRICAN POPULATIONS

POPULATION
5' HAPLOTYPE

SITEa Bantu-speaking Blacks Kung San

13 5 6 7 No. Frequency No. Frequency

- . ................ 19 .404 ± .072 11 .262 ± .068
- . . ................ 5 .106 ± .045 17 .405 ± .076
+ ................ 6 .128 ± .049 1 .024 ± .024
- . . . ................ 7 .149 ± .052 4 .095 ± .045
- . . . ................ 5 .106 ± .045 8 .190 ± .061
0 ................ 2 .043 ± .030
+ . ................ 1 .021 ± .021
- . ................ 2 .043 ± .030
- - - + . ................ 1 .024 ± .024
Total....................... 47 42

NOTE.-The black and San populations are significantly different from one another (X2[8s =
19.54; P < .02).

a RFLP sites: 1, e-globin HincII; 3, 0y-globin HindIII; 5, AYglobin HindIll; 6, 41 HincII;
and 7, 3'441 HincII. 0 Indicates presence of the 14.0-kb HinclI fragment.

Nguni frequencies were not significantly different from one another, but each
differed significantly from that of the Venda (X2[3] = 13.13, P < .01; X2[31 = 7.84,
P < .05; and X2[3] = 12.41, P < .01, respectively).
A total of 20 (-a) haplotypes-including eight San, three Venda, four

Sotho-Tswana, and five Nguni-were shown to possess a 17.0-kb BgIII frag-
ment, indicating that the deletion was of the - a3.7 variety.
The aaa haplotype was detected in the heterozygous state in two Venda, two

TABLE 3

NUMBER AND MEAN ± SE FREQUENCIES OF THE 3' REGION OF THE 13-GLOBIN
CLUSTER HAPLOTYPE IN SOUTHERN-AFRICAN POPULATIONS

POPULATION
3' HAPLOTYPE

SITEa Bantu-speaking Blacks !Kung San

8 9 10 11 No. Frequency No. Frequency

+ . . ................... .15 .395 ± .079 22 .512 ± .076
+ . ................... .7 .184 ± .063 11 .256 ± .066
+ . ................... 5 .131 ± .055
+ . . ................... 3 .079 ± .044 2 .046 ± .032
+ * -+ ................... 5 .132 ± .055
- . . ................... 3 .079 ± .044 6 .140 ± .053
- . . +................................. 2 .046 ± .032
Total....................... 38 43

NOTE.-The black and San populations are significantly different from one another (X2I6I =
15.16; P < .01).

a RFLP sites: 8, P-globin AvaIl; 9, 3'0-globin HpaI; 10, 3'p-globin HindIII; and 11, 3',-
globin BamHI. The asterisk indicates the presence of the 7.0-kb HpaI fragment.
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1 2 3 4 5 6 7 8 9 10 11

'SENEGAL - + + - + + + + + +

'BENIN' -- - - + + +

'BANTU' + + - - - + + + +

FIG. 1.-Map of the 13-globin gene cluster on chromosome 11, showing the African PS-associated
haplotypes. Hc = HincII; Xm = XmnI; Hd = HindIII; Tq = TaqI; Av = AvaIl; Hp = HpaI; and
Ba = BamHI. The TaqI site has not been determined for the "Senegal" haplotype. For PU-bearing
chromosomes, only the "Bantu" haplotype was present in our sample.

Sotho-Tswana, and two San, giving it mean + SE frequencies of .030 + .023,
.019 + .013, and .010 + .007, respectively. The two San ovax haplotypes are of
the avaanti- 7 type, but both of the Venda and one of the Sotho-Tswana a(a
haplotypes are not typical of either the ataanti-3.7 or the oattnti-4 2 and have
been designated aotanti-3.7 BglII( -) (Ramsay and Jenkins 1985a). The other
Sotho-Tswana aoa haplotype was investigated with only BamHI, so it is not
possible to infer the crossover event giving rise to it.

DISCUSSION

Globin gene-associated RFLPs were studied in several southern-African
populations to assess the affinities both among them and between them and

TABLE 4

OsASSOCIATED HAPLOTYPES FOUND IN VARIOUS AFRICAN OR AFRICAN-DERIVED POPULATIONS

HAPLOTYPES

POPULATION Total "Senegal" "Benin" "Bantu" Rare

West Africa:
Senegala ....................... 56 46 8 0 2

Central West Africa:
Benina ................... . 20 0 20 0 0
Algeriaa....... ............. 20 0 20 0 0
Nigeriab ....................... 34 0 33 0 1

Bantu-speaking Africa:
CAR a .......................... 28 0 2 24 2
Southern Africac ........ ........ 23 0 0 20 3

American blacksd. ................. 76 5 45 17 9
Jamaican blacksd ......... ........ 94 6 63 15 10
Saudi Arabia:
Riyadhb......................... 22 0 17 0 5

a Source: Pagnier et al. 1984.
b Source: Kulozik et al. 1986.
c Source: Present study.
d Source: Antonarakis et al. 1984.



o oeoo
o oeo
0

. .H

00 O) W%00
00 eq't

*C1

_0

i

i-

3

z

C.)

t

0

A.

0

0.

z
0

0

z
0

E-4
A.-

120
z

z

E
CU
C:)

i
0

z
0

U)

W)

0R

m

0

z
0

a-

00

a)
c

Cd

CL

0
a4

a)

CU

O0

C,,
a)

-0

r-.

oo

-C
. _

.0
o >-
z

_

z
0

0
09



GLOBIN GENE-ASSOCIATED RFLPs

other world populations. Neutral markers-e.g., the PA-associated haplo-
types-provide data that can be used to calculate genetic distances, whereas
other markers-i.e., the PS-associated haplotypes and the x-thalassemia deter-
minants-are ecosensitive and must be used with caution when studying popu-
lation affinities.
When compared with those of other populations, pA-associated RFLPs

in southern-African populations revealed the following differences: (1) the
HinclI, E-globin site is present at high frequency in Mediterranean and Asian
populations but at a much lower frequency in blacks and the San; (2) the
HindIII, Gy-globin site has higher frequencies in blacks than in Caucasoids and
attains its highest known frequency in the San; (3) the frequency of the HincLI
site 3' to *43I is strikingly higher in blacks and the San than in other popula-
tions; and (4) the HpaI RFLP 3' to the P-globin gene is present in the San and
southern-African Bantu-speaking blacks (Ramsay and Jenkins 1985b). The 7.0-
kb fragment attains its highest frequency in the Venda (mean + SE = .167 +
.062) but has not been found at all in the San. The reason for the high frequency
in the Venda is not known.
Random association occurs between the 3' and 5' regions of the haplotype,

and it has been proposed that the recombination frequency between these
regions is higher than that within them (Chakravarti et al. 1984). Population
differences are not very striking when the 3' region of the haplotype is consid-
ered (table 3). The (+ + + +) 3' haplotype is the most common, whereas the 3'
haplotypes (+ + + -) and (- + - +) are present at lower frequencies in all the
populations that have been studied. The Bantu-speakers are distinguished from
other populations because of the higher frequencies of the 7.0- and 13-kb HpaI
fragments. These fragments are present at significantly lower frequencies in
American blacks and in the San and are absent in non-African populations.

Striking population differences are, however, evident in the 5' region of the
haplotype. In peoples of non-African descent, three haplotypes account for the
vast majority of haplotypes (Wainscoat et al. 1986a). These are (+ --- -),
(- + - + +), and (- + + - +), with the first having the highest frequency in
all of them. Two different haplotypes have been shown to be the most common
in Africa: (- - - - +) and (- + - - +), which will be referred to as the
"black" and "San" types, respectively, because the former is the commonest
in the black and the latter the commonest in the San. The black haplotype
occurs at a frequency of .400 in the Bantu-speaking blacks and is present at a
frequency of .262 in the San. In contrast, the San type occurs at a frequency of
.381 in the San and is present at a frequency of .116 in the Bantu-speaking
blacks and .207 in American blacks. The southern-African Bantu-speaking pop-
ulation shows, in fact, a distribution of the 5' haplotype very similar to that of
the American-black population studied by Antonarakis et al. (1984). The pres-
ence at low frequencies of the San haplotype in the blacks and the presence of
the black haplotype in the San may be the result of either common ancestry or
recent gene flow. There are at least two differences between the African hap-
lotypes: the extended black haplotype is ( - - - - - + ), whereas the San type
is (- + + - - +), where the third symbol represents the TaqI inter-y-globin
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RFLP. The presence of the (- + - - +) haplotype at a frequency of .103 in
American blacks suggests that its frequency in southern-African blacks is not
the result of admixture with the San but that it is more likely to be a common
ancestral African 5' haplotype.
The three 5' haplotypes (+ - - - -), (- + + - +), and (- + - + +) are,

for the most part, present in all populations and presumably predate raciation.
In contrast, the two African 5' haplotypes, (- - - - +) and (- + - - +), are
not found in non-African populations and presumably were lost by the small
founder population that migrated out of Africa into Asia and Europe. Where the
(- - - - +) haplotype occurs in Melanesian and Polynesian populations, it is
clearly distinguished from the African type by the presence of the TaqI inter--y-
globin site (Wainscoat et al. 1986b). The 5' P-globin cluster has been used to
study the evolution of modern man by Wainscoat et al. (1986a), who showed
that the data were consistent with the theory that modern man evolved in
Africa, that a founder population migrated from Africa and subsequently gave
rise to all the non-African populations. Using the 5'-region haplotypes of the
present study and others (Antonarakis et al. 1984; Old et al. 1984; Maggio et al.
1986; Wainscoat et al. 1986a), we have calculated genetic distances and have
used these to construct a dendrogram. We have shown a similar clustering of all
the non-African populations that are distinctly separated from the cluster of
African populations. These findings will be presented elsewhere.

Jones and Rouhani (1986), however, caution that "phylogeny of individual
genes may well be a misleading indication of phylogeny of populations from
which they originate," and Giles and Ambrose (1986) point out that the data of
Wainscoat et al. (1986a) are equally compatible with a European origin of man
and that selection together with random drift rather than chance events alone
may be a better model for explaining the results. Modern man may well have
originated in Africa, but that does not mean that the present peoples on that
continent have descended from the relict populations left behind when the
ancestors of the rest of humanity migrated from Africa. The presence of the
TaqI inter-y-globin RFLP in the San and southern-African blacks (Wainscoat
et al. 1986b) lends further support to the now generally accepted view that both
populations share a common ancestry.

Ps-Associated-haplotype studies have contributed to the understanding of
the origin-or, as it now appears, multiple origins-of this mutation on the
African continent. Three distinct Ps-associated haplotypes have been found at
high frequency in three separate geographical regions: (1) the "Senegal" hap-
lotype in Atlantic West Africa, (2) the "Benin" haplotype in Central West
Africa, and (3) the "Bantu" haplotype in the CAR (fig. 1) (Pagnier et al. 1984).
The distribution of the Ps-associated haplotypes in Africa is shown in table 4
and figure 2, from which it can be seen that in both the northern and southern
extremities of Bantu-speaking Africa the 1s-allele is embedded in the same
haplotype. It is postulated, therefore, that the sickle cell mutation arose only
once in the Bantu-speakers, presumably in their nuclear area of origin, before
the "Bantu expansion" occurred -2,000 years ago. The common biological
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FIG. 2.-Distribution of Re-associated haplotypes in Africa. The "Bantu Line" is according to
Seligman (1961).

origin of the Bantu-speakers that has been suggested by linguistic studies is
thus confirmed by these findings.

Little is known about the selective pressures that are responsible for the
production and maintenance of the a-thalassemia polymorphisms. It has, how-
ever, long been suggested that Plasmodium falciparum malaria may be the
responsible selective agent, because o+ -thalassemia occurs at its highest fre-
quencies in areas where malaria is hyperendemic (Luzzatto 1979; Oppenheimer
et al. 1984; Ramsay and Jenkins 1984). The recent studies in island Melanesia
provide the most convincing evidence to date in favor of this hypothesis (Flint
et al. 1986). The present study shows that the Venda, who are the most north-
erly population in South Africa, have a higher frequency of (-a)-namely,
.21 -than do the more southerly Nguni and Sotho-Tswana populations, both of
whom have ( - a) at a frequency of .07. The presence of the ( - at) haplotype in
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the San may be explained by proposing that it was present in the ancestral
population that extended from the horn of Africa to the Cape of Good Hope
and that the population had, in fact, been exposed to malaria infection. The
a+-thalassemia mutation had occurred by then and might have attained the
frequency of .06 in the extant !Kung hunter-gatherers found by the present
study.
The aaa haplotype in the San (aaaanti-3.7) differs from that in both the Venda

and a Sotho-Tswana individual, ataanti-3.7 BglII (-), by a single site mutation
and is likely a relatively recent mutational event.
The most commonly cited alleles conferring resistance to P. falciparum

malaria are HbPs, the glucose-6-phosphate dehydrogenase alleles GdA and
GdA-, and, more recently, the (- a) haplotype. The decreasing frequency of
the (- a) haplotype in the more southerly Bantu-speakers parallels the de-
crease in GdA- frequency in these populations and may indicate that the two
alleles are of similar antiquity. GdA is the most likely candidate for being the
oldest P. falciparum malaria-protective allele, with GdA- and a+-thalassemia
being the next oldest, and Ps, which does not occur at all in South-African
chiefdoms, being the most recent P. falciparum malaria-protective allele in
Africa.
The globin gene-associated RFLPs reported in the present paper are un-

likely to solve the outstanding problems concerning man's origins and evolu-
tion in Africa; answers to these problems will require detailed studies of many
more neutral markers from different regions of the genome, and such studies
will have to be carried out on many more indigenous populations.
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